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PR'Et'XCE TO THE 27th EDITION 

TN THE revision of The Heating Ventilatfng Air Conditioning Gtdde for the 1949 edition, 
’^all chapters have been examinra and improvements have been made wherever current 
engineering practice or recent published data have indicated progress or change in the presen- 
tation of dbe subject. The Technical Data Section has been enlarged by 80 pages, and the 
Catalog Data Srotion has been increased by the addition of up-to-date products of many 
additional manufactprera. 

Particular attention is called to the revision of the following chapters: 

Chapter 1 — Terminology, Many definitions have been added to the previous list. 

Chapter ^ — Fluid Flow, The theory and mathematical background for fluid flow compu- 
tations have been enlarged upon and a section has been added on variable-area flow meters. 

Chapter 6 — Heal Transmission Coefficients of Building Materials, The section on vapor 
transmission has been enlarged and the method of computing the overall heat transfer coeffi- 
cient of walls having high conductivity members has b^n expanded and improved. Federal 
specifications for water-proofed building papers have been added. 

Chapter 10 — Air Contaminants, Revisions have been made in tables of permissible limits 
of contaminants wherever changes have been found in acc^ted values. 

Chapter 11 — Instruments and Measurements. Descriptions and comments on use of several 
additional instruments have been added. The chapter has been extensively revised and 
portions rewritten to clarify principles of operation and to indicate precision of 'various 
measurements. 

Chapter 12 — Physiological Principles. Revisions in sections relating to human reactions 
to extremes of hot and cold environments have brought data on these effects up to date with 
most recent research, and also with findings of the Armed Services. 

Chapter 13 — Air Conditioning in the Prevention and Treatment of Disease. The text has 
been coordinated with present medical conclusions in regard to environmental conditions 
found most benefidal in treatment of disease. 

Chapter 11 — Heating Load. Data on tabulated winter climatic conditions have been 
extended by Edition of new information received from the U. S. Weather Bureau. 

Chapter 15 — Cooling Load. The calculation of solar heat gain through walls and roofs has 
been simplified by means of tables providing equivalent temperature differentials which can 
be used with the heat transfer coefficients of the structure to obtain the heat transfer resulting 
from solar radiation, as well as air temperature difference. The tables also contain correction 
factors to permit application to other than tabulated conditions. Tabulated climatic condi- 
tions have been brought up to date by new data furnished by the U. S. Weather Bureau. 

Chapter 17 — Automatic Fuel Burning Equipment. The section on Vaporizing Oil Burners 
has been enlarged. Tables and data on sizing of gas piping to appliances have been added. 

Chapter 18 — Heating Boilers^ Furnaces^ Space Healers, A section has been added to cover 
space heaters, their design, rating, installation and operation. 

Chapter 22 — Mechanical Warm Air Systems. The chapter has been completely revised in 
conformity with latest recommendations of the NWAHdcACA. A section. Design Prooalure 
tor Large Systems, has been added. 

Chapter 23 — Steam Heating Systems and Piping. The section referring to traps has been 
rewritten and illustrations of various types of traps added. The range of steam main and 
riser capacities has been extended for two-pipe systems. Many new diagrams showing piping 
connections to heating coils have been included. 

Chapter 26 — Unit Heaters^ Unit Ventilators, Unit Humidifiers. Improved air vent piping 
connections are shown in unit heater piping diagram. 

Chapter SO — Electric Heating. Sections pertaining to Resistors and Heating Elements, 
Unit Haters, and Electric Heating by Induction and Dielectric means, have been rewritten. 

Chapter 33 — Air Cleaning Devices. Dust Collectors are discussed in a new section which 
covers types, application and selection of collectors for industrial use. 

Chapter 35 — Motors and Motor Controls. Revisions have been made wherever necessary 
to insure compliance with present motor and motor control practice and specifications. 
Descriptions of types of motors have been improved. 

Chapter 37 — Spray Apparatus. The entire sections dialing with cooling towers and spray 
ponds nave been revised and rewritten to include description of current equipment and to 
present up-to-date design information. Factors affecting location, selection and performance 
of cooling towers are given. Illustrations of various types of towers are included. 

Chapter 39 — Refrigeration. A thorough revision improving the presentation of the subject 
includes a new section on the heat pump, and added pressure-entiialpy charts for ammonia 
and “Freon-12”. Revised tables are supplied for sizing of refrigerant piping. Emphasis is 
placed upon application of refrigeration equipment. 

V 



, : rNew tables giving circular equivalents of rectangular ducts 

a^;be^bd .U](k>n •fbteulib'Vlev^op^ in latest ASHVE research. The treatment of losses 
occurring in sy^tenjs hv been.eiilar^ and includes a detailed discussion of losses due to area 
diangN. ^ITn^QT ^^^bjjbct sizing ducts, three methods are outlined and examples are 

Chapter J^6 — Industrial Exhaust Systems, Numerous revisions in fundamental desim 
data have 'bdtn;lulded to keep this chapter in agreement with the latest knowledge on the 
subject. •, ; ' \ * 

[Chapter 47 — Drying Systems, New illustrations of dryers and new diagrams of drying 
operations are includra in the rewritten and enlarged chapter. Problems in drying have 
been amplified. An example is given in the solution of a typical drying problem and the 
selection of a belt-type of dryer. 

Chapter 48 — Transportatiim Air Conditioning, This chapter has been rewritten in order 
to present current practice in design and control of heating, cooling and air conditioning 
systems in modern railway passenger cars, street cars, trolley coaches, passenger buses and 
aircraft. Special requirements for various types of planes are discussed. 

Chapter 6^ — Codes and Standards. The record of codes and standards applicable to heat- 
ing, ventilating and air conditioning has been reviewed, and references to the latest editions 
of the codes have been brought up to date. In addition, a reference column indicates where 
the codes may be obtained, and a list of addresses of the sponsoring organizations has been 
added. 

The cross index of the Technical Data Section has been enlarged to facilitate reference to 
the technical text. 

The high standard established by The Guide has been made possible by the contributions of 
many members, ormnizations and individual authorities in the past, as well as those who 
have devoted considerable time and effort to the improvement of the present edition. It is a 
pleasure to acknowledge this valuable service of the following contributors to the 27th edition: 


D. K , Adams 
C. M. Ashlet 
H. S. Bean 
Merrill Bernard 
A. D. Brandt 
W. G. Brombachbr 
S. D. Browne 

L. F. Collins 
O. C. Davidson 
H. £. Deoler 
R. S. Dill 

£. F. Du Bois 

M. R. Eastin 
K. H. Flint 


A. A. Giannini 
N. A. Hall 
H. B. Hedges 
W. E. Heibel 
F. K. Hick 
W. O. Huebner 
E, F. Hyde 
W. C. Jacobs 
R. C. Jordan 
J. M. Kane 
A, J. Keating 
J. S. Locke 
J. W. Miller 


R. A. Miller 
M. M. Montgomery 
H. B. Nottage 
H. N. Ostborg 
B. F. Postman 
F. J. Reed 
R. W. Roobe 
F. B. Rowley 
H. J. Ryan 
B. R. Small 
L. A. Stevens 
J. P. Stewart 
R. P. Warren 
W. E. Zieber 


The reader’s attention is directed to the Catalog Data Section which provides concise 
information on the up-to-date products of 249 manufacturers. A cross index of manufactmed 
products facilitates the finding of sources of supply for equipment needed in heating, ventilat- 
ing and air conditioning instalktions. 

The 1949 edition of The Guide b presented with the hope that the many improvements 
incorporated will make this volume increasingly valuable to the manufacturer, student, 
teacher and practicing engineer. 

GUIDE PUBLICATION COMMITTEE 
R. C. Cross, Chairman 

A. B. Alqren Nathaniel Guckman W. M. Wallace, II 

R. L. Byers B. H. Jennings W. N. Wxthbbidgb 
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CODE OF ETHICS FOR 
ENGINEERS 

E ngineering work has become an increasingly impor- 
tant factor in the progress of civilization and in the wel- 
fare of the community. The engineering profession is held re- 
sponsible for the planning, construction and operation of such 
work and is entiUed to ^e position and authority which will 
enable it to discharge this responsibility and to render effec- 
tive service to humanity. 

.That the dignity of their chosen profession may be main- 
tained, it is the duty of all engineers to conduct themselves 
according to the principles of the following Code of Ethics: 

1 — The engineer will carry on his professional work in a spirit of fair- 
ness to employees and contractors, fidelity to clients and em- 
ployers, loyalty to his country and devotion to high ideals of cour- 
tesy and personal honor. 

2 — He will refrain from associating himself with or allowing the use of 
his name by an enterprise of questionable character. 

3 — ^He will advertise only in a dignified manner, being careful to avoid 
misleading statements. 

4 — He will regard as confidential any information obtained by him as 
to the business affairs and technical methods or processes of a 
client or employer. 

5 — He will inform a client or employer of any business connections, 
interests or affiliations w^hich might influence his judgment or im- 
pair the disinterested quality of his services. 

6 — He will refrain from using any improper or questionable methods 
of soliciting professional work and will decline to pay or to accept 
commissions for securing such work. 

7 — He will accept compensation, financial or otherwise, for a particular 
service, from one source only, except with the full knowledge and 
consent of all interested parties. 

8 — He will not use unfair means to win professional advancement or to 
injure the chances of another engineer to secure and hold employ- 
ment. 

9 — He will cooperate in upbuilding the engineering profession by ex- 
changing general information and experience with his fellow en- 
gineers and students of engineering and also by contributing to 
work of engineering societies, schools of applied science and the 
technical press. 

10 — He will interest himself in the public welfare in behalf of which he 
will be ready to apply his special knowledge, skill and training for 
the use and benefit of mankind. 
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A 


Air (eofiltniMd) 


Air (continued) 


Abatement 

air pollution, 179 
smoke, 8, 179 


Abbreviations. 11 
Absolute 
humidity, 5 
pressure, 6 
temperature, 9 
sero. 1 

Absorbents, 740 
prooess. 740 

temperature, pressure, concen' 
tration, 741 


Absorbers 

duct sound, 843 
outlet, 847 
plate cells, 846 
plenum, 845 

Absorption systems, 740, 762 
Acceleration, 1 
Acclimatization, 220 
Acoustics, 837 
Activated alumina, 736 
Activated carbon, 655, 929 
Activated bauxite, 737 
Adiabatic, 1 
mixing 

injected water, 59 
two air streams, 57 
saturation, 59 


Adsorbents, 735 

process, 737 

temperature, pressure, con- 
centration, 738 

Adsorption, odor, vapor, 183, 
655,735 
Aerosol, 1 


change measurements. 204 
chemical vitiation of, 213 
eireulation, 029 
oiroulation in drying, 013 


classification of impurities, 
170, 648 
dust, 648 
lint, 648 

cleaner, 243, 648, 928 
viscous impingement type, 
648 

cleaning devices. 647 
classmcation of, 647 
installation, 654 
maintenance, 653 
performance, 651 
safety requirements, 655 
selection, 653 
testing, 651, 660 
vapor adsorption, 655 
combustion, Si^, 334 
conditioning process, 55 
contaminants, 179, 213, 215 
cooled 

condensers, 769 
cooling, tropics, 236 
current measurement, 204 
dehumidiiication, 735 
distribution, 433, 443, 783, 807, 
857, 927, 937 
air entrainment, 785 
application of methods, 798 
balancing the system, 800 
ceiling outlets, 796 
definitions, 784 
duct approaches to outlets, 
800 

flow patterns, 799 
furnace systems, 433, 443 
{{uide vanes, 791 
induction, 785 
jet pattern, 786 
mechanics, 785 
momentum theory. 785 
outlet location, 797 
outlet performance, 793 
outlets. 795 
parallel slots, 787 
railway car, 928 
recommended velocity, 444, 
822 

return and exhaust intakes, 
803 

room air motion, 793 
spread, 790 
standards for, 783 
throw, 788 
vanes, 791 
velocity, 801, 904 


velocity across jets. 786 
vertical drop and rise, 792 
volume control, 800 
w'all outlets, 796 
duct design. 435, 446, 807 
duct friction loss, 808, 906 
dust concentrations, 182, 185, 
186 

excess, 335, 361 
filter, 647 

flow resistance of coils, 537 
inmurities, 176, 180, 215, 647 
infiltration, 161 
causes of , 161 
due to w'lnd pressure, 161 
through walls, 162 
leakage, 162, 263, 354 
moist, 23, 24 
motion, 222, 227, 793 
movement, influence of, 222 
movement, measurement of, 
199 

outdoor, 179, 857 
physical impurities in, 179, 215 
(Killution, 179, 647 
abatement, 183. 896 
quantity required, 214, 334 
refrigeration cycle, 760 
room motion, 444, 793 
saturated, 1 
seoondarj’^. 342 
space conductance, 123 
standard, 1 

sterilization of, 190, 233, 239 
supply and return openings, 
783 

supply opening noise, 795, 

849 

temperature requirements, 
223, 229, 233, 250, 938 
theoretical requirements, 215, 
241, 333, 939 
thermodsrnamics of, 23 
unit cleaning devices, 647 
wasbers, 1, 709 
Air change method 
computing infiltration, 161, 


Air Conditioning, 1 
aircraft, 933 

automobiles in summer, 933 
central system, 857 


xi 



Heating VentUating Air Conditioning Gnlde 1949 


Air Cgadlttaaing (eonltMMii) Atmowherle (eontfntinO 


Boiler, boilers (eonUntud) 


comfort, 2 

236, 237, 238, 239. 

humidity, table, 886 
industrial, 885 
atmospheric conditions re* 
quired, 886 
calculations, 802 
genera] requirements, 886 
typical applications, 888 
owning and operating cost, 783 
passenger bus in summer, 931 


processes, 55 
adiabatic mixing, 57, 59 
adiabatic saturation, 59 
cooling, 66 
cooling load, 60 
heating, 55 
heating load, 63 
railway passenger car, 927 
ship, 637 

stoker-fired units, 350 
storage 83rstems, 764 
summer design conditions, 
272, 275 

temperature table, 886 
transportation. 927 
treatment of disease, 233 
unit, 697 


Air cooler, 697, 707 
units, 703 
defrosting, 708 
design, 70t 
tierformance, 707 
ratings, 708 
types of, 708 

Air requirements, 214, 239, 940 
Air supply opening noises, 795, 
849 

Air velocity 
unit heaters, 547 
Air washer, 1 , 709 
Airfoil fan, 631 
Aircraft air conditioning, 933 


Allergic disorders, 243 
apparatus, 243 
asthma symptoms, 243 
hay fever symptoms, 243 
limitations of air conditioning 
methods, 244 

Altitude, pressure and tempera- 
ture, 70 

Ammonia, 747, 748, 752 


Anemometer, 1, 202 
deflecting vane, 202 
hot wire, 204 
propeller, 202 
revolving vane, 202 
Anesthetics, 237 
Anthracite coal, 326, 328, 339 
firing methods, 338 
Apparatus dew-point, 61, 861 
Aspect ratio, 784, 786 
Asthma symptoms, 243 
Atmosphere, standard, 70 


Atmomheric ^ , 

conditions fr>r industrial proc- 


oooling towers, 710 


make-up water, 733 
pressure, 1, 71 
winter freesinf;, 733 
Atomising humidifiers, 715 
Atomising oil burner, 357 


Attenuation, 838, 842 
ducts, 842 
duct branches, 843 
elbows, 842 
grilles to room, 842 


Attic 
fans, 644 
location, 644 
types, 644 
temperature, 259 


Automatic 

controls (see Controh), 447, 
606,663 

purpose of, 663 
types of, 663 

fuel burning equipment, 349 
viscous filter. 649 
Automobile idr conditioning, 
933 

Axial flow fans. 631 


B 


Bafile, 1, 365 

Bare pipe heat loss, 522, 580 
Barometer, 198 
Basement 

coefficients of transmission, 
132 

heat loss, 142, 261 
temperatures, 261 
Bernoulli equation, 76 
Biochemical reactions 
control of rate of, 891 
Bituminous coal, 327 
firing methods, 340 
Blast heater, 2 
Blow, 2 


Body 

adaptation to hot conditions, 

220 , 221 

heat loss, 216, 222,223 
odor, 213 

thermal interchanges, 215, 222 


Boiler, boilers, 373 
capacity for unit heaters, 554 
care, 386 
cast-iron, 373 
cleaning steam, 386 
combustion rates, 382 
connections, 384, 488 
Hartford return, 489 
return, 489 
sizing, 489 
steam, 489 
construction, 373 
design, 375 


efficiency, 378 
electric, 610 
erection, 385 
fittings, 384 
furnace design, 375 
gas-fired, 364 
selection of, 384 
gas-fired units, 364 
conversions, 365 
selection of, 366, 384 
heating, 373 
heating surface, 2, 375 
heat transfer rates, 375 
horsepower, 2 

hot water supply, 374, 610, 
956 

maintenance, 385 
oil-fired units, 361 
operation, 385 
output, 377 
rating, 380 
rating codes, 376 
selection of, 381 
based on heating surface 
and grate area, 383 
cast-iron, 382 

estimated design load, 380, 
381 

lna/1 


381 

gas-fired, 384 

hot water supply load, 381, 
955 

piping tax, 381, 580 
radiation load, 381 
steel, 382 

warming up allowance, 381 
soot, 346 

space limitations, 384 
special heating, 374 
steel, 374 

stoker-fired units, 350 
testing codes, 376 
troubles, 385 
British thermal units, 2 
Bucket trap, 493 


Building, buildings 
condensation, 143 
beat transfer through sur- 
faces, 115 

infiltration, 161, 263 
intermittently heated, 266 
materials, heat transfer 
through, 115, 130, 262 
multi-story, air leakage, 167 


Burner, oU, 357 

Bus air conditioning, 931 

By-pass, 2, 599, 861 


c 

Calcium chloride, 735 
Calculated heat loss method, 
417 

Calorie, 2 

Calorific value, 326, 329, 332 


Carbon 

activated, 655, 929 
dioxide. 184, 209, 333, 886, 389, 
367 


XU 
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Carbon {eonHnued) 


Chart {corUinutd) 


monoxide, 184, 188, 367 
Caat-iron boilen, 373 
Ceilin|E 

cooling unit, 708 
high, 258 
outlets, 802, 804 
perforated, 796 
unit heater, 548 


Central air conditioning systems 
857 

BCcesBibility, 871 
air quantity, 863 
apparatus dew-point, 861 
by-pass, 870 
control, 858 
cooling load, 271, 862 
corrosion, 077, 678, 081 
design procedure, 871 
efifective temperature differ- 
ence, 863, 870 

equipment arrangement, 857 
equipment selection, 872 
evaporative cooling, 867 
fan system, 2 
features, 857 
heating load, 863 
induction units, 865 
high pressure type, 865 
low pressure type, 866 
location of apparatus, 870 
outdoor air, 857 
• pre-cooling, 867 
reheating, ^0, 860 
run-around, 868 
selection, 868 
sensible cooling, 867 
coning, 858 
Centrifugal 
compressors, 766 
condensing unit, 769 
fan, 631 


humidity, 012 
insulation of cold pine, 588 
loss of Pleasure in elbows, 815,. 
motor characteristics, 681, 686, 
688, 680, 661 

permissible relative humidi- 
ties for various transmis- 
sion coefficients, 144 
psychrometric chart, persons 
at rest, 226 

room absorption correction 
852 

sound attenuation, 848 
static deflection, 8^ 
system cliaracteristics, 638 
thickness pipe insulation pre- 
vent sweating, 588 
velocity and velocity head, 
814 

well water temperatures, 714 
Chemical 

laboratory hoods, 902 
reactions, 861 
control of rate of, 891 
vitiation of air, 179, 213 


Chimney, chimneys, 399 
construction details, 412 
determining sizes, 402 
domestic, 405 
effect, 2 

factors affecting draft, 405 
gas heating, 409 
general considerations for, 414 
performance, 403, 408 
static draft, 400 
Cinders. 182 

Circular equivalents of rec- 
tangular ducts, 811 
Circulators, 504, 514 
Cleaning boilers, 386 
Climatic conditions, 251. 275 
Closed expansion tank, 516 
sizing formula, 517 


Chart 

air flow and loudness, 851 
area and weight of rectangular 
ducts, 8^ 
canvas surface, 586 
comfort, 226 

compressor and coil perform- 
ance, 780 

computed static draft for short 
chimneys, 409 

correction for pipe roughness, 
810 

dehumidifier performance, 744 
design temperature map, 256 
economical thickness pipe in- 
sulation, 592 

effective temperature, 227 
estimating surface tempera- 
ture, 622 

fan characteristics, 635, 636 
filter resistance, 652 
friction air ducts, 748 
friction in black iron pipes, 
505, 950, 951 
Goff diagram, 52 
heat emission by radiation 
from panels, 624 
heat hws 

coefficients, insulated ducts, 
833 

from body, 217, 218, 223, 224 
insulated pipe, 683, 584, 585, 
586 


Coal, coals 

anthracite, 326 
bituminous, 326 
classification of, 325 
dustless treatment, 328 
estimating consumption, 417 
428 

firing methods, 33S, 340 
lignite, 328 
Codes, 987 
installation, 987 
rating, 987 
testing, 987 


Coefficients of transmission, 5, 
101, 115, 151,580 
basement, 132 
floor, 132 
wall, 132 
coils, 151, 959 
doors, 142 

floors and ceilings, 136, 142 
frame construction, 130, 135 
glass block walls, 142 
masonry partitions, 135 
masonry walls, 134, 135 
over-all, 116 

formulas for calculating, 116, 
128 

roofs, 132, 142 


Coefficients of transmission 

{continued) 

skylights, 142 
windows, 142 


Coil, coils, 521, 529 
air flow resistance, 537 
applications, 535 
arrangement, 530 
construction, 530 
cooling, 699 
direct-expansion, 532 
dry cooling, 151, 699, 867 
flow arrangement, 
heat emiaaion, 537 
heat transfer surface, 151 
performance, 151, 153 
cooling, 151 
dehumidification, 153 
heating, 151 
selection, 539 
cooling, 541 
dehumidifying, 541 
heating, 540 
steam, 531 


classification of, 328 
estimating consumption, 428 
firing methods, 342 
Cold therapy, 242 
Color, piping systems. 22 


Combustion, 325 
air required, 334 
analysis. 209, 334, 361, 363 
chamber, 363 
gas, 345, 360 
heat of, 333 
oil, 361 

principles of, 333 
rates, 369 
smokeless, 341 


Comfort 

air conditiomng, 2 

air conditioning systems. 857. 

chart, 228 
line, 2 
zone, 2 

Commercial oil burners, 357 
Compartment dryer, 916 


Compressor, compressors, 766 
centrifugal, 768 
reciprocating, 766 
refrigeration, t)erformance of 
766 

rotary, 768 
steam jet, 761 
Condensates, 968 
Condensate return pumps, 490 


Condensation 

buildings, 143 
interstitial, 147 
return pumps, 490 
surface, 143 
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Condensers, 769 
air cooled, 769 
design data, 732 
evaporative. 770 
water cooled, 770 
Condition line, 61, 861 


Conductance, 2, 3, 118 
airspace, 118, 123 
building materials, 119 
insulators, 119 
surface, 122, 586 


Conduction, 3, 101, 118 
drying methods, 915 
electric heaters, 607 
equation, 102 

steady -state solutions, 112 


Conductivity, 3. 101, 117 
bat type insulation, 121 
building boards, 119 
building materials, 118 
homogeneous materials, 119 
insulating materials, 121, 126, 
582 

insulation blankets, 121, 126 
insulators, 121, 126, 582 
loose-fill insulation, 122 
masonry materials, 119, 126 
plastering materials, 120, 126 
reflective insulation, 118, 126 
rigid insulation, 121, 127 
roofing construction, 120, 127 
woods, 120, 127 
Conductor, 3 
Conduits for piping, 597 


Control, controls 
actuated, 664 
actuating, 664 
airborne infection, 233 
all year conditioning, 668, 670, 
858 

application, 670 
automatic, 447, 663 
fuel appliances, 357, 663, 666 
temperature, 663 
basic types, 663 
central fan system, 672, 858 
all year system, 663, 857 
heating cycle, 863 
coal fired plant, 666 
cooling units, 670 
dehumidification, 671 
dehydrating equipment, 739, 
944 

designation, 663 
draft, 344 

electric heating, 607, 667 
equipment for motors, 677 
fan, 643 
gas burner, 666 

gas-fired appliances, 364, 666 

heating unit, 666 

hot water supidy, 961 

humidity, railway cars, 930 

indicating, 676 

individual rooms, 664 

limit, M7 

modulating, 663 

motor, 179 

oil burners, 666 

panel heating, 675 


Control, controls {continued) 

pneumatic systems, 663 
rate of biochemical reactions, 
891 

rate of chemical reactions, 
891 

rate of crystallization, 891 
recording, 676 

refrigeration equipment, 671 
compressor type, 671 
ice cooling, 671, 764 
well water, 671 
regain, 888 

residential systems, 666 
room thermostat, 667 
service water temperature, 
961 

single phase motor, 690 
small buildings, 666 
sound, 837 

squirrel-cage motor, 690 
stoker, 356, 666 
system control, 667 
terminology, 663 
two-position control, 663 
unit cooler, 670 
unit heaters, 670 
unit systems, 670 
unit ventilators, 670 
valves, 501, 576, 665 
ventilator, 174 
volume, 800 
zone, 668 
Controllers, 663 
functions, 663 
types, 663 


Convection, 3, 101, 105 
equation, 103 
unit conductances, 104 


Convector, convectors, 3, 521, 
523 

correction factor, 525 
heat emission, 524 
heating effect, 525 
ratings, 524 
Converging vanes, 791 
Conversion 
burners, 357, 365 
equations, 15 
Coolers, 697, 703, 707 


Cooling, 271, 697 
air conditioning units, 697 
atmospheric water, 709, 724 
coil selection, 157, 541 
evaporative, 867 
load, 56, 271, 862 
methods, 457 
performance of coils, 151 
ponds, 713 
residential, 457 
sensible, 867 
spray, 717, 858, 867 
effect of wind, 718, 720 
make-up water, 733 
size of equipment, 709 
winter freezing, 733 
systems, 457, 867, 928 
tower design, 726 
tower performance, 728 
units, 697 

component parts, 698 
control, 704 


Cooling, units {continued) 

definitions, 697 
defrosting, 708 
design, 707 
performance, 707 
ratings, 704 
remote, 699 
types of, 708 
virater, 725 

Copper elbow equivalents, 505 
Core area, 784 


Corrosion, 699, 965 
air ducts, 981 
atmospheric, 980 
cathodic protection, 983 
chimney, 410 

coal storage equipment, 981 
cold water, 976 
flues, 981 
hot w'ater, 977 

industrial exliaust systems, 
907 

minimizing condensate, 978 
pipe, 982 
prevention, 978 
refrigerating systems, 977 
underwater, 975 
Cost of air conditioning, 873 
amortization, 873 
condenser water, 883 
first. 873 

fixed charges, 873 
heating, 884 
installed, 875 
insurance, 879 
maintenance, 879 
owming and oiierating, 873 
rent, 879 
service, 881 
Crack length 

used for computations, 163, 
264 

Crystallization 
control rate of, 892 
Cylinder dryer, 916 


Dalton’s rule, 23, 65 
Damper, dampers, 445, 800, 
857 

Darcy formula, 77 
Decibel, 837 
Definitions, 1 
Defrosting, 708 


Degree-day, 3, 420, 422 

for cities, 422 
formula for, rnetiiod, 421 
operating unit, 430 
unit fuel consumption, 425 
Degree of saturation, 8, 36 


Dehumidification, 713, 735, 861 
air conditioning units, 699 
air vrashere, 713 
coil selection, 157, 539 
comparison of metbcxis, 735 
control, 739 

definitions and methods, 735 
equipment, 739, 741 
fierformance, 739, 741, 945 
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Dehumidification (continued) 

estimating loads, 742 
liquid methods, 740 
ships, 045 
solid methods, 737 
Dehumidifying agents, 735 
sorbents, 735 
absorbents, 735 
adsoriients, 735 
Density of air, 3, 24 
Dew-point 

apparatus temperature, 64, 
861 

flue gas, 346 
temperature. 9, 53 
Diclilorodifluoromethane, 750 


Direct 

expansion coils, 533 
iir^ unit heater, 546 
indirect heating unit, 3 
radiator 7, 521 
return system, 3, 508 
Disc fan, 631 

Distribution of air (eee Air Die- 
tributiofi), 443, 783 


District heating, 505 

automatic control, 606 
glossary of rate terms, 603 
meters, 601 
piping. 505 
conduits for, 597 
inside, 509 

overhead distribution, 500 
sizes, 595 
tunnels, 599 
types of, 597, 599 
rates, 603 

steam retiuircment, 428, 603 
utilization, 604 
Diverging vanes, 791 
Domestic oil burners, 357 
Door, doors 

coefficients of transmission, 
142 

leakage, 162, 165 
natural ventilation, 169 
Down-Feed ^ 
one-pipe riser, 3 
steam heating, 3, 406, 468 
system, 3 


Draft, drafts. 3, 399, 443 
available, 400 
calculations, 390 
control, 344 
factors, 405 
general equation, 400 
head, 4 

meclianical, 300 
natural, 170, 399 
regulation, 344 
requirements, 344 
theoretical, 309 
Drawing symbols, 17 
Drip, drifNi, 4, 407 
Drum dryer, 915 


Dry air. 1, 23 
composition, 179, 333 
density, 24 
filters, 647 


Dry air (continued) 

properties of, 23 
velocity h^d, 814 
Dry-bulb temperature, 0 
Dry cooling coils, 151, 520, 
867 ^ 

Dry return, 8. 461 


Dryer, dryers 
cabinet, 016 
calculations, 018 
compartment, 016 
cylinder, 016 
drum, 016 
rotary, 016 
spray, 017 
tunnel, 017 

Dryer calculations, 018 


Drying. 900 
calculations, 918 
chart, 012 
conduction, 015 
constant rate period, 900 
convection, 016 
control, 025 

estimating methods, 019 
example, 023 
factors influencing, 012 
general rules for, 009 
air circulation, 913 
humidity. Oil 
temperature, 012, 
humidity, 013 
mechanism of, 009 
methods, 914 
conduction, 015 
convection, 915 
radiant, 014 

omissions in the cyde, 911 
radiant, 612, 914 
systems, 000 


Duct, ducts. 433, 443. 807 
air velocities in, 444, 822, 003 
approaches to outlets, 800 
attenuation, 839 
circular equivalents, 811 
construction details, 826, 004 
design, 807, 821, 895, 004 
exhaust design, ^5 
elbow friction losses, 815, 816, 

842 

friction losse^ 807 
heat loss coefficients, 829 
lining. 844, 847 

measurement of velocities, 190 
noise transmitted, 830 
recirculating, 435, 446 
rectangular equivalents of 

round, 811 
resistance, 809, 906 
roughness correction, 810 
side outlets, 802 
sizes, 807 

sound absorbers, 853 
symbols for drawing, 18 
system design, 436, 440, 446, 

on? 


Duct sizes, 807 
air velocities, 446, 822, 004 
equal friction, 824 
general rules, 821 
static regain method, 824 
velocity method, 823 


Dust. 4, 179 
combustible, 187 
concentrations, 182, 185, 186 
determination, 207 
filters, 647,650 
precipitators, 657 


Dust Collectors, 656 
application, 657 
centrifugal, 650 
cinder catching, 660 
cyclone, 659 
dry dynamic, 659 
high dficiency, 650 
electrostatic, 657 
fabric, 658 

factors affecting selection, 656 
settling chambers, 660 
testing methods, 660 
wet, (^8 
centrifugal, 650 
disinte^tor, 650 
dynamic precipitator. 659 
orifice type, 650 
packed tower. 659 
washers. 658 
Dynamic head, 5 


E 


EDR TEquivalent direct radia- 
tion), 7. 381, 472, 476, 478. 
480 

defined, 7, 381, 524 


Effective temperature ''see Tem- 
perature i, 9, 222, 227 
chart, 227 
difference, 863 
index, 225 
Ejector nozzles, 796 
Elbow 

attenuation, 842 
copper e«)uivaleDt8, 505 
friction losses, 477, 504, 906 
iron equivalents, 477, 504 


Electric, electrical 
air conditioning, 609 
boilerh, 010 
control systems, 663 
heaters, 607 
conduction, 607 
gravity convection, 608 
ratiiant, 60S 
heating, 607 
auxiliary', 612 
calculating capacities, 612 
central fan, HOiO 
control, 613 
domestic water, 611 
elements, 607 
induction, 612 
power problems, 613 
resisttrrs, 607 

hot water heating, 610, 611 
panel heating, 620, 627 
precipitators, 650. 657 
radiant heating, 60S 
resistors, 607 
unit heaters, 608 
Electricity static, 892 
Emissivity. 107, 118, 618, 625 
factors, 107, 625 
Enclosed radiator, 523 
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Enthtlnr, 4, 35 
free, 4 

specific, 4, 35 
Entrance loss, 801 
Entropy, 4, 35, 50 
mixing, 50 

Equivalent evaporation, 4 
Esti^ting fud consumption, 

Eupatheoscope, 208, 628 


Evaporative 
condensers, 769 
cooled, unit conditioners, 705 
cooling, 867 
Evaporators, 771 


Excess air, 335, 362, 367 
Exhaust opening, 803, 896 
measurement of velocities, 203, 


Exhaust qrstems, 895 
air flow measurement, 899 
axial velocity formula, 899 
classification of, 895 
corrosion, 907 
duct construction, 904 
duct design, 904 
duct resistance, 906 
duct velocity, 904 
ducts for, 904 
air velocities in, 904 
construction, 904 
design, 904 
resistance, 906 
dust filters, 647, 656 
efficiency of, 906 
hoods, 896 
air flow, 899 
air velocity, 897 
axial \’elocity formula for, 
899 

capture velocities, 897 
chemical laboratories, 902 
design principles, 896 
kitchen, 903 
large open, 901 
lateral exhaust, 902 
low velocity systems, 900 
spray booths, 902 
suction, 897 
velocity contours, 900 
resistance of, 906 
suction requirements, 897 
types of fans, 907 
velocity requirements. 897 


Expansion 

factor, gases, 92 
of pipe, 500, 566 
orifice plates, 87, 88 
tank size, 517 
tanks, 510, 515 
valves, 773 


F 


Fan, fans, 387, 388, 631 
arrangement of drives, 642 
attic, 644 
location, 645 


Fan, fans, attic (continued) 

types, 644 
axial flow, 631 
centrifugid, 631 
characteristic curves, 634 
control, 643 
designations, 641 
efficiency, 6^ 
furnace system, 443 
laws, 632, 633 
motive power, 644 
noise generated, 640, 841 
performance, 6^ 
radial flow, 631 
selection ot, 639 
air conditioning systems, 
889 

industrial exhaust sj^stems, 
907 

speed, 632, 640 
system characteristics, 638 
volume control, 643 
Fanning formula, 77 
Fever therapy, 241 
equipment for production of, 
241 

Film conductance, 115, 122, 124, 
152 

coefficient, 115, 152, 155 


Filter, filters, 388, 647 
air conditioning units, 701 
dry air, 647, 650, 929, 933 
dust, 647 

instflillation, 654, 933 
performance, 651 
selection, 653 
testing, 651 

viscous automatic, 649 
viscous impingement type, 


Fittings. 438, 450, 561 
pipe allowance, 438, 450, 477, 
505 

types of, 438, 450, 568 
Flame temi^erature, 331 
Flexible mountings, 853 
Float trap, 492 
Floor 

cooling unit, 708 
heat transfer coefficients, 137, 
142 

unit heater, 548 
Flow 

coefficients, orifices, 85, S7, 88 
compressible fluids, 81 
critical, 84 
measurement 
liquids, 91 
orifices, 91 
Pitot tube, 95, 199 
steam, 90 
Flow meters, 601 
Flue gas loss. 335, 339 
Fluid flow, 75 
theory, 75 
Fluid meters, 601 
Fog. 4, 180 
Force, 4 
Forced 

air heating system, 443 
circulation pipe sizes, 510 
convection, 101, 151 
Free 

convection, 105 
enthalpy, 4 


Friction loss 
air ducts, 807 
circular pipes, 77 
elbows, 437, 450, 815, 949 
non-circular pipes, 80 
water heating, 504 
water piping, 504, 947 


Fuel, fuels, 325 
burning equipment, 349, 373 
classification, 325, 328, 329 
consumption, 417 
load factor, 431 
maximum demands. 431 
seasonal efficiency, 431 
unit consumption, 425 
utilization, 388 


Fuel oil. 329 
carbon residue. 330 
classification ot, 329 
combustion of, 333, 361 
grade of, 329 

maximum carbon dioxide val- 
ues, 333, 303 

theoretical air requirements, 
332 

viscosity, 330 
Fumes, 4, 179 

Fundamentals, heat transfer, 101 


Furnace, furnaces, 4, 373, 387 
capacity, 390 
casings, 392 
cast iron, 389 
design, 392 
efficiency, 391 
fan, 388 

gas-fired units, 364 
gravitj' warm air, 387 
heating surface. 392 
heavy duty, 388 
materials, 389 
mechanical warm air, 443 
controls, 447 
cooling methods, 457 
cooling system, 459 
fiampers, 445 
ducts, 445 
fans, 388 
filters, 388 

method of designing, 446, 459 
motors, 388 
oil-fired units, 361 
rating, 389, 390 
hteel, 389 

stoker fired units, 350 
typcfi, 387 
volume, 4, 355 


G 


Gage, gages 

draft, 198 
pnsfisure, 7, 198 
Oarage ventilation, 176 


Gas, gases. 180, 184, 188. 329 
atmospheric, 969 
burner controls, 364, 666 
chimneys for heating, 409 
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Gas,^gases (continued) 

clasBification of, 329 
combustion of, 333, 334, 345, 
366 

estimating consumption, 426 
expansion factor, 66 
specific heat, 6 
solubility, 970 


Gaseous fuels 

classification of, 329 
combustion of, 333, 345 
flame temperature, 331 
maximum carbon dioxide val- 
ues, 336 

products of combustion, 331 
properties of, 331 
specific gravity, 331 
theoretical air requirements, 
331,332 


Gas-fired appliances, 364 

boilers, 3M, 384 
combustion process, 333, 345, 
366 

controls, 364, 666 
conversion burners, 666 
furnaces, 373, 666 
measurement of efficiency of 
combustion, 367 
ratings for, 367 
sizing heating plants, 368 
space heaters, 366, 390 


Glass 

coefficient of transmission, 142 
heat absorbent, 303 
shading of, 304 
solar heat transmitted, 298 


Glass block walls 
coefficient of transmission, 142 
solar heat gain, 303 
Globe thermometer, 208, 627, 
629 

Goff diagram, 51, 52 
Graphical symbols for drawings, 
17 

duct work, 18 
heating, 20 
piping, 17 
refrigerating. 21 
ventilating, 20 
Grate area, 5, 383, 391 
Greek alphabet, 14 


Grille, grilles, (see Registers), 
433, 435, 444, 784 
air supply noises, 849 
attenuation, 842 
exhaust. 444, 803, 929 
locations, 798, 804 
door, 804 
floor, 804 
wall, 804 

mechanical furnace systems, 

444 

noises. 795, 803, 849. 850 
railway car, 929 
recirculating, 801, 929 
return, 435, 444, 803, 929 


Grille, grilles (continued) 

selection, 850 
velocity, 803 

Ground t^peratures, 261 


Guarded hot elate, 207 
Gun typo oil burners, 357 


H 


Hangers pipe, 567 


Hartford return connection, 488 


Haj fever symptoms, 243 


Heat, 5 

area transmitting surface, 959 
auxiliary sources, 265, 311 
balance, 336 

combustion, 326, 331, 333 
emission of 
appliances, 312 
occupants, 215, 217, 223, 225, 
310, 616 

exchange measurements, 216 

flow resistance, 107 

flow through roofs, 138-141, 

287- 296 

flow through walls, 133-135, 

288- 296 
gain, 271 

generated by motors, 311 
humid, 5 

inflltmtion equivalent, 308 
instantaneous load, 280 
introduced by outside air, 308 
latent, 5, 264, 271. 280, 861 
liquid, 5 

mechanical equivalent of, 6, 
15 

methods of, transfer, 101 
radiant. 615 

removal, natural ventilation, 
171 

sensible. 5, 263, 280, 861 
factor, 861 
specific, 5 

transfer, 101, 115, 151 
boiler rates, 375 
over-all coefficients, 115, 151, 
521, 960 

surface coils, 540 
symbols, 13, 115 
tiirough building materials, 
115 

water coils, 960 


Heat gain, 280 
appliances, 312 
ceilings, 307 
components of, 307 
ducts, 863 

electrical heating equipment, 
312 

floors, 307 

gas burning equipment, 313 


Heat gain (continued) 

glass, 298 
glass blocks, 303 
infiltration, 308 
instantaneous, 306 
latent, 280, 872 
lights, 311 
moisture, 315 
occupants, 310 
outside air, 309 
partitions, 307 
people, 223, 310 
roof, 288, 292 
sensible, 263, 872 
shaded windows, 304 
solar, 271 

steam heated equipment, 313 
various sources, 266, 316 
ventilation, 308 
wall, 288, 292 


Heat loss 

air change, 263 
bare pipe, 522, 579 
basement, 261 
duct, 829 
infiltration, 263^ 
insulated pipe, 581 
latent, 264 

residence problems, 266 
sensible, 263 

through ceilings and roofs, 
262 

to sky, 282 
transmission, 262 
Heat pump, 765 


Heater, heaters 

direct-fired unit, 545 
electric, 550, 608 
solar water, 962 
unit, 545 

vertical blow unit, 548 


Heating 

air conditioning units, 697 
boilers, 373 
surface, 2, 375 
coil selection, 539 
district, 595 

domestic water by electricty, 
610 

effect, radiator, 525, 526 
electric, 607 
hot water, 610 
load. 249, 380, 863 
performance of coils, 151, 960 
radiant (see Radiant Heat- 
ing), 615 

reversed cycle refrigeration, 
765 

steam systems, 461 
surface, 8 
square foot of, 8 
symbols for drawing, 17 
up the radiator, 528 
vacuum systems, 9, 468 
vapor, 9, 466 

warm air system, 10, 433, 443 
water, 503, 947 

Heavy duty fan furnace, 388 
High duty humidifiers, 716 
Hood, hoods, 896 
IIorseiKiwer, boiler, 2 
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Ho^tal, hospitals 
air conditioning in, 233 
operating rooms, 237, 238 
air conditions, 238 
reducing explosion hazard, 
237 

sterilization of air, 233 
ventilation requirements, 237 


Hot water 

boiler supply load, 381, 947 
coil surface, 959 
demand per 
fixture, 947, 957 
person, 955 
electric heating, 611 
heating surface, 959 
indirect heater, 958 
methods of heating, 956 
panel heating, 615 
radiant heating, 615 
service, 947 

service piping, 949, 954 
solar heaters, 962 
storage tank, 955, 
supply 

TOilers, 374, 609, 957 
piping, 955 

temperature control, 961 


Humidification, 545, 559, 711 
control, 447, 663 
direct, 715 

mechanical furnace systems, 
393 


Humidifier, humidifiers 
air washer, 709 
atomizing, 715 
high duty, 716 
spray, 716 
unit, 545. 559, 716 
Humidify, 5 
Humidistat, 5, 664 


Humidity, 5 
absolute, 5 
control, 664, 930 
influence of, 226, 240 
measurement of, 204 
nurseries for premature in- 
fants, 240 

permissible relative, 144 
ratio, 5, 35 
relative, 5, 66, 861 
Hydraulic radius, 99, 105 
Hygrostat, 5, 664 


Intermittently heated buildings, 
266 

Interstitial condensation, 147 
Isobaric, 5 
Isothermal, 5 


J-K-L 

Joints, duct, 826 


Kata-thermometer, 204, 527 


Latent heat, 5, 264, 861 
loss, 264 

Laws of thcrmo<lynainics. 
Leaders, 433 


Leakage of air, 161 
door, 162. 165. 263, 308 
window, 162, 164 
Light heat gain, 311 
Lignite, 326, 328 
Lint, 648 
Liquid 

absorbents, 740 
heat of, 5 

Lithium chloride, 735 


Hot water heating systems, 5, 503 
circulation head, 513 
classification, 507 
direct return system, 507 
elbow equivalents, 505 
expansion tank, 515 
forced circulation, 504, 511 
friction heads, 504 
gravity, 511 
available head, 503 
circulation, 503 
pressure heads, 503 
installation details, 519 
mechanical circulators, 515 
one-pipe 

forced circulation, 513 
gravity circulation, 513 
orifice friction heads, 509 
pipe sizes, 505 
forced circulation, 503 
gravity circulation, 503 
piping design, 510 
pressure head, 504 
reversed return system, 510 
systems of piping, 507 
two-pipe 
forced, 515 
gravity, 514 
aoning, 519 


Human body 

acclimatization, 220 
adaptation, 217 
cold conditions, 220 
hot conditions, 220 
heat emission, 215, 217, 222, 
310, 616 

high temperature hazards, 219 
metabolic rates, 218, 225 
odors, 215 
temperature, 215 
sone of evaporative regulation. 
216 

Humid heat, 5 


I 


Ice systems, 764 
Impulse trap, 495 
Inch of water, 5 
Induction units, 865 
high pressure types, 865 
low pressure types, 866 


Industrial 

air conditioning, 885 
exhaust systems, 895 
humidities, 886 
process, 885 
temperatures, 886 


Infiltration 

causes, 161 

due to w’ind pressure, 161 
heat equivalent, 263 
heat losses, 263 
latent, 2M 
sensible, 263 

temperature difference, 166 
through outside doors, 165 
263 

through walls, 162 
through windows, 162, 164 
Inflammability, 188, 332 
Inside temperature, 255, 272, 938 
Instruments, 193 


Insulation, 5, 679 
duct, 829, 833 

economical pipe thickness, 501 
gravity furnace duct, 433 
low temperature pipe, 588 
pifie, 579 

pipes to prevent freezing, 589 
ship, 945 
sound, 843 

underground pipe, 593 


Load 

cooling. 60, 271, 862 
design, 6, 271 
heating, 249, 863 
maximum, 6, 380, 381 
refrigeration, 271 


M 

Machine vibration, 853 
Manometer, 0, 197 


Marine heati%, ventilation, air 
conditioning, 937 
dehumidifleation, 944 
factors affecting design, 938 
general consideration, 937 
insulation of hull, 945 
ducts, 946 
refrigeration, 944 
requirements for space, 940 
bakery, 941 
bath. 940 
cargo. 041 
food handling, 941 
galley, 941 
laundry, 941 
living, 940 
machinery, 040 
shower, 940 
storeroom, 941 
toilets, 940 
washroom, 940 
systems, typical, 942 
Mass, 5 
Mb, 506 
Mbh, 506 

Mean radiant temperature, 221, 
615, 623. 075 


Meter, meters, 601 
condensate, 601 
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Meter, meters {continued) 

differential. 6Q2 
flow, 601 

Nioholls’ heat. 208 
oriflce. 89. 602 
selection. 603 
velocity. 602 
venturi. 202 

Metering, liquids, 00, 601 
Metering st^m, 89 
Micromanometera, 198 
Micron, 6 
Mist, 180 
Moist air, 23 
saturation, 49 
volume, 35 


Moisture, 888 
content, 911 

loss per person, 216, 224 
permeability, 146 
regain. 889, 890 
Mol, 6 

Monoflourotricbloromethane, 
747, 751 


Motor, motors, 388, G77 
adjustable speed, 683 
adjustable voltage, 684 
alternating current, 685 
capacitor type, 689 
classification, 678 
compound wound, 681 
constant speed, 681 
control, 681 

control equipment for, 679 
direct current, 680 
electric, 677 
enclosures, 695 
gear, 693 
glossary, 695 
heat generated by, 266 
multi -speed, 688 
polyphase, 685 
rating, 677 

repulsion induction, 689 
series wound, 681 
shunt wound, 680 
single phase, 689 
specifications, 682 
speed characteristics, 681, 686 
split phase, 690 
squirrel cage induction, 690 
synchronous, 687 
wound rotor, 691 
Muitiblade fans, 637 


N 


Natural draft, 399 
towers. 719 

Natural ventilation, 169 
general rules, 175 
heat removal, 171 


Noise, noises, 837 
absorptive iitaterial, 844, 847 
air conditioning system, 838 
air supply ofiening, 849 
apparatus for measuring, 838 
controlling vibration, 853 
cross transmission between 
rooms, 851 


Noise, noises {continued) 

design room level, 840 
duct sound absorbers, 842, 843 
duct system attenuation, 842 
fans, 84f 

gen^ problem, 838 
kinds of. 839 
levela, 783, 840 
loudness, 841 
measurement, 838 
plenum absorotion, 845 
through building construc- 
tion, 853 

transmitted through ducts, 
839 

unit of measunment, 837 
Nossle flow, 83, 85 
Noszle installation, 96 


Nurseries for prenuiture infants, 
239 

air conditioning equipment, 
240 

air conditioning requirements, 
239 


o 


Odors. 183, 213, 215, 246 
human body. 213 


Oil. oUs 

classification of, 329 
combustion of, 333, 361 
estimating consumption, 427 


Oil burners, 357 
boiler settings, 363 
classification, 357 
combustion adjustments, 362 
combustion process, 301 
controls, 364, 666 
domestic, 357 
furnace aesign, 363 
gun type, 357 

measurement of efficiency o 
combustion, 363 
mecliamcal draft, 357 
operating reqtiirements, 361 
rotar>' tyi^e, 358 
vaporizing type. 359 


One-pipe system, 462, 507 
gravity air-vent, 4£S 
hot water, 507 
steam, 6, 461 
supply riser. 6 
unit heater connection, 552 
vapor, 464 


Opening, openings 
air supply noisee, 849 
stacks, 175 
types of, 173 
doors, 173 

roof ventilators. 174 
skylights. 173 
window’s, 173 


Operatii^ rooms. 237 
conditions, 238 

reducing explosion hazard, 237 
sterilization of air in, 239 
Operative temperature, 615 
Orifice 
discharge, 89 
flow, 83, 85 
heating systems, 470 
Orsat apparatus, m 
Outdoor air. 857, 940 


Outlet, outlets 
air supply noises, 849 
ceiling, 796 
duct approaches, 800 
location, 804 
performance, 793, 798 
selection, 798 
side outlets, 802 
sound absorbers, 847 
Outlet locations, 797 
cooling, 805 
heating, 804 

Outside tempemture, 251, 275 
Overhead distribution, 599, 954 
Overhead system, 6, 599 
Oxygen 
chambers, 245 
tents, 245 
therapy, 244 
Ozone, 215 


P 

Panel heating, 615 
calculation principles. 620 
electric, 620 
hot w’ater, 618 
steam, 619 
warm air, 618 
Panel radiator, 6 
Particle size chart, 181 
Per cent of saturation, 49 
Perforated ceilings, 797 
Perforated outlets, 797 
pH value, 967, 970 
rbon, 837 

Physical impurities in air, 215 


Physiological principles, 213, 616 
Pirn coils, 522 
heat emission. 523 
wall, 522 


Pipe, piping, 561 
capacity, 476-482, 506, 947 
coatings, 982 
coil connections, 500 
commercial dimensions. 561 
conduits for, 597 
connection to heating units, 
500 

corrosion, 965 

design, hot water system. 510 
forc^ circulation. 512 
gravity, 511, 512 
one-pi|)e forced circulation, 
513 

one-pipe gravity circulation, 

513 

tw’o-pipe forced circulation, 
515 

two-pipe gravity circulation. 

514 

dimensions. 563 
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Pipe, piping (continued) 

eoonomioal thickneas insula- 
tion, 591 
expansion. 566 
fittings, 561 

fitting equivalent, 477, 505 
flexibility, 566 
hangere, 567 
heat loBses, 579 

hot water heating systems, 
503 

inside dimensions, 562 
insulation prevent freezing, 
589 

leader sizes, 436 
low temperature insulation, 
588 

materials, 561, 982 
overhead distribution, 467, 
599, 954 

refrigerant sizes, 775 
sizes, 471, 504 
high pressure steam, 479 
hot water forced circulation, 
515 

hot water gravity circula- 
tion, 513 

indirect heating units, 486 
low pressure, 477 
maximum velocity, 475, 510 
one pipe riser, 478 
orifice systems, 471 
pressure drop, 478-483, 505 
sub-atmospheric systems, 
486 

tables for, 480 
two-pipe riser, 478 
two-pipe vapor systems, 484 
vacuum systems, 485 
water supply systems. 947 
steam distribution, 461, 595, 
599 

steam heating systems, 461 

supports, 567 

symbols for drawing, 17 

tax, 380, 381 

thread connections, 567 

threads, 567 

tunnels, 599 

underground insulation, 596 
unit beater connections, 462, 
553 

water supply, 947 
Pitot tubes, 95, 200 
Plate cell, 846 
Plenum absorbers, 845 
Plenum cliamber, 6 
Pneumatic control systems, 663 


Pollution of air, 179 
Polyphase motors, 678, 685 
Ponds, 717 
Potentiometer, 6 
Power, 6 

Precipitators, 650, 657 
Pre-cooling, 867 
Preheating, 857 

Premature infant nurfccries, 239 


Pressure 
absolute, 6 
atmospheric, 1 
gages, 167 

loss, water supply piping, 
947 

measurement, 107 
barometer, 108 


Pressure (continued) 

regulators, 486, 598, 664 

static, 7 

taps, 88 

total, 7 

vapor, 7 

velocity, 7 

Prime simaoe (see Heating Bur* 
face), 8 

PropeUer fan, 631 
Protective Coatings, 982 
Psyohrometer, 7. BS 
Peychrometric chart, 226 


Pump, pumps 
condensate return, 490 
' mechanical circulators, 503 
vacuum heating, 490 
controls, 491 

piston displacement, 491 
Pyrometer, 7, 196 
optical, 196 
radiation, 196 


R 


Radial flow fan, 631 
Radiant drying, 914 


Radiant heating, 615 
application methods, 618 
calculation principles, 620 
control, 629 
electric, 620 

fundamental computations, 
617 

hot water, 618 

mean radiant temperature, 
615 

measurement of, 628 
objective, 617 

operative temperature, 616, 
628 

steam, 610 
warm air, 618 
Radiation, 7 
baseboard, 521 
equation, 106 
load, 380 
shape factor, 106 


Radiator, radiators, 7, 521 
baseboard, 521 
codes, 524, 991 
concealed, 523 
connections, 469, 500 
correction factor, 525 
direct, 7 

effect of paint, 526 
enclosed, 528 
gas-fired, 366 
heat emission of, 521 
heating effect, 526 
heating up, 528 
output of, 521 
panel, 6 
ratings, 524 
recessed, 7, 523 
tube, 521 
ty])eB of, 521 
warm air, 366 


Railway air conditioning, 927 
air distribution, 928 
air cleaning, 928 
humidity control, 930 
summer systems, 928 
temperature control, 930 
ventilation, 928 
winter systems, 027 
Reciprocating compressors, 766 
Reoooling, 857 

Rectangular duct equivalents, 
811 

Reducing \alves, 486, 598 
Reflective insulation, 118, 126 


Refrigerant, refrigerants, 7, 747 
ammonia, 747, 752 
dichlorodifluoromethane, 747, 

750 

feeds, 534 

monochlorodifl uoromethane, 

751 

monofluorotrichloromethane, 

754 

pipe sizes, 775 
water, 761 


Refrigeration, 745, 944 
absorption systcniH, 762 
air cycle, 760 
basic concepts, 745 
complex cycles, 750 
condensers (see Condeneere) 
769 

contnil, 772 
definitions, 745 
discharge pressure, 757 
eciuipment selection, 778 
expansion valves, 772 
float valves, 773 
heat pump, 765 
ice systems, 764 
load, 271 
meclianical, 745 
piping, 775 
reverse cycle, 765 
ship, 944 
simple cycle, 753 
steam jet, 761 
suction, 757 

symbols for drawing, 17 
theory, 745 
ton of, 7, 745 

types of cujmpresaors (ste 
CompiesHors), 766 
vapor romj)re9sioii cycle, 753 
water jacket, 757 
Regain, 888 
control of, 880 
hygnjHCopic* matcriaLs, 890 
static, 826 


Register, registers, (aee Grilles), 
435, 436, 444, 784 
air supply noises, 822, 849 
mechanical furnace systems, 

443 

noises, 850 
railway car, 820 
selection, 435, 436, 444, 797 
Reheat, 860, 869 
Reheating, 860, 869 
Rdative humidity, 5, 66 
measurement of, 204 
Repulsion induction motors, 


XX 
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Residence 

control systems, 666 
air conditioning, 663 
coal'fired heating plant, 666 
domestic hot water supply, 

961 

cooling methods, 459 
mvity furnace systems, 433 
heat loss problems, 266 
hot water heating system, 503 
mechanical furnace system, 
443 

steam heating system, 461 
Resistance thermometers, 106 
Resistors, 607 
Return 
grille, 435, 437 
mains, 8, 461, 480. 483, 508 
openings, 435, 446, 803 
Reverse cycle refrigeration, 765, 
766 

Reversed return system, 8, 510 


Roof, roofs 

heat flow through, 139'142, 


time lug of solar radiation, 287, 
291 

ventilators, 174 


Room 

air motion, 783, 793 
contnil, 664 

cross transmission noise, 851 
latent heat, 861 
noise level, 840 
operating, 238 
sensible heat, 861 
Rotary dryer, 916 
Rotary oil burner, 358 
Run-around system, 868 


s 


Saturated air, 1, 49 
Saturation, 8 
degree of, 8, 49 
pressure, 7 
Scale, 965 

cause and prevention, 965, 
969 

closed systems, 971 
heating systems, 972 
high temperature, 972 
open systems, 972 
Secondary air, ^5, 366, 367 
Sectional boiler, 373 
Self-contained 
control systems, 663 
humidiflers, 559 
unit conditioner, 697 
Sensible cooling. 867 
Sensible hea 
321, 861, 
factor, 861 

gain, 271, 309, 312, 315 
Em. 263 

Sheet metal gages, 826 


t,^27l, 280, 312, 316, 


Ship air conditioiiiiig 
Marine), 937 
heating, ^8 
ventilanon, 930 


Ship air conditkaing {continued) 

Shunt wound motors, 680 
Silica gel, 735, 737 
Silicon dioxide, 737 
Single phaah motors, 678, 689 „ 

Slime, 973 

cause and prevention, 973 
formers, 967 
Slotted outlets, 786 
Sludge, 965 

cause and prevention, 969 
Smoke, 8, 179 
abatement, 183, 341 
density measurements, 209 
Smokeless arch. 8 
Smokeless oomoustion, 183, 341 


Solar heat, 280 
absorbed by glass, 301 
altitude, 281 

through shaded windows, 304, 
306 

time lag, 287 
transmission of, 280 
through glass, 294, 298, 299 
through roofs, 292 
through walls, 292 
Solar constant, 8, 281 
Solar radiation. 281 
absorption or, 281 
Solar water heater, 962 
Sol- Air temperature, 284 
Soot, 346 
Sorbents, 735 
absorbents, 740 
adsorbents, 735 


Sound {eee Noiee), 837 
absorbers, 843 
attenuation, 842 
control, 838 

cross transmission between 
rooms, 851 
general problem, 838 
duct absorbers, 843 
isolation, 701 
levels, 7K, 840 
outlet absorbers, 847 
Space heaters, 393 
Specific 

enthalpy, 4, 23, 35, 71, 72 
dry air, 35, 52 
entropy, 4, 24 


heat, 5 
volume, 10 
air, 35 

water vapor, 36 
Split system, 8 
Splitter dampers, 800 


apparatus, 709 
booths, 902 
cooling, 717 
cooling ponds, 717 
cooling towers, 719 
dehumidifier, 713 
distribution, 715 
dryer, 917 
equipment, 709 
generation, 709, 715 
humidifiers, 711, 716 
unit air conditioner, 701 
Spread, air distribution, 791 
Square foot of heating surface, 8 


Squeeze dampers, 445, 800 
Squirrel-cage induction motor, 
678, 690 


Stack, sUcks, 173, 399, 433, 446 
height, 8 
wall. 433, 446 
smoke, 399 


Standard, standards, 987 

air distribution, 783 
atmosphere, 70 
Standard air, 1 
Static 

electricity elimination, 892 
pressure, 7 

Steady flow, energy equation, 70 
enthalpy, 4, 23, 69 
gravitations energy, 69 
neat and shaft work, 69 
kinetic energy, 68 


Steam, 8 
coils, 531 

distribution piping, 595 
estimating consumption, 417, 
428, 603 
flow, 473 

flow measurement, 90 
heated equipment, 313 
heating ssrstems, 461 
condensate return, 461 
connections to units, 500 
control valves, 501 
corrosion, 972 

gravity one-pipe air-vent, 
462 

^vity return, 461 
nigh pressure steam, 465 
mechanical return, 462 
one-pipe vapor, 464 
orifice, 470 
piping for, 461 
sub-atmospheric, 469 
two-pipe vapor, 466 
^'acuum, 468 

jet type of compressor, 761 
meters, 601 
panel heating, 615 
pipe capacities, 476, 478-483, 
947 

properties, 36, 48 
radiant heating, 615 
rates, 603 

reducing valves, 486 
requirements, 428, 603 
runout, 463 
superheated, 8 
table. 36. 48 
traps, 492 

Steel boilers, 374^ 376 
Sterilization of air, 235 


Stoker, stokers 349 

classification of, 349 
combustion adjustments, 354 
combustion process, 351 
controls, 357, 666 
furnace design, 355 
mechanical, 349 
overfeed flat grate, 351 
overfeed inclined grate, 351 
sizing and ratings, 356 
underfeed, 350 
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Sub-atmospherio aystemB, 460 
Summer air oonditioning Bys- 
tem, 271, 467, 867 
Summer oomfort, 222, 228 
Superheated steam, 8 
Supply mains, 8 
Supply openings, 444, 795, 028 
measurement of velocities, 
203 

Supports, pipe, 567 


Surface 

condensation, 143, 588 
conductance, 2, 118, 123, 124 
coefficients, 125, 579, 586 
external pipe, 581 
heating, 8 
extended, 8 

temperature, 196, 392, 581, 622 
Suspended unit heater, 700 


Symbols, 12, 13, 14 
ductwork, 18, 19 
for drawings, 17 
heat transfer, 13, 115 
heating, 20 
piping, 17 
refrigerating, 21 
ventilating, 20 


T 


Tables 

air chan^, 166 
air conditioning temperatures 
and humidities, 886 
air requirements, 215 
air, volume of, 24 
altitude, pressure and temper- 
ature, 71 

anthracite, size, 328 
area flanged fittings, 582 
atmospheric gas, 969 
attenuation 

between grille and room, 
843 

formula, lining board, 846 
in straight ducts, 842 
of elboi^'B, 842 
of branches, 843 
average maximum water main 
temperatures, 712 
black body radiation, 108 
boiler ratings, 376-379 
capacity constants 
blow-through unit heaters, 
540 

draw-through unit heaters, 
549 

carbon dioxide maximum, 336 
ceiling temperature, 258 
circular equivalents of rec- 
tangular ducts, 811 
classification of 
coals, 327 
motors, 678 
water, 066 

climatic conditions, 251, 275 
coal classification, 327 
codes, 087 

combustible elements and 
compounds, 332 
combustion air requirements, 
335 

combustion rates, 382 


Tables (eaniinued) 

condenser design data, 732 
conduction problems, 112 
conductivity materials, 102, 
110,582 

conveying velocity, 903 
cooling coil arrangements, 541 
copper elbow equivalents, 505 
copper tube surface, 581 
corrosion resistance, 907 
degree-days for cities, 422 
design dry- and wet-bulb tem- 
peratures, 251, 257, 272, 
273, 275 

draft requirements of appli- 
ances, 410 

duct attenuation, 842 
duct velocity, 822 
dust concentration, 182, 185, 
186 

elbow attenuation, 842 
emissivity factors, 107 
end reflection, 846 
environmental conditions, lim- 
its, 221 

exhaust pipes for machines, 
898, 900 

exliaust velocities, 897 
fan speed, 640 
fitting dimensions, 509->576 
flame temperature data, 331 
flammability of gases and 
vapors, 188 

flanged fitting surface, 582 
free convection, 104 
friction valves and fittings, 940 
fuel oil properties, 331 
fumes, concentration, 185, 186 
gaseous fuel properties, 332 
heat flow walls and roofs, 294, 
206 

heat gun 
appliances, 312 
glass, 302 
glass blocks, 304 
insulated cold pipes, 589 
heat loss 

bare copper pipe, 580 
bare steel pipe, 580 
correction factors, 524 
pipe coils, 522 

heat transmission coefficients, 
108, 126, 127, 130, 131, 133, 
582, 961 

hot water demand, 948, 955, 
057,603 

hot water pipe sizes, 506, 508 
humidities, industrial air con- 
ditiomng, 886 

infiltration through outside 
doors, 165 

infiltration through walls, 162 
infiltration through windows, 
164 

inflammability, gases, 188 
inside temperatures, 257 
installed cost, 874, 875, 876 
insulation factors, 582 
insulation thickness, 591 
insulation to prevent freezing, 
500 

insulation, underground, 503 
iron elbow equivalents, 505 
life of equipment, 877 
maintenance cost, 870 
maximum allowable concen- 
trations 

dusts, fumes, mists, 185, 186 
dusts, 185, 1^ 
metal gages for ducts, 827, 
005 


Tables (eoniinued) 

meter performance, 040 
minimum outdoor air require- 
ments to remove odors, 215 
moisture content for ma- 
terials, 886 

motor classification, 678 
noise levels, 840 
orifice capacities, 472 
operating hours, 880 
outlet velocities, 547 
owning and operating cost, 878 
panel surface temperature, 626 
particulate matter, size, 182 
permeability to vapor, 146 
physiological response 
to gases and vapors, 184 
to heat, 210 

pipe covering factors, 582 
pipe dimensioiui, 562-565 
pipe fitting dimensions, 569- 
576 

pipe roughness, 810 
pipe surface, 581 
pressure loss 
elbows, 816, 906 
refrigerant line, 775 
return intake, 801 
properties of 
air, 24 

ammonia, 752 
dichlorodifiuuromethane, 

750 

fuel oil, 330 
gaseous fuels, 331 
moist air, 24 
mouochlonxlifl uoro- 
methane, 751 
monofluorotrichloro- 
methane, 754 
steam, 48 
water, 36 

radiation, black body, 625 
radiation factors, 107 
radiator heat loss correction 
factors, 524 
radiator sizes, 522 
rating air conditioning units, 
705 

ratio of siiecific heats, 81 
refrigerant line capacity, 775, 
776 

refrigeration equipment selec- 
tion, 779 

regain of hygroscopic ma- 
terials, 800 

requirements for fuel oil, 330 
return pipe capacities, 480, 483 
screen mesh, 182 
shading effect, 306 
sheet metal gages for ducts, 
827,005 

ship practice, 939 
slime control, 975 
slime formers, 967 
smoko cliart numbers, 200 
sol-air temperature, 286 
solar heater design, 963 
solar radiation, 280, 283 
specific heat of compressible 
fluids, 81 

spray pond design data, 710 
steady-state conduction prob- 
lems, 112 

steam consumption of build- 
ingSf 429 

steam pipe capacities, 470-483 
steam table, 48 

summer design conditions, 
272, 273, 275 
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Tables (eorUiniud) 

temperatures, industrial air 
conditioning, 886 
theoretical air requirements, 
335 

thermal conductivity, 102, 112 
thermal convection conduc- 
tance, 104 

thermodsrnamic properties 
moist air, 24 
water, 36 

transmissivity, glass, 300 
unit conductance, 104 
unit fuel consumption, 426, 
427 

unit heater capacity factors, 
549 

unit ventilator capacities, 556 
velocity, return intake, 801 
ventilation standards, 270 
water cooling effectiveness, 725 
water main temperatures, 712 
water meter peiiormance, 940 
water, properties, 966 
water requirements, 948, 955, 
957 

weight of air, 24 
weights of ducts, 829 , 831 


Tank, tanks 

expansion, 515 
Tax, pi|ie, 380, 381 


Temperature, temperatures 

abrolute, 9 
attic. 259 

automatic control, 606, G63 
basoincnt, 261 

contrcl for railway passenger 
ca',930 

contrr 1 service water, 961 
desigL wet-bulb, 725 
dcsigi. temperature map, 256 
dew-point, 54 
dry-bulb, 9 
drying, 8^, 912 
effective, 9, 222*227, 616 
ground, 261 
hazards, 219 
industrial, 273, 886 
inside, 257, 272, 273, 938 
c^ngs. high, 258 
proper level, 257 
mean radiant, 221, 615 
measurement, 103 
thermocouple, 194 
thermometers, 193 
operative, 615 
outside, &1, 275, 038 
surface, 196, 302, 622 
thermodynamic wet-bulb, 53 
unheated spaces, 260 
water main, 712 
wet-bulb, 9 


Terminology, 1 
Test methods, 103, 087 
Therapy 
cold, 242 
fever, 241 
oxygon, 244 


Thermal 
conductance, 117 
conduction equation, 102 


Thermal (continued) 

conductivity, 102, 117 
convection, 101 
convectioii^equation, 103 
expansion of pipe, 566 
interchanges of body, 215 
radiation equation, 105 
resistance, 7, 110, 126, 127 
resistivity. 8, 119, 126, 127 
steady-state conduction prob- 
lems, 112 

transmittance, 262 
unit conductances for convec- 
tion, 104 

Thermocouples, 194 
Thermodynamics, 23 
air and water mixture, 23 
laws of, 9 

wet-bulb temperature, 54 


Thermometers, 193 
alcohol, 193 
dry-bulb, 193 
globe, 208, 527, 629 
Kata. 204 
mercurial, 193, 527 
resistance, 106 
stem correction, !193 
wet-bulb, 204 


Thermostat, 9, 664 
room, 664 

Time lag through walls and 
roofs, 287 

Ton of refrigeration, 7 
Total heat, 5 
Total pressure, 7 


Tower, towers, 719 
cooling, design, 726 
cooling, performance, 728 
mechanical draft, 721 
natural draft, 719 
selection, 731 
spray cooling, 719 


Transmission 
heat losses, 262 
solar heat, 292 
Transmittance, thermal, 9 
Transportation air conditioning , 
927 


Trap, traps, 492 
automatic return, 496 
bucket, 494 
float, 492 
impulse, 495 
steam, 492 
thermostetic, 492 
tilting, 495 

Traveling-grate stoker, 351 
Treatment of disease, 233 
Tube radiator, 7 
Tunnel dryer, 917 
Tunnels, pipe, 599 
Turning vane, 791, 816 
Two-pii)e system, 9 


u 

Ultra-violet light, 183, 215, 235 


Underfeed stoker, 351 
Underground pipe insulalioii. 
597 

Unheated sfiaoe temperaturaSk 
260 


Unit, units 
air cleaners, 649, 656 
air conditioners, M7 
application, 705 
cooling, 707 
dehumidifying, 702 
filters, 647 
humidifying, 545 
ratings, 704 
tyi)eH of, 697 
air (xxilers, 697, 707 
defrosting, 708 
design, 707 
performance, 707 
ratings, 708 
types of, 708 
air filters, 647 
British thermal, 2 
dehumidificatiou, 702 
direct-indirect beating, 3 
fuel (xmsumption, 426, 427 
heaters, 545 
application, 546 
boiler caiiacity, 554 
capacity factors, 554 
control, 551, 670 
direct-fired, 546 
electric, 550 

piping connections, 552 
ratings, 547, 550 
temperatures, 547, 549 
types of, 545 
humidifiers, 559 
tyfies of, 559 
induction, 865 
noise measurement, 837 
systems, 545, 697 
ventilators, 555 
air exhaust vents, 558 
applications, 557 
caiiacity, 556 
control, 670 
ratings, 555 
window, 559 
Unitary equipment, 545 
delimtions, 545 


V 


Vacuum 
cooling unit, 761 
heating pumps, 468, 490 
control, 491 

piston displacement, 491 
heating system, 9, 461 
down-feed, 466 
unit heater connection, 502, 
552-W 

Vacuum dryer, 915 


Valve, valves, 501, 576 
automatic, 577 
check, 577 
contrm, 501 
expansion, 772 
gate, 575 
globe, 575 

reducing pressure, 486 
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Vane, vanei. 791, 802. 6ia 
.Vaned outlets, 791, 796 < , 


Vapor. Yapora. 180 
beating systems, 9, 466 
unit neater connection, 553 
pressure, 7 

Vaporizing oil burner, 359 
Velocity, 10 
capture, 897 
coil, 701 
conveying, 903 
duct, 822 

exhaust intakes, 801, 897, 903 
hood, 897, 903 
pressure, 6 

reduction method, 823 
return grilles, 801 
unit heater, 647 


Ventilation, 10, 274 
dairy bam, 176 
garage, 176 
hospitals, 240 
natural, 169 
general rules, 175 
passenger bus in summer, 932 
railway passenger car, 929 
ship. 937, 939 
symbols for drawings, 17 
83^tems, 857 
wind forces, 169 


Ventilator, ventilators. 174 
control, 174 
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CHAPTER 1 


TERMINOLOGY 


Glossary of Physical and Heating, Ventilating, Refrigerating 
and Air Conditioning Terms Used in the Text 


Absolute Zero: The zero from which absolute temperature is reckoned. Ap- 
proximately —273.2 C or —459.8 F. 

Absorbent: A sorbent which changes physically or chemically, or both, during 
the sorption process. 

Absorption: The action of a material in extracting one or more substances present 
in an atmosphere or mixture of gases or liquids; accompanied by physical change, 
chemical change, or both, of the sorbent. 

Acceleration: The time rate of change of velocity f.e., the derivative of velocity 
with respect to time. In the cgs system the unit of acceleration is the centimeter per 

(second) (second), in the fps system the unit is the foot per (second) (second) , 

Acceleration Due to Gravity: The rate of gain in velociW of a freely falling body, 
the value of which varies with latitude and elevation. The international gravity 
standard has the value of 980.665 cm per (sec) (sec) or 32.174 ft per (sec) (sec) which 
is the actual value of this acceleration at sea level and about 45 deg latitude. 

Adiabatic: An adjective descriptive of a process such that no heat is added to or 
taken from a substance or system undergoing the process. 

Adsorbent: A sorbent which does not change physically or chemically during the 
sorption process. 

Adsorption: The action, associated with surface adherence, of a material in ex- 
tracting one or more substances present in an atmosphere or mixture of gases and 
liquids unaccompanied physical or chemical change. Commercial adsorbent 
materials have enormous internal surfaces. 

Aerosol: An assemblage of small particles, solid or liouid, suspended in air. The 
diameters of the particles may vary from 100 microns down to 0.01 micron or less, 
e.g. dust, fug, smoke. 

Air Cleaner: A device designed for the purpose of removing air-borne impurities 
such as dusts, gases, vapors, fumes and smokes. (Air cleaners include air washers, 
air filters, electrostatic precipitators and charcoal filters.) 

Air Conditioning: The simultaneous control of all or at least the first three of those 
factors affecting both the physical and chemical conditions of the atmosphere within 
any structure. These factors include temperature, humidity, motion, distribution, 
dust, bacteria, odors and toxic gases, most of which affect in greater or lesser degree 
human health or comfort. {See Comfort Air Conditioning.) 

Air, Dry: In psychrometry, air unmixed with, or containing no, water vapor. 

Air, Saturated: A mixture of dry air and saturated water vapor, all at the same 
dry-bulb temperature. 

Air, Standard: Air with a density of 0.075 lb per cu ft and an absolute viscosity 
of 1.22 X 10"^ lb mass per (ft) (sec). This is substantially equivalent to dry air at 
70 F and 29.92 in. (Hg) barometer. 

Air Washer: An enclosure in which air is drawn or forced through a spray of water 
in order to cleanse, humidify, or dehumidify the air. 

Anemometer: An instrument for measuring the velocity of a fluid. 

Aspect Ratio: In air distribution outlets the ratio of the length of the core of a 
grille, face or register to the width. 

dn rectangular ducts the ratio of the width to the depth. 

Atmospheric Pressure: The pressure due to the weight of the atmosphere. It is 
the pressure indicated by a barometer. Standard Atmospheric Pressure or Standard 
Atmosphere is the pressure of 76 cm of mercury having a density of 13.5951 grams per 
cu cm, under standard gravity of 980.665 cm per (sec) (sec). It is equivalent to 
14.696 lb psi or 29.921 in. of mercury at 32 F. 

Baffle: A surface used for deflecting fluids, usually in the form of a plate or wall. 
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Blast Heater : A set of heat transfer coils or sections used to heat air which is drawn 
or forced through itjby a fan. 

Blow (throw) ; In air distribution, the distance an air stream travels from an outlet 
to a position at which air motion along the axis reduces to a velocity of 50 fpm. 

For unit heaters, the distance an air stream travels from a heater without a per- 
ceptible rise due to temperature difference and loss of velocity. 

Boiler Heating Surface : That portion of the surface of the heat-transfer apparatus 
in contact with the fluid being heated on one side and the gas or refractory being 
cooled on the other, in which the fluid being heated forms part of the^ circulating 
system; this surface shall be measured on the side receiving heat. This includes the 
boiler, water walls, water screens, and water floor. {A,S.M.E, Power Test Codes, 
Series 1929.) 

Boiler Hors^wer: The equivalent evaporation of 34.5 lb of water per hour from 
and at 212 F. This is equal to a heat output of 970.3 X 34.5 » 33,475 Btu per hr. 
British Thermal Unit: Classically the Btu is defined as the quantity of heat 

S ’ red to raise the temperature of 1 lb of water 1 Fahrenheit degree. By this 
tion the exact value depends upon the initial temperature of the water. Several 
values of the Btu are in more or less common use, each differing from the others by a 
slight amount. One of the more common of these is the mean Bin which is defined 
as 1/180 of the heat required to raise the temperature of 1 lb of water from 32 F to 
212 F at a constant atmospheric pressure of 14.696 lb per sq in absolute. 

For most accurate work the International Table (I.T.) Btu is usually used. This 
is defined by the relation: 1 (I.T.) Btu per (^ound) (Fahrenheit degree) * 1 (I.T.) 
calorie per (^am) (Centigrade degree). This value corresponds to the amount of 
heat required to raise the temperature of 1 lb of water 1 Fahrenheit degree at 58 F and 
also at 149 F. The mean Btu corresponds to 1.0008 (I.T.) Btu. 

By-Pass: A pipe or duct, usually controlled by valve or damper, for conveying a 
fluid around an element of a system. 

Calorie (Gram Calorie) : Classically the calorie is defined as the Quantity of heat 
required to raise the temperature of 1 gram of water 1 Centigrade degree. By this 
definition the exact value depends upon the initial temperature of the water. Several 
values of the calorie are in more or less common use, each differing from the others by 
a slight amount. Among these are the 16 C calorie and the 17 \ (J calorie. The mean 
calorie, i.e. 1/100 the quantity of heat required to raise the temperature of 1 gram of 
water from 0 C to 100 C, is also extensively used. 

For the most accurate work the International Table (I.T.) calorie^ defined in terms 
of the international electrical units, is usually used: 1 (I.T.) calorie » 1/860 inter- 
national watt-hour « 3,600/860 international watt-seconds or international joules. 
The kilocalorie » 1,000 cal. 

Central Fan System: A mechanical indirect system of heating, ventilating, or air 
conditioning, in which the air is treated or handled by equipment located outside the 
rooms served, usually at a central location, and is conveyed to and from the rooms by 
means of a fan and a system of distributing ducts. (See Chapter 43.) 

Chimney Effect: The tendency of air or gas in a duct or other vertical passage to 
rise when heated due to its lower density compared with that of the surrounding air 
or gas. In buildings, the tendency toward displacement (caused by the difference in 
temperature) of internal heated air by unheated outside air due to the difference in 
density of outside and inside air. 

Coi^ort Air-Conditioning: The process by which simultaneously the temperaturei 
moisture content, movement and quality of the air in enclosed spaces intended for 
human occupancy may be maintained within required limits. (See Air Condi- 
tioning.) 

Comfort Line: The effective temperature at which the largest percentage of adults 
feels comfortable. 

Comfort Zone {Avertige) : The range of effective temperatures over which the ma- 
jority (50 per cent or more) of adults feel comfortable. (See Chapter 12.) 

Condensate: The liquid formed by condensation of a vapor. In steam heating, 
water condensed from steam; in air conditioning, water extracted from air, as by con- 
densation on the cooling coil of a refrigeration machine. 

Condensation: The process of changing a vapor into liquid by the extraction of 
heat. Condensation of steam or water vapor is effected in either steam condensers 
or in dehumidifying coils and the resulting water is called condensate. 

Conductance. Surface (Unit): The amount of heat transferred by radiation, con- 
duction, and convection from unit area of a surface to the air or other fluid in contact 
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with it, or vice versa, in unit time for a unit difference in temperature between the 
surface and the fluid. The common unit is : Btu per (hour) (square foot) (Fahrenheit 
degree). Symbol /. The temperature of the fluid should be taken in a plane suffi- 
ciently far from the surface that it will not be affected by the temperature of the 
surface. 

Conductance, Thermal: The time rate of heat flow through unit area of a body, of 
given size and shape, per unit temperature difference. Common unit is: Btu per 
(hour) (square foot) (Fahrenheit degree). Symbol C. 

Conduction, Thermal: The {process of heat transfer through a material medium in 
which kinetic energy is transmitted by the particles of the material from particle to 
particle without gross displacement of the particles. 

Conductivity, Thermal: The time rate of heat flow through unit area of a homo- 
geneous substance under the influence of a unit temperature gradient. Common 
units are: Btu per (hour) (square foot) (Fahrenheit degree per inch). Symbol k 

Conductor, Thermal: A material which readily transmits heat by means of 
conduction. 

Convection : The motion resulting in a fluid from the differences in density and the 
action of gravity. In heat transmission this meaning has been extended to include 
both/orcea and natural motion or circulation. 

Convective Heat Transfer: The transmission of heat by either natural or forced 
motion of a fluid (liquid or gas). 

Convector: An agency of convection. In heat transfer, a surface designed to 
transfer its heat to a surrounding fluid largely or wholly by convection. The heated 
fluid may be removed mechanically or by gravity (Gravity Convector). Such a 
surface may or may not be enclosed or concetued. When concealed and enclosed the 
resulting device is sometimes referred to as a concealed radiator. (See also definition 
of Radiator.) (See also Chapter 25.) 

Decibel: A unit used to express the relation between two amounts of power. By 
definition the difference in decibels between two powers Pi and Pt, Pt being the 
larger, is: db difference « 10 logioPt/Pi. 

In acoustics the threshold of hearing at 1,000 cycles per sec has been standardized 
at 10"^* watts per sq cm. If Pt is the power in watts per square centimeter of a 
measured sound, then 10 logio Pf/10~''* is the db difference above the threshold and 
is known as the intensity level. This is a definite recognized way of describing the 
intensity of a sound. 

Declination of Sun : The angle above or below equatorial plane. It is plus if north 
of the plane, and minus if below. Celestral objects are located by declination. 

Degree-Day : A unit, based upon temperature difference and time, used in estimat- 
ing fuel consumption and specifying nominal heating load of a building in winter. 
For any one day. when the mean temperature is less than 65 F, there exists as many 
degree-days as there are Fahrenheit degrees difference in temperature between the 
mean temperature for the day and 65 F. 

Dehumidlfy: To reduce by any process, the quantity of water vapor within a 
given space. 

Dehydrate : To remove water in all forms from matter. Liquid water, hygroscopic 
water, and water of crystallization or water of hydration are included. 

Density: The ratio of the mass of a specimen of a substance to the volume of the 
specimen. The mass of a unit volume of a substance. When weight can be used 
without confusion, as synonymous with mass, density is the weight per unit volume. 

Dew-Point: See Temperature^ Dew-Point. 

Direct-Indirect Heating Unit: A heating unit located in the room or space to be 
heated and partially enclosed, the enclosed portion being used to heat air which 
enters from outside the room. 

Direct-Return System (Hot Water ) : A hot water system in which the water, after it 
has passed through a heating unit is returned to the boiler along a direct path so that 
the total distance traveled bv the water is the shortest feasible, and so that there are 
considerable differences in the lengths of the several circuits composing the system. 

Down-Feed One-Pipe Riser (Steam ) : A pipe which carries steam downward to the 
heating units and into which the condensate from the heating units drains. 

Down-Feed System (Steam ) : A steam heating system in which the supply mains 
are above the level of the heating units which they serve. 

Draft: A current of air. Usually refers to the pressure difference which causes a 
current of air or gases to flow through a flue, chimney, heater or space. 
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Draft Head {Side Outlet Enclosure) : The height of a gravity convector between the 
bottom of the heatina unit and the bottom of the air outlet opening. {Top Outlet 
Enclosure) : The height of a gravity convector between the bottom of the heating 
unit and the top of the enclosure. 

Dri]^ : A pipe, or a steam trap and a pipe considered as a unit, which conducts con- 
densation from the steam side of a piping system to the water or return side of the 
system. 

Dry : To separate or remove a liquid or vapor from another substance. The liquid 
may be water but the term is also used for the removal of liquid or vapor forms of 
other substances. 

Dust: An air suspension (aerosol) of solid particles of any material. (See also 
Chapter 10.) 

Element Electric Heating. A unit assembly consisting of a resistor, insulated sup- 
ports, and terminals for connecting the resistor to electric power. 

Enthalpy: A term used in lieu of total heat or heat content. Expressible in Btu per 
pound. Mathematically defined as h « u + pv/J, When a change occurs at con- 
stant pressure, as when water is boiled, the change in enthalpy is equal to the heat 
added, in this case latent heat. 

Enthalpy, Free: A thermodynamic property which serves as a measure of the 
available energy of a system with respect to surroundings at the same temperature 
and same pressure as that of the system. No process involving an increase in avail- 
able energy can occur spontaneously. 

Enthalpy, Specific: A term sometimes applied to enthalpy per unit weight, the 
English unit being Btu per pound. 

Entropy: The ratio of the heat added to a substance to the absolute temperature 
at which it is added. Mathematically, for a reversible process, dS » aQ/T or 
S = fdQ/T, 

These formulas are applicable when temperature is not constant. During a re- 
versible adiabatic change entropy is constant. During a reversible isothermal 
change the heat absorbed by the substance is equal to the product of the absolute 
temperature of the substance and its change of entropy. 

Entropy, Specific: A term sometimes applied to entropy per unit weight, the 
English unit being Btu per (Fahrenheit degree, absolute) (pound). 

Equivalent Evaporation: The amount of water a boiler would evaporate, in pounds 
per hour, if it received feed water at 212 F and vaporized it at the same temperature 
and coresponding atmospheric pressure. 

Fan Furnace System: See Warm Air Heating System. 

Fog: Suspended liquid droplets generated by condensation from the gaseous to the 
liquid state or by breaking up a liquid into a dispersed state, such as by splashing, 
foaming, and atomizing. (See also Chapter 10.) 

Force: The action on a body which tends to change its relative condition as to 
rest or motion. 

Fumes : Smoke; aromatic smoke; odor emitted, as of flowers; a smoky or vaporous 
exhalation, usually odorous, as that from concentrated nitric acid. The word fumes 
is so broad and inclusive that its usefulness as a technical term is very limited. Its 
principal definitive characteristic is that it implies an odor . The terms vapor , smoke , 
fog, etc., which can be more strictly defined, should be used whenever possible. 

Also defined as solid particles generated by condensation from the gaseous state, 
generally, after volatilization from molten metals, etc., and often accompanied by a 
chemical reaction such as oxidation. Fumes flocculate and sometimes coalesce. 
(See also Chapter 10.) 

Furnace: That part of a boiler or warm air heating plant in which combustion 
takes place. Also a complete heating unit for transferring heat from fuel being 
burned to the air supplied to a heating system. 

Furnace Volume {Total) i The total furnace volume for horizontal -return tubular 
boilers and water-tube boilers is the cubical contents of the furnace between the grate 
and the first plane of entry into or between tubes. It therefore includes the volume 
behind the bridge wall as in ordinary horizontal-return tubular boiler settings, unless 
manifestly ineffective (z.e., no gas flow taking place through it), as in the case of 
waste-heat boilers with auxiliary coal furnaces, where one part of the furnace is out 
of action when the other is being used. For Scotch or other internally fired boilers 
it is the cubical contents of the furnace, flues and combustion chamber, up to the 
plane of first entry into the tubes. {A J3.M,E. Power Test Codes, Series 1929.) 
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Grate Area: The area of the grate surface, measured in square feet, to be used in 
estimating the rate of burning fuel. This area is construed to mean the area meas- 
ured in the plane of the top surface of the grate, except that with special furnaces, 
such as those having magazine feed, or special shapes, the grate area shall be the 
mean area of the active part of the fuel bed taken perpendicular to the path of the 
gases through it. For furnaces having a secondary grate, such as those in double- 
grate down draft boilers, the effective area shall be tal^en as the area of the upper 
grate plus one-eighth of the area of the lower grate, both areas being estimated as 
previously defined. 

Gravity, Specific: The ratio of the mass of a unit volume of a substance to the 
mass of the same volume of a standard substance at a standard temperature. Water 
at 39.2 F is the standard substance usually referred to. For gases, dry air, at the 
same temperature and pressure as the gas, is often taken as the standard substance. 

Gravity Warm Air Heating System: See Warm Air Heating System. 

Head, D 3 rnamic: Same as Total Pressure expressed in height of liquid. 

Heat : The form of energy that is transferred by virtue of a temperature difference. 
At constant pressure heat added is equal to enthalpy change. 

Heat, Humid : Ratio of increase of enthalpy per pound of dry air to rise of tem- 
perature under conditions of constant pressure and constant humidity ratio. 

Heat, Latent: A term used to express the energy involved in a change of state. 

Heat, Sensible : A term used in heating and cooling to indicate any portion of heat 
which changes only the temperature of the substances involved. 

Heat of the Liquid: The increase in enthalpy per unit weight of a saturated liquid 
as its temperature increases from a chosen base temperature. For water the base 
temperature is usually taken as 32 F. 

Heat, Specific: The heat absorbed (or given up) by a unit mass of a substance 
when its temperature is increased (or decreased) by 1 de^. Common Units : Btu per 
(pound) (Fahrenheit degree), calories per (gram) (Centigrade degree). For gases, 
both specific heat at constant pressure (Cp) and specific heat at constant volume (Cv) 
are frequently used. In air-conditioning, Cp is usually used. 

Heat, Total: See Enthalpy. 

Heat Transmission, Coefficient: Any one of a number of coefficients used in the 
calculation of heat transmission by conduction, convection, and radiation, through 
various materials and structures. (See thermal conductance, thermal conductivity, 
thermal resistance, thermal resistivity, thermal transmittance, etc.). 

Heater, Electric: A complete assembly of heating elments with their enclosure 
ready for installation in service. 

Hot Water Heatliy System: A heating system in which vrater is used as the me- 
dium by which heat is carried from the boiler to the heating units. 

Humidify: To increase, by any process, the density of water vapor within a given 
space. 

Humidistat: A regulatory device, actuated by changes in humidity, used for the 
automatic control of relative humidity. 

Humidity: Water vapor within a given space. 

Humidity, Absolute: The weight of water vapor per unit volume, pounds per 
cubic foot or grams per cubic centimeter. 

Humidity, Relative: The ratio of the actual partial pressure of the water vapor 
in a space to the saturation pressure of pure water at the same temperature. (See 
discussion in Chapter 3.) 

Humidity Ratio: In a mixture of water vapor and air, the weight of water vapor 
per pound of dry air. Also called Specific Humidity. 

Humidity Specific: See Hunudity Ratio. 

Hygrostat: Same as Humidistat. 

Inch of Water: A unit of pressure equal to the pressure exerted by a column of 
liquid water 1 in. high at a standard temperature. The standard temperature is 
sometimes taken as 0 C and sometimes as 62 F. One inch of water at 62 F » 5.197 lb 
per sq ft. 

Insulation {Thermal ) : A material having a relatively high resistance to heat fiow, 
and used principally to retard the flow of heat. 

Isobaric: An adjective used to indicate a change taking place at constant pressure. 

Isothermal: An adjective used to indicate a change taking place at constant 
temperature. 



6 


CHAPTER 1 


1949 Guide 


Load» Bsttnuited Design: In a heating or cooling system, the sum of the useful 
heat transfer plus heat transfer from or to the connected pipi^ plus heat transfer 
occurring in any auxiliary apparatus connected to the system . l^e units are Btu per 
hour or, in heating, equivalent direct radiation (EDR; which is becoming obsolete. 

Load, Estimated Maximum : In a heating or cooling system, the calculated maxi- 
mum heat transfer that the system will be called upon to provide. 

Manometer : An instrument for measuring pressures ; essentially a U-tube partially 
filled with a liquid, usually water, mercury, or a light oil, so constructed that the 
amount of displacement of the liquid indicates the pressure being exerted on the 
instrument. 

Mass : A measure of the inertia of a body. It also measures the quantity of matter 
in a body. Since the only general property of a given portion of matter that cannot 
be changed is its inertia, it is this property by which quantities of matter are defined. 
Two bodies which have equal inertias are said to have equal masses or to contain 
equal quantities of matter. (This definition fails at velocities approaching the veloc- 
ity of light.) The mass of a body is numerically equal to the ratio of the force re- 
quired to give the body a given acceleration to the acceleration, m » F/a. The 
common units of mass are the gram and the pound. 

Mechanical Equivalent of Heat: The quantity of mechanical energy equal to one 
unit of heat. J « 778.3 ft-lb per Btu — 4.187 X 10^ ergs per gram-calorie. 

Medium, Heating: A substance such as water, steam, air or furnace gas used to 
convey heat from the boiler, furnace or other source of heat or energy to the heating 
unit from which the heat is dissipated. 

Micron: A unit of length, the thousandth part of 1 mm or the millionth of a meter. 

Millimeter of Mercury: A unit of pressure equal to the pressure exerted by a 
column of mercury 1 mm high at a temperature of 0 C. One millimeter of mercury 
at 0 C " 1.934 X 10^ psi. 

Mol: A weight of a substance numerically equal to its molecular weight. If the 
weight is in pounds the unit is a Pound MoL in grams the unit is a Oram Mol, For 
perfect gases the volume of 1 mol is constant tor all gases at the same temperature and 
pressure. For real gases this is approximately true at moderate pressures. At 32 F 
and zero-pressure the value of the product, pressure times specific volume, is 359.045 
:h 0.006 atmosphere cubic feet (atm ft*) ^ /or 1 mol of any gas. For dry air at 32 F and 
standard atmospheric pressure, the specific volume is 358.83 cu ft per mol (ft* per mol). 

One-Pipe Sui^ly Riser — {Steam ) : A pipe which carries steam vertically to a heat- 
ing unit and which also carries the condensate from the heating unit. In an upfeed 
system steam and condensate flow in opposite directions ; in an overhead or down -feed 
system they flow in the same direction. 

One-Pipe System— (<S^cam) : A steam heating system in which a single main serves 
the dual purpose of supplying steam to the heating unit and conveying condensate 
from it . Ordinarily to each heating unit there is but one connection which must serve 
as both the supply and the return, although separate supply and return connections 
may be used. (Hot Water) — A hot water system in which the cooled water from the 
heating units is returned to the supply main. Consequently, the heating units far- 
thest from the boiler are supplied with cooler water than those near the boiler in the 
same circuit. 

Overhead System: Any steam or hot water system in which the supply main is 
above the heating unit. In a steam system the return must be below the heating 
units; in a water system the return may be above or below the heating units. 

Panel Heating: A heating system in which heat is transmitted by both radiation 
and convection from panel surfaces to both air and surrounding surfaces. 

Panel Radiator: A heating unit placed on or flush with a flat wall surface and in- 
tended to function essentially as a radiator. 

Plenum Chamber: An air compartment maintained under pressure and connected 
to one or more distributing ducts. 

Potentiometer: An instrument for comparing small electromotive forces or for 
measuring small electromotive forces by comparison with a known electromotive 
force. Its principal advantage is that during the measurement no current flows 
through the source of electromotive force. . 

Power: The rate of performing work. Common units are horsepower, Btu per 
hour, and watts. 

Pressure: Force per unit area. Common units are pounds per square inch, gram 
per square centimeter, inch of water, millimeter of mercury. 

Pressure, Absolute: The sum of the gage pressure and the barometric pressure. 
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Pressure, Gage: Pressure measured from atmospheric pressure as a base. Gage 
pressure may be indicated by a manometer which has one leg connected to the pres* 
sure source and the other exposed to atmospheric pressure. 

Pressure, Djrnamlc: Same as Total Pressure. 

Pressure, Saturation : The saturation pressure for a pure substance for any given 
temperature is that pressure at which vatior and liquid oi; vapor and solid can co-exist 
in stable equilibrium. 

Pressure, Static : The normal force per unit area that would be exerted by a moving . 
fluid on a small body immersed in it if the body were carried along with the fluicT 
Practically, it is the normal force per unit area at a small hole in a wall of the duct 
through which the fluid flows (piezometer) or on the surface of a stationary tube at a 
point where the disturbances created by inserting the tube cancel. It is supposed 
that the thermo-dynamic properties of a moving fluid depend on static pressure in 
exactly the same manner as those of the same fluid at rest depend upon its uniform 
hydrostatic pressure. 

Pressure, Total: In the theory of the flow of fluids; the sum of the static pressure 
and the velocity pressure at the point of measurement. 

Pressure, Vapor: The pressure exerted by a vapor. If a vapor is kept in confine- 
ment over its liquid so that the vapor can accumulate above the liquid, the tempera- 
ture being held constant, the vapor pressure approaches a fixed limit called the maxi- 
mum, or saturated, vapor pressure, dependent only on the temperature and the liquid. 
The term vapor pressure is sometimes used as synonymous with saturated vapor 
pressure. 

Pressure, Velocity : In a moving fluid, the pressure capable of causing an equivalent 
velocity if applied to move the same fluid through an orifice such that all pressure 
energy expended is converted into kinetic energy. 

Psychrometer: An instrument for ascertaining the humidity or hygrometric state 
of the atmosphere. 

Psychrometric: Pertaining to psychrometry or the state of the atmosphere with 
reference to moisture. 

Psychrometry : The branch of physics relating to the measurement or determination 
of atmospheric conditions, particularly regarding the moisture mixed with the air. 

Pyrometer: An instrument for measuring high temperatures. 

Radiant Heating: A heating system in which only the heat radiated from panels is 
effective in providing the heating requirements. The term Radiant Heating is fre- 
quently used to include both Panel and Radiant Healing. 

Radiation: The transmission of energy by means of electromagnetic waves.' 

Radiation, Thermal (Heat) Radiation: The transmission of energy by means of 
electromagnetic waves of very long wave length. Radiant energy of any wave length 
may, when absorbed, become thermal energy and result in an increase in the tempera- 
ture of the absorbing body. 

Radiation, Equivalent Direct (EDR) : A unit of heat delivery of 240 Btu (Steam) 
or 150 Btu (Water) per hour. It does not imply 144 sq in. of surface. 

Radiator: A heating unit exposed to view within the room or space to be heated. 
A radiator transfers heat by radiation to objects within visible range and by conduc- 
tion to the surrounding air which in turn is circulated by natural convection; a so- 
called radiator is also a convector but the term radiator has been established by long 
usage. 

Radiator, Concealed: A heating device located within, adjacent to, or exterior to 
the room being heated but so covered or enclosed or concealed that the heat transfer 
surface of the device, which may be either a radiator or a convector, is not visible from 
the room. Such a device transfers its heat to the room largely by convection air 
currents. 

Radiator, Direct: Same as Radiator. 

Radiator, Recessed: A heating unit set back into a' wall recess but not enclosed. 

Radiator, Tube or Tubular: A heating unit used as a radiator in which the heat 
transfer surfaces are principally tubes. 

Refrigerant: A substance which produces a refrigerating effect by its absorption 
of heat while expanding or vaporizing. 

Refrigeiation, Ton of: The removal of heat at a rate of 200 Btu per min, 12,000 
Btu per nr, or 288,000 Btu per 24 hr. 

Resistance, Thermal: The reciprocal of thermal conductance. Synibol R. 
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Resistor* Electric: A material used to produce heat by passing an electric current 
through it. 

Resistivity* Thermal: The reciprocal of thermal conductivity. Symbol r. 

Return* Dry : A return pipe in a steam heating system which carries both water of 
condensation and air. The dry return is above the level of the water line in the boiler 
in a gravity system. (See Return^ Wet.) 

Return* Wet: That part of a return main of a steam heating system which is filled 
with water of condensation. The wet return usually is below the level of the water 
line in the boiler, although not necessarily so. (See Return^ Dry.) 

Return Mains : Pipes or conduits which return the heating or cooling medium from 
the heat transfer unit to the source of heat or refrigeration. 

Reversed-Retum System: A system in which the heating or cooling medium from 
several heat transfer units is returned along pat^ arranged so that all circuits com- 
posing the system or composing a major sub-division of it are of practically equal 
length. 

Raites Aiati^f equivalent sound absorption equal to the equivalent absorption 
of one sqiasPB loot of a surface of unit absorptivity [i.e., of one square foot of surface 
which ahiffhaaU iaeideat sound energy). 

Satuxattoo: The condition for co-existence in stable eouilibrium of a vapor and 
liquid or a vapor and solid phase of the same substance. Example : Steam over the 
water from which it is being generated. 

Saturation, Degree of : The ratio of the weight of water vapor associated with a 
pound of dry air to the weight of water vapor associated with a pound of dry air 
saturated at the same temperature. 

Smoke: An air suspension (aerosol) of particles, usually but not necessarily solid, 
often originating in a solid nucleus, formed from combustion or sublimation. Also 
defined as carbon or soot particles less than 0.1 micron in size which result from the 
incomplete combustion of carbonaceous materials such as coal, oil, tar, and tobacco. 

Smokeless Arch: An inverted baffle placed in an up-draft furnace toward the rear 
to aid in mixing the gases of combustion and thereby to reduce the smoke produced. 

Solar Constant: The solar intensity incident on a normal surface located outside 
the earth’s atmosphere at a distance from the sun equal to the mean distance between 
the earth and the sun. Its value is 415, 445, or 430 Btuper (hr) (sq foot) as the July, 
January, or mean value respectively. At sea level in July the solar intensity value 
is about 300 Btu per (sq ft) (hr) since about 28 per cent is absorbed in the earth’s 
atmosphere. 

Sorbent: A material which extracts one or more substances present in an atmos- 
phere or mixture of gases or liquids with which it is in contact, due to an affinity for 
such substances. 

Sorption: Adsorption or absorption. 

Split System : A system in which the heating is accomplished by means of radiators 
or convectors supplemented by mechanical circulation of air (heated or unheated) 
from a central point. Ventilation may be provided by the same system. 

Sj[uare Foot of Heating Surface {Equivalent) i This term is synonymous with 
Equivalent Direct Radiation (EDR). 

Stack Height: The height of a gravity convector between the bottom of the 
heating unit and the top of the outlet opening. 

Steam : Water in the vapor phase. Dry Saturated Steam is steam at the saturation 
temperature corresponding to the pressure* and containing no water in suspension. 
Wet Saturated Steam is steam at the saturation temperature correspondin|c to the pres- 
sure, and containing water particles in suspension. Superheated Steam is steam at a 
temperature higher than the saturation temperature corresponding to the pressure. 

Steam Heating System: A heating system in which heat is transferred from the 
boiler or other source of heat to the heating units by means of steam at, above, or 
below atmospheric pressure. 

Steam Trap: A device for allowing the passage of condensate, or of air and con- 
densate and preventing the passage of steam. 

Supply Mains: The pipes through which the heating medium flows from the boiler 
or source of supply to the run-outs and risers leading to the heating units. 

Surface* Heating : The exterior surface of a heating unit. Extended heating^ surface 
{or extended surface) : Heating surface consisting of fins* pins or ribs which receive heat 
by conduction from the prime surface. Prime Surface: Heating surface having the 
heating medium on one side and air (or extended surface) on the other. (See also 
Boiler Heating Surface.) 
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Temperature: The thermal state of matter with reference to its tendency to com- 
municate heat to matter in contact with it. If no heat flows upon contact, there is 
no difference in temperature. 

Temperature, Absolute: Temperature expressed in degrees above absolute zero. 

Temperature, Dry-Bulb : The temperature of a gas or mixture of gases indicated 
by an accurate thermometer after correction for radiation. 

Temperature, Dew-Point: The temperature at which the condensation of water 
vapor in a space begins for a given state of humidity and pressure as the temperature 
of the vapor is reduced. The temperature corresponding to saturation (100 per cent 
relative humidity) for a given absolute humidity at constant pressure. 

Temperature, Effective : An arbitrary index which combines into a single value the 
effect of temperature, humidity, and air movement on the sensation of warmth or 
cold felt by the human body. The numerical value is that of the temperature of still, 
saturated air which would induce an identical sensation. 

Temperature, Wet-Bulb: Thermodynamic wet-bulb temperature is the tempera- 
ture at which liquid or solid water, by evaporating into air, can bring the air to 
saturation adiabatically at the same temperature. Wet-bulb temperature (without 
qualification) is the temperature indicated by a wet-bulb psychrometer constructed 
and used according to specifications. (A.S.M.E. Power Test Codes, Series 1932, 
Instruments and Apparatus, Part 18.) 

Thermodynamics, Laws of: Two laws upon which rest the classical theory of 
thcrmodvnamics. These laws have been stated in many different, but equivalent 
ways. The First Law : (1 ) When work is expended in generating heat, the quantity of 
heat produced is proportional to the work expended; and conversely, when heat is em- 
ployed in the performance of work, the Quantity of heat which disappears is propor- 
tional to the work done. (Joule)* (G.P.)^; (2) If a system is caused to change from an 
initial state to a final state by adiabatic means only, the work done is the same for all 
adiabatic paths connecting the two states. (Zemansky); (3) In any power cycle or 
refrigeration cycle the net heat absorbed by the working substance is exactly equal to 
the net work done. The Second Law (1) It is impossible for a self-acting machine, un- 
aided by any external agency, to convey heat from a body of lower to one of higher 
temperature. (Clausius) (O.P.) ; (2) It is impossible to derive mechanical work from 
heat taken from a body unless there is available a body of lower temfjerature into 
which the residue not so used may be discharged (Kelvin) (G.P.) ; (3) It is impossible 
to construct an engine that, operating in a cycle, will produce no effect other than the 
extraction of heat from a reservoir and the performance of an equivalent amount of 
work (Zemansky). 

Thermostat: An instrument which responds to changes in temperature and which 
directly or indirectly controls temperature. 

Transmittance, Thermal: The time rate of heat flow, from the fluid on the warm 
side to the fluid on the cold side, per (square foot) (degree temperature difference be- 
tween the two fluids). Sometimes called Over-all Coefficient of Heat Transfer, 

Common unit is Btu per (hour) (square foot) (Fahrenheit degree). S^mibol U . 

Two-Pipe System {Steam or li’afcr) : A heating system in which one pipe is used for 
the supply of the heating medium to the heating unit and another for the return of the 
heating medium to the source of heat supply. The essential feature of a two-pipe 
system is that each heating unit receives a direct sui)ply of the heating medium which 
medium cannot have served a preceding heating unit. 

Up-Feed System: A heating system in which the supply mains are below the level 
of the heating units which they serve. 

Vacuum Heating System: A two-pipe steam heating system equipped with the 
necessary accessory apparatus which will permit operating the system below atmos- 
pheric pressure when (iesired. 

Vane Ratio: In air distributing devices the ratio of depth of vane to shortest open- 
ing width between two adjacent grille bars. 

Vapor; The gaseous form of substances which are normally in the solid or liquid 
state and wdiich can be changed to these states either by increasing the pressure or 
decreasing the temperature. Vapors diffuse. (A.aS.A. definition.) 

Vapor Heating System : A steam heating system which operates under pressures at 
or near atmospheric and which returns the condensate to the boiler or receiver by 
gravity. Vapor systems have thermostatic traps or other means of resistance on the 


• Names of authors who first stated law ore given in pnrenthem. 

From (jlossary of Physios, by l^eHoy Doughty Weld, (MoGraw-HiU, IC37) 
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return ends of the heating units for preventing steam from entering the return mains; 
they also have a pressure-equalizing and air-eliminating device at the end of the dry 
return. 

Velocity: A vector quantity which denotes at once the time rate and the direction 

of a linear motion. F = . For uniform linear motion V = -r- Common units 

at t 

are: feet per second. 

Ventilation: The process of supplying or removing air, by natural or mechanical 
means, to or from any space. Such air may or may not have been conditioned. (See 
Air Conditioning.) 

Volume, Specific: The volume of a substance per unit mass; the reciprocal of 
density. Units : cubic feet per pound, cubic centimeters per gram, etc. 

Warm Air Heating System: A warm air heating plant consists of a heating unit 
(fuel-burning furnace) enclosed in a casing, from which the heated air is distributed to 
the various rooms of the building through ducts. 

Warm Air Heating System, Gravity: A warm air heating system in which the 
motive head producing flow depends on the difference in w^eight between the heated 
air leaving the casing and the cooler air entering the bottom of the casing. 

Warm Air Heating System, Mechanical: A w^arm air heating system in which cir- 
culation of air is effected by a fan. Such a system may include air cleaning devices. 



CHAPTER 2 


ABBREVIATIONS AND SYMBOLS 

« 

Standard Abbreviations; Standard Symbols; Greek Alphabet; Conversion Equations; 
Graphical Symbols for Piping, Ductwork, Heating and Ventilating, 
Refrigerating; Identification of Piping by Color; Specific Heat Table 

T his chapter contains information regarding abbreviations, symbols, 
and conversion equations, which are of particular interest to the engi- 
neer engaged in heating, ventilating, and air conditioning. 

ABBREVIATIONS 

Abbreviations are shortened forms of names and expressions employed 
in texts and tabulations and should not generallj^ be used as symbols in 
equations. Most of the following abbreviations have been compiled from 
a list of approved standards'. In general the period has been omitted in 
all abbreviations except where the omission results in the formation of an 
p]nglish word. Additional abbreviations applying to individual chapters 
will be found at the end of Chapters 3, 4, 5, 7, 15, IG, 39, and 41 . 


Absolute abs 

Air horsepower air hp 

Alternating-current (as adjective) .a-c 

Ampere, amp 

Ampere-hour . amp-hr 

Atmosphere , ... atm 

Average . .... avg 

Avoirdupois avdp 

Harometer . ... bar. 

Boiling point bp 

Brake horsepower. . . . bhp 

Brake horsepower-hour . . bhp-hr 

British thermal unit . .... Btu 

British thermal units per hour . . Btuh 

Calorie ... ... . . cal 

Centigram. .. eg 

Centimeter.. cm 

Centimeter-gram-second (system) .. cgs 

Cubic cu 

Cubic centimeter ... cu cm or cc 

Cubic foot cu ft 

Cubic feet per minute cfm 

Cubic feet per second.. . cfs 

Decibel db 

Degree* deg or ® 

Degree, Centigrade C 

Degree, Fahrenheit F 

Degree, Kelvin K 

Degree, R(5aumur R 

Diameter diam 


> AliLr(>vi:iti('iis for ScMcntifir uiul KnKiiU'uriiiff Terms, /10 l -Um (Ann'rican Standards Association). 

* It is rmmuneridiHl that the abbreviation for the U»iuperatu re scale, 1', K, R, be inchuieil in oxpre.^- 
sions for numerical temperatures but, wherever feasible, the abbreviation for dearee be omitted; as U8 K. 
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Thermal conductance per unit area, Unit conductance: heat transferred per 
(unit time) (unit area) (degree) 


r ^ = — « t 

* A RA A{,ti - h) L 

Thermal conductivity : heat transferred per (unit time) (unit area) (degree per 

unit length) " k 


± 

k - 

(U - h) 

... .... 

Surface coefficient of heat transfer, Film coefficient of heat transfer, Individual 
coefficient of heat transfer: heat transferred per (unit time) (unit area) 
(degree) / 


A 


ti - t-2 

(In general/ is not equal to k/Ly where L is the actual thickness of the fluid film.) 

Over-all coefficient of heat transfer, Thermal transmittance per unit area: heat 

transferred per (unit time) (unit area) (degree over-all) AJ 




1 

A 


h - h 


Thermal transmission (heat transferred per unit time) 



Thermal resistance (degree per unit of heat transferred per unit time; 


<1 


H 


It = 



kA 


Thermal resistivity . . A/ k 

Vaporization values at constant pressure, Differences between values for satu- 
rated vapor and saturated liquid at the same pressure Subscript u 

V 


Velocity. . 

Viscosity, absolute 
Viscosity, kinematic . 


.V 

m/p 


Volume (total) .... .. V 

Volume per unit time, Rate at which quantity of inatcirial passes through a 
machine, Quantity of heat per unit time, Quantity of heat per unit weight. 
Weight of a major item. Total weight . ... .... 

Weight rate. Weight per unit of power. Weight per unit of time 

Work (total) 

THE GREEK ALPHABET 


A a 

Alpha 

1 1 Iota 

pp 

Rho 

B|8 

Beta 

K K Kappa 

X o s 

Sigma 

I’v 

Gamma 

A X Lamdba 

T T 

Tau 

A5 

Delta 

M/x Mu 

Ti; 

Upsilon 

Ec 

Epsilon 

. N V Nu j 

^ ip 6 Phi 

55 f 

Zeta 

' E f Xi ^ ' 

Xx 

Chi 

H 71 

Eta 

0 0 Omicron 


Psi 

e 

Theta 

! II IT Pi ; 

il (0 

Omega 


=58 ^-5 
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CONVERSION 

Heat, Power and Work 

1 ton refrigeration 

Latent iieat of ice * 

1 Btu 

J lilt, wattliour 

I Int. kilowatthdiir 

1 Int. kilowatt (1000 wattsj 

KKX) I.T. calories \ 

1 I. T. Kilocalorie J 

1 liorsopow'er 
1 boiler horsepower 

Weight and Volume 

1 gal (U. S.) 

1 British or Imperial gallon 
1 cu ft 

1 cu ft water at 60 F ( in vacuo ) 

1 cu ft water at 212 F ( “ “ ) 

I gal w'ater at 60 F ( “ “ i 

1 gal w^ater at 212 F ( “ “ ) 

1 lb (avdp) 

1 bushel 
I short ton 

Pressure 

1 lb per square inch 

1 oz per square inch 


EQUATIONS^ 


^ / 12,000 Btu per hour 
\ 200 Btu per minute 

= 143.4 JJtu per pound 

r 778.3 ft-lb 
- { 0.2930 Int. whr 
[ 252.0 I.T. calori(^ 

f 2656 ft-lb 
_ J 3.413 Btu 
I 3600 Int. joules 
[ 860 I.T. calorios 

[ 3,413 Btu 

= j 3.517 lb water evaporated fr»)ni 
[ and at 212 F 

[ 1.341 hp 

==] 56.88 Btu per minute 
[ 44,267 ft-lb per minute 

3.968 Btu 
3088 ft-lb 
1.1628 Int. whr 

[ 0.7455 Int. kw 
J 42.40 Btu per minute 
j 33,000 ft-lb per minute 
[ 550 ft-lb per second 

/ 33,475 Btu per hour 
\ 9.809 Int. kw 


__ / 231 cu in. 

\ 0.1337 cu ft 

- 277.42 eu in. 

7.481 gal 
1728 cu in. 

- 62.37 lb 
= 59.83 lb 
= 8.338 lb 
= 7.998 lb 

/ 16 oz 
\ 7000 grains 

=» 1.244 cu ft 
* 2000 lb 


144 lb per square foot 
2.0360 in. mercury at 32 F 
• 2.0422 in. mercury at 62 F 
2.309 ft water at 62 F 
27.71 in. water at 62 F 

/ 0.1276 in. mercury at 62 F 
\ 1.732 in. water at 62 F 


* Checked in 1944 by National Bureau of Standard*. .Vbbreviutiona Int. uml I.T. refer to International 
and International (Steam) Table resiMtciively. 
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Grafdiical Symbols for Drawings 


Ductwork 


45. Duct (Ist^Figure, Width; 2nd, Depth) 

46. Direction of Flow 

47. Inclined Drop in Respect to Air Flow 

48. Inclined Rise in Respect to Air Flow 

49. Supply Duct Section 

50. Exhaust Duct Section 

51. Recirculation Duct Section 

52. Fresh Air Duct Section 

53. Other Duct Sections 

54. Register 

55. Grille 

56. Supply Outlet 

57. Exhaust Inlet 

58. Top Register or Grille 

59. Center Register or Grille 

60. Bottom Register or Grille 

61. Top and Bottom Register or Grille 

62. Ceiling Register or Grille 

63. Louver Opening 

64. Adjustable Plaque 


/2x20 




SH 




/Zx 20 

12x20 

12x20 

12x20 

(Label) 


Kitchen Exh. 
R 


1 1 TR^20</^- 700cfm 
1 1 T^20xl2-700cfm 

|| CR 20xl2- 700cfm 
|l ^20x12- lOOcfm 

1 1 BR 20xlZ-700cfm 
I' 5^20x12 - 700 Cfm 

1 1 T&BR 20 X I 2 ~ ea. 700 cfm 
I' T&BG 20 X 12 - ea. 700 Cfm 

20x12- 700 Cfm 
20x12-700 Cfm 


L ?0x 12-700 Cfm 



P- 20x12- 700 Cfm 

r—' 

1 

1. 

..j 

i 1 

1 1 

-ip- 

rp-20"<p'700cfm 
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Graphical Symbols for Drawings 

66. Volume Damper 

66. Deflecting Damper 

67. Deflecting Damper, Up 

68. Deflecting Damper, Down 
60. Adjustable Blank Ofl 

70. Turning Vanes 

71. Automatic Dampers 

72. Canvas Connections 

73. Fan and Motor With Guard 

74. Intake Louvers and Screen 


Ductwork 
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Graphical Symbols for Drawings 

75. Heat Transfer Surface, Plan 

76. Wall Radiator, Plan 

77. Wall Radiator on Ceiling, Plan 

78. Unit Heater (Propeller), Plan 

79. Unit Heater (Centrifugal Fan), Plan 

80. Unit Ventilator, Plan 

Traps 

81. Thermostatic 

82. Blast Thermostatic 

83. Float and Thermostatic 

84. Float 

86. Boiler Return 

Valves 

86. Reducing Pressure 

87. Air Line 

88. Lock and Shield 

89. Diaphragm 

90. Air Eliminator 

91. Strainer 

92. Thermometer 
98< Thermostat 


Heating and Ventilating 
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Graphical Symbols for Drawings 


04. Thermostat 
(Self Contained) 



06. Thermostat 
(Remote Bulb) 



06. Pressurestat 




07. Hand Expansion Valve 



08. Automatic 

Expansion Valve 




00. Thermostatic 
Expansion Valve 



100. Evaporator Press. Regu- 
lating Valve, Throttling 
Type 




101. Evaporator Press. Regu- 
lating Valve, Thermo- 
static Throttling Type 



102. Evaporator Press. Ref- 
lating Valve, Snap-Ac- 
tion Valve 



103. Compressor Suction 
Pressure Limiting Valve, 
Throttling Type 



104. Hand Shut Off Valve 




105. Thermal Bulb 


106. Scale Trap 



107. Dryer 



108. Strainer 


109. High Side Float 


110. Low Side Float 


111. Gage 


112. Finned Type Cool- 
ing Unit, Natural 
Convection 


118. Pipe Coil 


114. Forced Convection 
Cooling Unit 


116. Immersion Cooling 
Unit 


116. Ice Making Unit 


117. Heat Interchanger 


118. Condensing Unit, 
Air Cooled 


119. Condensing Unit, 
Water Cooled 


120. Compressor 


121. Cooling Tower 

122. Evaporative Con- 
denser 


123. Solenoid Valve 


124. Pressurestat With 
High Pressure Cut- 
Out 


Refrigerating 


IL 

fl 


-{b=6- 

~61 6 , 

6 

\ 

f \ 

“El 


-dEth 
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IDENTmCATION OF PIPING SYSTEMS BY COLOR 

The color scheme for identification of piping systems listed in the follow- 
ing table and shown in Fig. 1 is reprinted from Part V, Fourth Edition, of 
the Engineering Standarc^ of the Heativ^, Piping and Air Conditioning 
Conlradors National Association^. 

All piping systems are classified according to the material carried in the 
pipes and colors are assigned as follows : 

Class Color 

F — Fire-protection Red 

D— Dangerous materials Yellow or Orange 

S— Safe Materials Green (or the achromatic colors, white* 

black, gray or aluminum) 

and, when required 

P— Protective materials Bright blue 

V — Extra valuable materials Deep purple 



Fig. 1. Main Classification by Color* 

^ From Scheme for Identification of Piping Syeteme, Healing, Piping and Air Conditioning Contraclon 
National Aseociatim, Part V, Fourth Edition, p. 17. used by permiBsion. 


^ Bee Scheme for Identification of Piping Systema, A13-*1928, American Standards Association. 
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THERMODYNAMICS 

Thermodynamic Properties of Moist Air and of Water; Decree of Saturation; 
Goff Diagram for Moist Air; Derived Properties; Typical Air Conditioning 
Processes, Heating, Cooling, Adiabatic Mixing; Wet-Bulb Temperatures 
Below 32F; Dalton’s Rule; Steady Flow Energy Equation, 

U. S. Standard Atmosphere 

T he working substance of the air conditioning engineer is called moist 
air. In order to be aide to apply the laws of conservation of energy 
and mass to the analysis of typical air conditioning processes, it is neces- 
sary to know the thermodynamic properties of moist air, particularly its 
enthalpy and volume. When the limitations imposed by the Second Law 
of Thc^rmodynamics have to be considered, it is also necessary to know its 
entropy. 

For the purpose of analysis, moist air may be regarded as a mixture of 
only two constituents, namely, dry air and water vapor. It has long been 
customary to predict the thermodynamic properties of the mixture from 
a knowlc'dge of those of dry air and water vapor separately by means of 
Dal ton's Rule. According to this rule: each constituent of a gas mixture 
occupies the whole volume of the mixture just as if no other constituent were 
present ; it therefore exerts a partial pressure equal to the pressure it would 
exert if alone in the whole volume at the temperature of the mixture; the 
observed pressure of the mixture is the sum of these so-called partial pres- 
sures; the enthalpy of the mixture is the sum of separate contributions 
from the individual constituents as determined by their partial pressures, 
their weights, and the temperature of the mixture ; and the entropy of the 
mixture is obtained in a similar manner, 

Dalton’s Rule has long been regarded erroneously as a fundamental law 
of nature. Actually it is not, and in many cases its predictions are quite 
unr(»liable. In the case of moist air at atmospheric pressure, it happens to 
give a close approximation to the truth ; but as progress is made the need 
for greater accuracy than the rule can afford is felt even in this case. For- 
tunately, most of the complications involved in following a correct pro- 
cedure, based on the predictions of statistical mechanics, are met in pre- 
paring suitable tables of thermodynamic properties; and, once these tables 
have been j)repaie(l, their use in the analysis of typical air conditioning 
processes is actually simplified by abandonment of the rule together with 
its fictitious concc^pts of partial pressure, relative humidity, etc. 

Thermodynamic Properties of Moist Air 

Table 1, Thermodynamic Properties of Moist Air (Standard Atmos- 
pheric Pressure, 29.921 In. Hg), contains results of a cooperative investi- 
gation between the Amkuican Society of Heating and Ventilating 
Engineers and the Towne Scientific School, University of Pennsylvania. 
These results are being studied by an International Joint Committee on 
Psychrometric Data as a possible starting point from which to reach agree- 
ment on standard properties of moist air. A detailed explanation of the 
data and methods used in constnicting Table 1 is given in a paper* presented 
before the A^HVh:. 
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•Compiled by John A. Goff and S. Gratch. 






















Table 1. Thermodynamic Properties of Moist Air^ (Standard Atmospheric Pressure, 29.921 in. Hg) (Continued) 
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^ ^ fi4 

MM 

^ piB 

1 M I 

8225 

MM 

7777 

assg 

7T7T 

s&ss 

pi4pi4«P«p4 

III! 

ssss 

t.4^PHPH 

MM 

SSS& 

7111 


loft 

0.3492 

0 3863 
0.4267 
0.4710 

0.5197 

0.5730 

0.6314 

0.6953 

0 7653 
0.S419 
0.9256 
1.017 

1.117 

1.226 

1.345 

1.475 


2.320 

2.536 

2.771 

3.026 

3.303 

3.603 

3.929 

4.283 

4.666 

5.081 

5.530 

6.016 


tl]£ 

dddd 
11 11 

-0.4527 

-0.4517 

-0.4506 

-0.4496 

oodd 

MM 

oddd 

MM 

-0.4402 

-0.4392 

-0.4.381 
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1.528 
1.606 

1.687 

1.772 

1.861 

1 953 
2.051 

2.152 

2.258 

2.369 

2.485 

2.606 

2.733 

2.865 

3003 

3.147 

3.297 

3.454 
. 3.617 
3.788 
3.788 
3.944 
4.107 

Os 
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•Compiled by John A. Golf and S. Gratch. 

*Extrai>olated to represent metastable equilibrium with undercooled liquid. 
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65 

66 

67 

68 
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Vap. Press 
In.Hg 

MCOO^Ok 

odddd 

0.24767 

0.25748 

0.26763 

0.27813 

0.28899 

0.30023 

0.31185 

0.32386 

0.33629 

0.34913 

0.36240 

0.37611 

0.39028 

0.40492 
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0.43565 

0.45176 

0.46840 

0.48558 

0.50330 

g^WNCO 

ddddd 
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0.64411 
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0.69019 
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$ 

i 

s 

§ 

Entropy 

Btu/(Lb) 

Sw 
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OOOCO 

dddod 

0.0162 

0.0182 

0.0202 

0.0222 

0.0242 

0.0262 

0.0282 

0.0302 

0.0321 

0.0341 

0.0361 

0.0381 

0.0400 

0.0420 

0.(M39 

0.0459 

0.0478 

0.0497 

0.0517 

0.0536 

0.0555 

0.0574 

0.0594 

0.0613 

0.0632 

0.0651 

0.0670 

0.0689 

0.0708 

0.0727 

1 

Enthalpy 

Btu/Lb 

Aw 

3.06 

4.07 

5.07 

6.08 
7.08 

8.09 

9.09 

10.09 

11.10 
12.10 

13.10 

14.10 

15.11 

16.11 
17.11 

p^pHphMCS) 

•-« pH ^ pH 

CO w* d (O hiJ 
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^ pH h 4 pH hH 

CO wdcoN^ 

CO CO CO CO CO 
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•? 

0.02741 

0.02828 

0.02917 

0.0:<006 

0.03096 

0.03188 

0.03281 

0.03376 

0.03472 

0.03570 

0.03670 

0.03771 

0.03874 

0.03978 

0.04084 

0.04192 

0.04302 

0.04414 

0.04528 

0.04G45 

0.04763 

0.04883 

0.05006 

0.05131 

0.05259 

0.05389 

0.05521 

0.05656 

0.05794 

0.05935 

0.06078 

0.06225 

0.06375 

0.06527 
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Entropy 

R (°F) (LB D 


iiili 

OOOCO 

dddod 

0.01183 

0.01228 

0.01275 

0.01323 

0.01373 

0.01425 

0.01478 

0.01534 

0.01591 

0.01650 

0.01711 

0.01774 

0.01839 

0.01906 

0.01976 

0.02047 

0.02121 

0.02197 

0.02276 

0.02357 

0.02441 

0.02527 

0.02616 

0.02708 

0.02803 

0.02901 

0.03002 

0.03106 

0.03213 

0.03323 

b 

0 

i 

pc 


I? 

0.01764 

0.01812 

0.01861 

0.01909 

0.01957 

0.02005 

0.020.53 

0.02101 

0.02149 

0.02197 

0.02245 

0.02293 

0.02340 

0.02387 

0.02434 

0.02481 

0.02528 

0.02575 

0.02622 

0.02669 

0.02716 

0.02762 

0.02809 

0.02855 

0.02902 

0.02948 

0.02994 

0.03040 

0.03086 

0.03132 

0.03177 

0.03223 

0.03269 

0.03314 
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13.008 

13.438 

13.874 

14.319 

14.771 

lodddtv 

^ pH piM *.4 

17.650 

18.161 

18.680 

19.211 

19.751 

20.301 

20.862 

21.436 

22.020 

22.615 

23.22 

23.84 

24.48 

25.12 

25.78 

26.46 

27.15 

27.85 

28.57 

29.31 

30.06 

30.83 

31.62 

32.42 

33.25 

Enthalpy 
u/lb dry 

i 

4.601 

4.791 

4.987 

5.101 

5.403 

5.622 

5.849 

6.084 

6.328 

C.580 

6.841 

7.112 

7.391 

7.681 

7.981 

8.291 

8.612 

8.945 

9.289 

9.644 

10.01 

10.39 

10.79 

11.19 

11.61 

12.05 

12.50 

12.96 

13.44 

13.94 

14.45 

14.98 

15.53 

16.09 

16.67 

H 
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-c 
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8.647 

8.887 

9.128 

6.368 

9.608 

9.848 

10.088 

10.329 

10.569 
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12.010 

12.250 

12.491 

12.731 

12.971 

13.211 

13.452 

13.692 

13.932 

14.172 

W (O «) PH CO 

w w wdd 

15.614 

15.855 

16.095 

16.335 

16.576 

< 



>N?i0ic4c9 

12.695 

12.725 

12.755 

12.785 

12.815 

12.846 

12.876 

12.907 

12.938 

12.969 

13.001 

13.032 

13.064 

13.097 

13.129 

13.162 

13.195 

13.228 

13.261 

13.295 

q» CO 00 CO 00 
OlOOCOO 
eococo w w 

CO CO CO CO CO 

M PH pH pH 

13.504 

13.539 

13.576 

13.613 
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Volomb 
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0.085 

0.089 

0.093 

0.007 

0.101 

gg22S 

dddod 
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NC0-»f WiO 

.MtMPHpHpH 

dddod 

(OWOCOO 

iO(Oh-h-00 

pH pH PH PH pH 

ddddd 

0.192 
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0.208 

0.216 

0.224 
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C4 04 r>« M C4 
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C4C4COiOt^ 

OOOO^C4 

NC^COC^CO 
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12.464 

12.489 

12.514 

12.510 

12.565 

12.590 

12.616 

12.641 

12.666 

12.691 

h-e«r^e<oo 

W(0 o>*-« 

h. !>. !>. r-. GO 
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pH PH pH pH 

coeowoiw 

sgickg 

ei d 'N <N <N 

12.970 

12.995 

13.020 

13.045 

13.071 

(OpHh-C»IC» 
gN WI^O 

CO COCO CO CO 

pH pH PH ^ pH 

13.222 

13.247 

13.273 

13.298 

13.323 

i: 

c 

1 

X 

5 

4.275 

4.450 

4.631 

4.818 

5.012 

5.213 

5.421 

5.638 

5.860 

6.091 

6.331 

6.578 

6.835 

7.100 

7.374 

7.658 

7.952 

8.256 

8.569 

8.894 

9 229 
9.575 
9.934 
10.30 

10.«i9 

11.08 

11.49 

11.91 

12.35 

12.80 

13.20 

13.74 

14.24 

14.75 

15.28 
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Temp 
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65 

66 

07 

68 
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Compiled 6y John A. Goff and S. Gratch. 
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05 

96 

97 

98 

90 

100 
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104 

§ 
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> 

0.7391.5 

0.76475 

0.79112 

0.81828 

0.84624 

0.87504 

0.90470 

0.93523 

0.96665 

0.99899 

1.0323 

1.0665 

1.^017 

1.1379 

1.1752 

1.2135 

1.2529 

1.2934 

1.3351 

1.3779 

1.4219 
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1.5612 

1.6102 

1.6606 

1.7123 

1.7654 

1.8199 

1.8759 

1.9333 
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2.0528 

2.1149 

2.1786 
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Entropy 
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n 

0.0746 

0.0765 

0.0784 
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ddddd 
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Enthalpy 

Btu/Lb 

hm 

38.11 

39.11 

40.11 

41.11 
42.10 

oooeo 
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48.10 

49.09 

50.09 

51.09 

52.09 

53.09 

54.08 

55.08 

56.08 

57.08 

58.08 

69.07 

60.07 

61.07 

62.07 

63.07 

64.06 

65.06 

66.06 
67.06 

68.06 

69.05 

70.05 

71.05 
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0.06842 

0.07004 

0.07170 

0.07340 

0.07513 

Iiiii 

ddddd 

0.08638 

0.08841 

0.09048 

0.09260 

0.09477 

0.09699 

0.09926 

0.10158 

0.10396 

0.10640 

0.10890 

0.11146 

0.11407 

0.11675 

0.11949 

0.12231 

0.12519 

0.12815 

0.13117 

0.13427 

0.13745 

0.14071 

0.14406 

0.14749 

0.1510 

Entropy 

R (*F) (LB D 

■ 

■ 

•<» 

0.03437 

0.03554 

0.03675 

0.03800 

0.03928 

0.04060 

0.04197 

0.04337 

0.04482 

0.04631 

0.04784 

0.04942 

0.05105 

0.05273 

0.05446 

0.05624 

0.05807 

0.05995 

0.06189 

0.06389 

0.06596 

0.06807 

0.07025 

0.07249 

0.07480 

0.07718 

0.07963 

0.08215 

0.08474 

0.08741 

0.09016 

0.09299 

0.09591 

0.09891 
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u 
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n 
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0.03405 

0.03450 
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0.03585 

0.036.30 

0.03675 

0.03720 

0.03765 

0.03810 

0.03854 

0.03899 

0.03943 
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0.04031 

0.04075 

0.04119 

0.04163 

0.04207 

0.04251 

0.04295 

0.04339 

0.(M382 
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0.04469 

0.04513 

0.04556 

0.04(X)0 

0.04643 

0.04686 
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0.04772 
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35.83 

36.74 

37.66 
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to lO IC to o 

ddd'^N 

w 

43.69 

44.78 

45.90 

47.04 

48.22 

49.43 

50.66 
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53.23 
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57.33 

68.78 

60.25 

61.77 
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68.23 
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75.42 

77.34 

79.31 

Enthalpy 
o/lb dry 
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.c 

17.27 

17.89 
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22.07 

22.84 

23.64 

ijsgss 
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29.01 
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31.03 

32.09 

33.18 
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35.47 
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37.90 

39.18 

40.49 

41.85 

43.24 

44.68 

46.17 

47.70 

49.28 

50.91 

52.59 

54.32 

c 

h 

Q 

■ 

16.816 

17.056 

17.297 

17.537 

17.778 

18.018 

18.259 

18.499 

18.740 

18.980 

19.221 

19.461 

19.702 

19.942 
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20.423 

20.663 

20.904 

21.144 

21.385 

21.625 

21.865 

22.106 

22.346 

22.587 

22.827 

23.068 
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23.548 

23.789 

24.029 

24.270 

24.510 

24.751 

24.991 
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S 

13.687 

13.724 

13.762 

13.801 

13.841 

13.881 

13.921 

13.962 

14.003 

14.045 

14.087 

14.130 

14.174 

14.218 

14.262 

14.308 

14.354 

14.401 

14.448 

14.496 

toictcr^o» 

^ 

14.802 

14 856 
14.911 
14.967 
15.023 

15.081 

15.140 

15.200 

15.261 

15.324 

gS 

0 

1 
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0..351 
0.364 

0 377 
0.392 

oe^coioh- 

dddoo 

0.486 

0 504 
0.523 
0.542 
0.560 

0.581 

0.602 

0.624 

0.645 

0.068 

<N « OC •-'3 
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odddd 

« — — N 

N or — 

ooKooach 

ddddd 

0.975 

1.009 

1.043 

1.079 

1.117 
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OOCOGO«fO 

wcowcow 

13.474 

13.499 

13.525 

13.550 

13.575 

13.601 

13.626 

13.651 

13.676 

13.702 

13.727 

13.752 

13.777 

13.803 

13.828 

13.853 

13.879 

13.904 

13.929 

13.954 

13.980 

14.005 

14.030 

14.056 

14.081 

14.106 

14.131 

14.157 

14.182 

14.207 

Humidity 

eg 

< - 
"‘fe* 

1.582 

1.639 

1.697 

1.757 

1.819 

1.882 

1.948 

2.016 

2.086 

2.158 

2.233 

2.310 

2.389 

2.471 

2.555 

2.642 

2.731 

2.824 

2.919 

3.017 

3.118 

3.223 

3.330 

3.441 

3.556 

3.673 

3.795 

3.920 

4.049 

4.182 

4.319 

4.460 

4.606 

4.756 

4.911 
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SooooSS 



O O 0) O 

SoSSS 


•Compiled by John A. Goff and S. Gratch 
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2.2439 

2.3109 

2.3797 

2.4502 

2.5226 

2.5956 

2.6726 

2.7505 

2.8304 

2.9123 

2.9962 

3.0821 

3.1701 

3.2603 

3.3527 

3.4474 

3.5443 

3.6436 

3.7452 

3S403 

3.9558 
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4.1765 

4.2907 
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4.5272 

4.6495 

4.7747 

4.9028 

5.0337 

5.1676 

5.3046 

5.4446 
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da 

0.1385 

0.1403 

0.1421 

0.1438 

0.1456 

0.1472 

0.1491 

0.1508 

0.1525 

0.1543 

0.1560 
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0.1595 

0.1612 

0.1629 

0.1646 

0.1664 

0.1681 

0.1698 

0.1715 

0.1732 

0.1749 

0.1766 

0.1783 

0.1800 

0.1817 

0.1834 

0.1851 

0.1868 

0.1885 

0.1902 

0.1918 

0.19.35 
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Entropy 

Btu per (**F) (lb dry air) 

1 

0.1546 

0.1584 

0.1621 

0.1660 

0.1700 

0.1742 

0.1784 

0.1826 

0.1870 

0.1916 

0.1963 

0.2011 

0.2060 

0.2111 

0.2163 

0.2216 

0.2272 

0.2329 

0.2387 

0.2446 

0.2508 

0.2571 

0.2636 

0.2703 

0.2772 

0.2844 

0.2917 

0.2993 

0.3070 

0.3151 

0.3233 

0.3318 

0.3405 

0.3496 

0.3589 

Q 

0.1052 

0.1085 

0.1118 

0.1153 

0.1189 

0.1226 

0 1264 
0.1302 
0.1342 
0.1384 

0.1426 

0.1470 

0.1515 

0.1562 

0.1610 

0.1659 

0.1710 

0.1763 

0.1817 

0.1872 

0.1930 

0.1989 

0.2050 

0.2113 

0.2178 

0.2245 

0.2314 

0.2386 

0.2459 

0.2536 

0.2614 

0.2695 

0.2778 

0.2865 

0.2954 

1 

0.04943 

0.04985 

0.05028 

0.05070 

0.05113 

0.05155 

0.05)97 

0.05239 

0.05281 

0.05323 

0.05.365 

0.a5407 

0.05449 

0.05490 

0.05532 

0.05573 

0.05615 

0.05656 

0.05698 

0.05739 

0 05780 
0.05821 
0.05862 
0.05903 
0.05944 

0.05985 

0.06026 

0.06067 

0.06108 

0.06148 

0 06189 

0 06229 
0.06270 
006310 
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Enthalpy 

Btu/lb dry air 

R 

81.34 
83.42 
85.56 
87.76 

90.03 

92.34 
94.72 

97 18 
99.71 

102.31 

104.98 
107.73 
110.55 

113.46 

116.46 

119.54 

122.72 

125.98 
129.35 

132.8 

136.4 

140.1 

143.9 

147.8 
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155.9 

160.3 
164.7 

169.3 
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178.9 
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194.4 

199.9 

a 
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56.11 

57.95 

59.85 
61.80 
63.82 

65.91 
68.0S 
70.27 
72.55 

74.91 

77.34 

79.85 
82.43 
85.10 

87.86 

90.70 

93.64 

96.66 

99.79 

103.0 

106.4 

109.8 

113.4 

117.0 

120.8 

124.7 

128.8 

133.0 

137.3 
141.8 

146.4 
151.2 

156.1 

161.2 

166.5 

1 

25.232 

25.472 

25.713 

25.953 

26.194 

26.434 

26.675 

26.915 

27.156 

27.397 

27.637 

27.878 

28.119 

28.359 

28.600 

28.841 

29.082 

29.322 

29.563 

29.804 

30.044 

30.285 

30.526 

30 766 
31.007 

31.248 

31.489 

31.729 

31.970 

32.211 

32.452 

32.692 

32.933 

33.174 

33.414 

VOLUMB 

CU PT/LB DRY AIR 


15.387 

15.452 

15.518 

15.586 

15.654 

15.724 

15.796 

15.869 
15.944 
16.020 

16.098 

16.178 

16.259 

16.343 

16.428 

16.516 
16.605 
16.696 
16.790 
16S86 

16.985 

17.086 

17.189 

17.295 

17.404 

17.516 
17.631 
17.749 

17.870 
17.994 

18.122 

18.2.53 

18.389 

18.528 

18.671 

1 

1.155 

1.194 

1.235 

1.278 

1.321 

1.365 

1.412 

1.460 

1.509 

1.560 

1.613 

1.668 

1.723 

1.782 

1.842 

1.905 

1.968 

2.034 

2.103 

2.174 

2.247 

2.323 

2.401 

2.482 

2.565 

2.652 

2.742 

2S34 
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3.029 

3.132 

3.237 

3.348 

3.462 

3.580 
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mm mm. iisii 
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0.5070 

0.5234 

0.5404 

0.5578 

0.5758 

0.5944 

0.6135 

0.6.333 

0.6536 

0.6746 

0.6962 

0.7185 

0.7415 

0.7652 

0.7897 

0.8149 

0.8410 

0.8678 

0.89.55 

0.9242 

0.9537 

0.9841 

1.016 

1.048 

1.082 

1 116 
1.152 
1.189 
1.227 
1.267 

1.308 

1.350 

1.393 

1.439 

1.485 
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In Table 1 there are 15 columns of figures, each column being headed 
by a suitable symbol. In the following sub-paragraphs are given brief 
explanations of the data in Table 1 under the appropriate column headings. 

<(F) *= Fahrenheit temperature defined in terms of absolute temperature T by the 
relation, 

T * f -h 469.69 (1) 

This particular Fahrenheit scale differs slightly from that derived from the Inter- 
national Centigrade Scale i(C) by the definition, 

t(F) = 1.8f(C) + 32 (2) 

However, the maximum difference between the two Fahrenheit scales appears not 
to exceed 0.01 Fahrenheit deg in the range 32 to 212 F. 

Wb ** humidity ratio at saturation. By humidity ratio is meant the ratio, by 
weight, of water vapor to dry air, pounds of water vapor per pound of dry air. By 
saturation is meant the point where coexistence of the vapor phase (moist air) with a 
condensed phase (liquid or solid) is possible at the given temperature and pressure 
(standard atmospheric pressure in the case of Table 1). At given values of tempera- 
ture and pressure the humidity ratio W can have any value from zero to W^. 

i>a = specific volume of dry air, cubic feet per pound. 

Vm = r. — Vu, the difference between the volume of moist air at saturation^ per 
pound of dry air, and the specific volume of the dry air itself, cubic feet per pound of 
dry air. 

Vb = volume of moist air at saturation per pound of dry air, cubic feet per pound 
of dry air. 

hn ~ specific enthalpy of dry air, Btu per pound. It will be noticed that the spe- 
cific enthalpy of dry air has been assigned the value zero at 0 F, standard atmospheric 
pressure. The energy unit Btu is related to the foot-pound, though not exactly, by 
definition, as follows: 1 Btu = 778.18 ft-lb. 

huB — Hb — Kt the difference between the enthalpy of moist air at saturationy per 
pound of dry air, and the specific enthalpy of the dry air itself, Btu per pound of 
dry air. 

Hb = enthalp 3 ' of moist air at saturation per pound of dry air, Btu per pound of 
dry air. 

Sft = specific entropy of dry air, Btu per (pound) (F). It will be noticed that the 
specific entropy of dry air has been assigned the value zero at 0 F and standard atmos- 
pheric pressure. 

•Sub — Sb — ««, tlic difference between the entropy of moist air at saturationy per 
pound of dr 3 ^ air, and the specific entropy of the dry air itself, Btu per (pound of dry 
air) (F). 

8b « entropy of moist air at saturation per pound of drj' air, Btu per (pound of dry 
air) (F). 

/iw = specific enthalpy of condensed water (liquid or solid) at standard atmospheric 
pressure, Btu per pound of water. The specific enthalpy of liquid water has been 
assigned the value zero at 32 F, saturation pressure. It will be noticed that, under 
this assignment, the specific enthalpy of liquid water at 32 F, standard atmospheric 
pressure, assumes the value 0.04 Btu/lbu. 

Sw ^ specific entropy of condensed water (liquid or solid) at standard atmospheric 
pressure , Btu per (pound of water) (F) . The specific entropy of liquid water has been 
assigned the value zero at 32 F, saturation pressure. It will be noticed that, under 
this assignment, the specific entropy of liquid water at 32 F, standard atmospheric 
pressure, is also zero, though not exactly. 
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•Compiled by John A. Goff and S. Gratch. 























Table 2. Thermodynamic Properties of Water at Saturation* (Continued) 


ThemodTiiaiiiics 


41 



•Compiled by John A. Goff and S. Gratch. 
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1949 Guide 


CHAPTER 3 


1 

Is 





SS3!gS 

ItSSSSo 

E 

>> 

1 

2.1867 

2.1831 

2.1796 

2.1761 

2.1726 

2.1691 

2.1657 

2.1622 

2.1588 

2.1554 

2.1520 

2.1487 

2.1453 

2.1420 

2.1387 

2.1354 

2.1321 

2.1288 

2.1256 

2.1223 

2.1191 

2.1159 

2.1127 

2.1096 

2.1064 

2.1033 

2.1002 

2.0970 

2.0940 

2.0909 

1 

B 

n 

£ 

u 

2.1867 

2.1811 

2.1755 

2.1700 

2.1644 

2.1589 

2.1535 

2.1480 

2.1426 

2.1372 

ss^ass 

eooc4*-«>H 

c4e4e4c)c4 

2.1052 

2.0999 

2.0947 

2.0895 

2.0842 

2.0791 

2.0739 

2.0688 

2.0637 

2.05S6 

2.0535 

2.0485 

2.0434 

2.0385 

2.0334 

1 

Sat. Liquid 
Jf 

0.00000 

0.00205 

0.00409 

0.00612 

0.00815 

iliii 

ooooo 

ddddd 

0.02024 

0.02224 

0.02423 

0.02622 

0.02820 

0.03018 

0.03216 

0.03413 

0.03610 

0.03806 

0.04002 

0.04197 

0.04392 

0.04587 

0.04781 

$8§§8 

ddddd 

* 

s 

g 

1 

Sat. Vapor 

1075.16 

1075.60 

1076.04 

1076.48 

1076.92 

SSSSS 

fcC-SjSg 

ooooo 

1079.55 

1079.99 

1080.43 

1080.87 

1081.30 

1081.74 

1082.18 

1082.62 

1083.06 

1083.49 

1083.93 

1084.37 

1084.80 

1085.24 

1085.68 

iliii 

d ^ 

1075.16 

1074.59 

1074.03 

1073.46 

1072.90 

1072.33 

1071.77 

1071.20 

1070.64 

1070.06 

1069.50 

1068.94 

1068.37 

1067.81 

1067.24 

1066.68 

1066.11 

1065.55 

1064.99 

1064.42 

1063.86 

1063.30 

1062.72 

1062.16 

1061.60 

1061.04 

1060.47 

1059.91 

1059.34 

1058.78 

u 

Sat. Liquid 

8SS8S 

8SSSS. 

ddt^oooi 

10.05 

11.05 

12.06 

13.06 

14.06 

ddtx^QOOb 

rH « fie »iii< 

20.07 

21.07 

22.08 

23.08 

24.08 

25.08 

26.08 

27.08 

28.08 
29.08 

a 

ml 

at 

H 

0. 

H 

Sat. Vapor 

3.304.6 

3180.5 

3061.7 

2947.8 
2838.7 

2734.1 

2633.8 
2537.6 
2445.4 

2356.9 

Oineocoe* 

dddh-*d 

CICICIMfH 

iSS3$ 

1588.7 

1534.3 

1481.9 

1431.5 

1383.1 


bt 

B 

1 











3304.6 
3180.5 

3061.7 

2947.8 
2838.7 

2734.1 

2633.8 
2537.6 
2445.4 

2356.9 

2272.0 

2190.5 

2112.3 

2037.3 
1965.2 

1896.0 

1829.5 

1765.7 

1704.3 

1645.4 

1588.7 
1534.3 
1481.9 

1431.5 

1383.1 

1336.5 
1291.7 

1248.6 

1207.1 

1167.2 

U 

5 

6 

Sat. Liquid 
tt 

oooee 

ddddd 

0.01602 

0.01602 

0.01602 

0.01602 

0.01602 

iliii 

ooooo 

ddddd 

0.01602 

0.01602 

0.01602 

0.01602 

0.01602 

§iii§ 

ooooo 

ddddo 

0.01603 

0.01603 

0.01603 

0.01603 

0.01604 

M 

i 

ee 


In. Hg 

0.18036 

0.18778 

0.19546 

0.20342 

0.21166 

0.22020 

0.22904 

0.23819 

0.24767 

0.25748 

0.26763 

0.27813 

0.28899 

0.30023 

0.31185 

0.32387 

0.33629 

0..34913 

0.36240 

0.37611 

ddddd 

0.46840 

0.48558 

0.50330 

0.52160 

0.54047 

H ^ 
H 

d 

i 

< 


Lb/Sq In. 

0.088586 

0.092227 

0.095999 

0.099908 

0.10396 

0.10815 

0.11249 

0.11699 

012164 

0.12646 

cocoer vid 

ddddd 

0.15907 

0.16517 

0.1714S 

0.17799 

0.18473 

0.19169 

0.19888 

0.20630 

0.21397 

0.22188 

0.23006 

0.23849 

0.24720 

0.25618 

0.26545 

flc si 

g 


roc5c9^^ 

e^icQ^iGio 

B 

SSiSSS 

57 

58 

59 

60 

61 


^Compiled by John A. Goff and S. Gratch. 

'Extrapolated to represent metastable equilibrium with undercooled liquid. 
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Fahr. 

I'S 

SS3SS &38SI: 33S3S &SS8S 

H 

Sat. Vapor 

2.0878 

2.0848 

2.0818 

2.0787 

2.0757 

2.0728 

2.0698 

2.0668 

2.0639 

2.0610 

2.0580 

2.0551 

2.0522 

2.0494 

2.0465 

2.0437 

2.Q408 

2.0^0 

2.0352 

2.0324 

2.0297 

2.0269 

2.0242 

2.0214 

2.0187 

2.0160 

2.0133 

2.0106 

2.0079 

2.0053 

ft ^ 
a Jf 
> 5? 

U) 

2.0284 

2.0335 

2.0186 

2.0136 

2.0087 

2.0039 

1.9990 

1.9941 

1.9893 

1.9845 

1.9797 

1.9749 

1.9701 

1.9654 

1.9607 

1.9560 

1.9513 

1.9466 

1.9419 

1.9373 

1.9328 

1.9281 

1.9236 

1.9189 

1.9144 

1.9099 

1.9054 

1.9008 

1.8963 

1.8919 

Sat. Liquid 
St 

0.05937 

0.06129 

0.06320 

0.06510 

0.06700 

0.06890 

0.07080 

0.07269 

0.07458 

0.07646 

0.07834 

0.08022 

0.08209 

0.08396 

0.08582 

0.08769 

0.08954 

0.09140 

0.09325 

0.09510 

0.09694 

0.09878 

0.10062 

0.10246 

0.10429 

0.10611 

0.10794 

0.10976 

0.11158 

0.11339 

Entralpy, Btu per lb 

Sat. Vapor 

1088.30 

1088.73 

1089.17 

1089.60 

1090.04 

1090.47 

1090.91 

1091.34 

1091.78 

1092.21 

1092.65 

1093.08 

1093.52 

1093.95 

1094.38 

1094.82 

1095.25 

1095.68 

1096.12 

1096.55 

1096.98 

1097.42 

1097.85 

1098.28 

1098.71 

1099.14 

1099.58 

1100.01 

1100.44 

1100.87 


1058.22 
1057.65 

1057.09 
1056.52 

1055.97 

1055.40 

1054.84 
1054.27 
1053.71 
1053.14 

1052.58 

1052.01 

1051.46 

1050.89 

1050.32 

1049.76 

1049.19 

1048.62 

1048.07 

1047.50 

1046.93 

1046.37 

1045.80 

1045.23 
1044.67 

1044.10 
1043.54 

1042.97 

1042.40 

1041.84 

Sat. Liquid 
hi 

30.08 

31.08 

32.08 

33.08 

34.07 

35.07 

36.07 

37.07 

38.07 

39.07 

40.07 

41.07 

42.06 

43.06 

44.06 

45.06 

46.06 

47.06 

48.05 

49.05 

50.05 

51.05 

52.05 

53.05 

54.04 

55.04 

56.04 

57.04 

58.04 
59.03 

Specific Volume, cu ft per lb 

Sat. Vapor 
*Ti 

1128.7 

1091.7 
1056.1 

1021.7 
988.65 

9.56.78 

926.08 

896.49 

867.97 
840.47 

813.97 
788.40 
763.75 

739.97 

717.03 

694.90 

673.54 
652.93 

633.03 
613.82 

595.27 
577.36 
560.06 
543.35 
527.21 

511.62 

496.54 

481.98 

467.90 

454.28 

is 

w 

1128.7 

1091.7 
1056.1 

1021.7 
988.63 

956.76 

926.06 

896.47 

867.95 
840.45 

813.95 
788.38 
763.73 

739.95 

717.01 

694.88 

673.52 
652.91 

633.01 
613.80 

595.25 
577.34 
560.04 
543.33 
527.19 

511.60 

496.52 

481.96 

467.88 

454.26 

Sat. Liquid 
IT 

0.01604 

0.01604 

0.01604 

0.01604 

0.01604 

0.01605 

0.01605 

0.01605 

0.01605 

0.01605 

0.01606 

0.01606 

0.01606 

0.01606 

0.01606 

0.01607 

0.01607 

0.01607 

0.01607 

0.01608 

0.01608 

0.01608 

0.01608 

0.01609 

0.01609 

0.01609 

0.01610 

0.01610 

0.01610 

0.01610 

Absolute Pressure 

Pb 

In. Hg 

0.55904 

0.58002 

0.60073 

0.62209 

0.64411 

0.66681 

0.69021 

0.71432 

0.73916 

0.76476 

0.79113 

0.81829 

0.84620 

0.87506 

0.90472 

0.93524 

0.96666 

0.99900 

1.0323 

1.0665 

1.1017 

1.1380 

1.1752 

1.2136 

1.2530 

1.2935 

1.3351 

1.3779 

1.4219 

1.4671 

Lb/Sq In. 

0.27502 

0.28488 

0.29505 

0.30554 

0.31636 

0.32750 

0.33900 

0.35084 

0.36304 

0.37561 

0.38856 

0.40190 

0.41564 

0.42979 

0.44435 

0.45935 

0.47478 

0.49066 

0.50701 

0.52382 

0.54112 

0.55892 

0.57722 

0.59604 

0.61540 

0.63530 

0.65575 

0.67678 

0.69838 

0.72059 

Farr. 

Temp. 

1(F) 

SSSS8 &S3g;: !:SSSS 8S33S SoSSSS 


•Compiled by John A. Goff and S. Cratch. 
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SS3SS gSSSg SSS3S &S8SS SSSSS CSSSS 


SS^SS SSSSS SSSSS SSSSIS 

QQo»OQ> ooooooooK «eioioiS :f£omeoco 

000}09 O>OiOiO>0i 0k0>0>0>0> OOAOOk C)0a90tt0) 


SSSSSS SSSSSS SiSSSSS S!3Si| 

SSoOOOQQ SooSPoO oSooSSS 


ppoot^ud copi^^*-i ^ooraee 

eiogoco^ e55t**ow i-i 5 ©^n r^'d^MOst^ 2!’^2P®S2 

lOt^ooOM e»iSh-o>«-« eo^coooo •-fcoubi^oo ®r52J3C^ 

,m«- 4 »hc 4 m ceeeciMeo coeoecco^ ioioio>c«o lo^oceoo 

d d d d d d d d d d d d d d d d d d d d d d d d d d d d d o 


SS§SS SSSS8 BSSSB feSggg 822d:: ::2222 


t^oroo© wooiN© oo*-<^N.© P5©oo^^ ©ONior* ©n»oooo 

ot^PHiq© ^oqc4i^.-* ©p^ooN 

•-idddd oot^ho'dd dd^eoR dc4i-«<-«d dddocN** dddd««! 

SSSSS BB22B BBBBB BBBBB BBBBB BBBBB 


z 2 

f 

kJ>« 


SSS3S gSSSS SS335. SS^SS SS888 SSSSS 

8 '«^C4CQ^ ddh«*ood d<-4esico'«4< ddts^ood dd'^Nd ^ddN>‘o6 
©©o© ©©©©© t^h*h>rN,r. oow©©© ©o6©©© 


spot^ e9©c^c4<^ ooe>3uu©'<t* ©©o©© t>*©Di^© ©m©©© 

rO^© dt^c9 M’<»' o©©coo ©»-<©e'H-i n©i-i©|s. ooi-i©*^© 


0©t*l^© *-«CCOO?4 ©pcO^N ©^©^^ ©h-ONR COO^©C 


iMCOOi-4© ©t^COCNI^ ©©©COO 


5 n*^ W©iM«t^ W^©»- 


imOQQO 0»^C4 2!'0 t^ocvj©© f-«^©-^© ©'iJfgORh. 

^e4*-iO© ©t^od^ft eoo«*HO© ©©t^©© ©^coeoM ^^00» 

cococococo ©CO©COC <4 M e«l e^l N Cl CICICICICl CIMCICMi^ 


©dcoco-o* ^^-<f©© ©©©r^i^ h-©©©© ©o©p« 

^,^,-1^,.^ i^dddd 

©©©©© © 00©<0 ©©©©© ©©©©© CD©©©© ©ococo© 

OOOOO OOOOO OPOOO ooooo ooooo ooooo 

ddddd ddddd ddddd ddddd ddodd odd do 


©eoRK* 4 ' ©pp^fco ©©©oo ©CO©©© ^©©eoco ra©oc-© 

co«-iOQCi ©o©coci ppciOM dpror-«f 

*H©«-i©^ ©dc^co© F-iod©c* ©R^©© t<-©©^«i< 

©©©©C- !>>©©©© p*^f-«CICO ©^©©© C >©©©0 f^dco^© 

cidesicici cieicieici cieicicico cococoeoco 


lilS§ Hisii 

SSRSS SSSSS 

ddddd ddddd 


$3o2fH i-idciesi© m©^'4*© lSSS3i^ 


S3S3S BBS8S 88SB8 38SSS 22322 2222?; 


•Compiled by John A. Goff and S Gratch 
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Fabr. 

Temp. 

/(F) 







£ 

Sat. Vapor 

1.9286 

1.9264 

1.9241 

1.9218 

1.9195 

1.9173 

1.9150 

1.9128 

1.M06 

1.9084 

1.9062 

1.9040 

1.9018 

1.8996 

1.8974 

1.8953 

1^931 

1^910 

1.8888 

1.8867 

1.8846 

1.8825 

1.8804 

1.8783 

1.8763 

1.8742 

1.8721 

1.8701 

1.8680 

1.8660 

to) 









g 

B 

n 

i 


Evap. 

sfg 

^ to to <o to 
©to WW-IC 

to^ toN ...•«< to^ 


1.7211 

1.7172 

1.7134 

1.7095 

1.7056 

1.7018 

1.6979 

1.6942 

1.6903 

1.6865 

1.6828 

1.6790 

1.6753 

1.6715 

1.6678 

1.6641 

1.6604 

1.6567 

1.6530 

1.6493 

o 

H 

Sat. Liquid 
St 

0.16805 

0.16977 

0.17148 

0.17319 

0.17490 

0.17660 

0.17830 

0.18000 

0.18170 

0.18339 

0.18508 

0.18676 

0.18845 

0.19013 

0.19181 

0.19348 

0.19516 

0.19683 

0.19850 

0.20016 

0.20182 

0.20348 

0.20514 

0.20679 

0.20845 

0.21010 

0.21174 

0.21339 

0.21503 

0.21667 

pa 

to) 

PC 

Sat. Vapor 

cea-»f r<-© 

^ ^ ^ lO lO 

•Mrauaroo 
ca to o 00 

*^raiC(Ooo 

COh>;<-4>AO 
00 OOOOO 

^ ^ ^ ^ 

1120.40 

1120.82 

1121.23 

1121.65 

1122.07 

1122.48 

1122.90 

1123.31 

1123.73 

1124.14 

1124.55 

1124.97 

1125.38 

1125.79 

1126.20 

M 

a, 

D 

H 

n 

t 

mi 

Evap. 

1024.12 

1023.54 

1022.96 

1022.39 

1021.81 

1021.24 

1020.66 

1020.08 

1019.50 

1018.02 

1018.34 

1017.76 

1017.18 

1016.59 

1016.01 

1015.43 

1014.85 

1014.26 

1013.69 

1013.11 

1012.52 

1011.94 

1011.35 

1010.77 

1010.18 

iiiii 

s 

w 

Sat. Liquid 
hi 

ooooQcao w 
a a cnoi a 
eid^oieo 
oo 3: a 9: 09 

0 09009© 
's! *0 o GO 
ooooo 

99.97 

100.97 

101.97 

102.97 

103.97 

104.97 

105.97 

106.97 

107.96 

108.96 

toooco 

ooooo 

go-jcaco 

a^o>o>o>c 

Of lO e 00 

PQ 

to) 

PC 

s 

H 

Sat Vapor 

192.87 
187.95 
183.17 
178.53 
174 02 

169.65 

165.40 

161.28 

157.27 

153.38 

149.60 

145.93 

142.36 

138.89 

135.52 

132.24 

129.06 

125.96 

122.96 
120.03 

117.18 

114.42 

111.72 

100.11 

106.56 

104.08 
101.67 
99.322 
97.038 
94 815 

ih 

D 

u 

H 

§ 

toJ 

> 

Evap. 

192.85 

187.93 

183.15 

178.51 

171.00 

to«cacaeo 

149.58 

145.91 

142.34 

138.87 

135.50 

132.22 

129.01 

125.94 

122.94 

120.01 

117.16 

114.40 

111.70 

109.09 

106.54 

104.06 
101 65 
99.306 
97.022 
94.799 

U 









th 

u 

& 


Sat. Liqi]i< 
rt 

0.01621 
0.01622 
0.01622 
0 01622 
0.01G23 

0.01623 
0 01624 
0.01624 
0.01625 
0.01625 

0.01626 

0.01620 

0.01626 

0.01627 

0.01627 

0.01628 
0.01628 
0 01629 
0.01029 
0.01630 

0.01630 

0.01631 

0.01631 

0.01632 

0.01632 

0.01633 
0.016.33 
0.01634 
0 01634 
0.01635 

H 

PC 


In. Hg 

3.6439 

3.7455 

3.8496 

3.9561 

4.0651 

4.1768 

4.2910 

4.4078 

4.5274 

4.6498 

4.7750 

4.9030 

5.0340 

5.1679 

5.3049 

5.4450 

5.5881 

5.7345 

5.8842 

6.0371 

6.1934 

6.3532 

6.5164 

6.6832 

6.8536 

7.0277 

7.2056 

7.3872 

7.5727 

7.7622 










1 

< 


Lb/Sq In. 

1.7897 

1.8396 

1.8907 

1.9430 

1.9966 

2.0514 

2.1075 

2.1649 

2.2237 

2.2838 

2.3452 

2.4081 

2.4725 

2.5382 

2.6055 

2.6743 

2.7446 

2.8165 

2.8900 

2.9651 

3.0419 

3.1204 

3.2006 

3.2825 

3.3662 

3.4517 

3.5390 

3.6282 

3.7194 

3.8124 

£5- 

MCacNicaca 

roocaOtoi* 

CMcafaf^w 

caeo^ie© 

core 

h-OOOO^ 
coco CO 'If 


eo Ci o O'* 


•Compiled by John A. Goff and S. Gratch: 
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1940 Ouid 


1 

Is 

SSSSS & 8 S 88 S 8 SSS feeSgS SiSSSSS t:{: 8 SS 

E 

g 

1 


Sat. Vapor 

*9 

1.8640 

1.8620 

1.8600 

1.8580 

1.8560 

1.8540 

1.8520 

1.8501 

1.8481 

1.8462 

1.8442 

1.8423 

1.8404 

1.8384 

1.8365 

1.8346 

1.8328 

1.8309 

1.8290 

1.8271 

1.8253 

1.8234 

1.8216 

1.8197 

1.8179 

1.8161 

1.8143 

1.8124 

1.8106 

1.8089 

Evap 

1.6457 

1.6421 

1.6384 

1.6348 

1.6312 

1.6276 

1.6239 

1.6204 

1.6168 

1.6133 

1.6097 

1.6062 

1.6027 

1.5990 

1.5956 

1.5920 

1.5887 

1.5852 

1.5817 

1.5782 

1.5748 

1.5713 

1.5679 

1.5644. 

1.5611 

1.5577 

1.5543 

1.5508 

1.5475 

1.5442 

Sat. Liquid 
St 

0.21830 

0.21994 

0.22157 

0.22320 

0.22482 

0.22645 

0.22807 

0.22969 

0.23130 

0.23292 

0.23453 

0.23614 

0.23774 

0.23935 

0.24095 

0.24255 

0.24414 

0.24574 

0.24733 

0.24892 

0.25051 

0.25209 

0.25367 

0.25525 

0.25683 

0.25841 

0.25998 

0.26155 

0.26312 

0.26468 

Enthalpy. Btu per lb 


Sat. Vapor 

1126.62 

1127.03 

1127.44 

1127.85 

1128.26 

1128.67 

1129.08 

1129.48 

1129.89 

1130.30 

1130.71 

1131.11 

1131.52 

1131.92 

1132.33 

1132.73 

1133.14 

1133.54 

1133.94 

1134.35 

1134.75 

1135.15 

1135.55 

1135.95 

1136.35 

1136.75 

1137.15 

1137.55 
1137.94 

1138.34 



1006.66 

1006.06 

1005.47 

1004.88 

1004.29 

1003.70 

1003.11 

1002.51 

1001.92 

1001.33 

1000.74 

1000.13 

999.54 

998.94 

998.35 

997.75 
997.16 

996.55 

995.95 

995.36 

994.76 
994.15 

993.55 

992.95 
992.35 

991.75 

991.14 

990.54 

989.93 

989.32 

Sat. Liquid 
ht 

119.96 

120.97 

121.97 

122.97 

123.97 

124.97 

125.97 

126 97 

127.97 

128.97 

129.97 

130.98 

131.98 

132.98 

133.98 

134.98 

135.98 

136.99 

137.99 

138.99 

139.99 

141.00 

142.00 

143.00 

144.00 

145.00 

146.01 

147.01 

148.01 

149.02 

Specific Volume, cu ft per lb 

Sat Vapor 
S'g 

92.651 

90.544 

88.493 

86.496 

84.552 

82.658 

80.814 

79.017 

77.267 

75.562 

73.901 

72.2 a 3 

70.706 

69.169 

67.670 

66.210 

64.786 

63.398 

62.045 

60.726 

59.439 

58.184 

56.960 

55.766 

54.602 

53.466 

52.357 

51.276 

50.220 

49.190 

Evap 

92.635 

90.528 

88.477 

86.480 

84.536 

82.642 

80.798 

79.001 

77.251 

75.546 

73.885 

72.267 

70.690 

69.153 

67.654 

66.194 

64.770 

63.382 

62.029 

60.710 

59.423 

58.168 

56.944 

55.750 

54.586 

53.450 

52.341 

51.260 

50.203 

49.173 

Sat. Liquid 
vt 

0.01635 

0.01636 

0.01636 

0.01637 

0.01637 

0.01638 

0.01638 

0.01639 

0.01639 

0.01640 

0.01640 

0.01641 

0.01642 

0.01642 

0.01643 

0.01643 

0.01644 

0.01644 

0.01645 

0.01645 

0.01646 

0.01647 

0.01647 

0.01648 

0.01648 

0.01649 

0.01650 

0.01650 

0.01651 

0.01651 

Absolute Pressure 

Pb 

M 

s 

ri 

7.9556 

8.1532 

8.3548 

8.5607 

8.7708 

8.9853 

9.2042 

9.4276 

9.6556 

9.8882 

10.126 

10.368 

10.615 

10.867 

11.124 

11.386 

11.653 

11.925 

12.203 

12.487 

12.775 

13.070 

13.370 

13.676 

13.987 

14.305 

14.629 

14.959 

15.295 

15.637 

Lb/Sq In. 

3.9074 

4.0044 

4.1035 

4.2046 

4.3078 

4.4132 

4.5207 

4.6304 

4.7424 

4.8566 

4.9732 

5.0921 

5.2134 

5,3372 

5.4634 

5.5921 

5.7233 

5.8572 

5.9936 

6.1328 

6.2746 

6.4192 

6.5666 

6.7168 

6.8699 

7.0259 

7.1849 

7.3460 

7.5119 

7.6801 

1 

Is 
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•Compiled by John A. Goff and S. Gratch. 
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1 

Is 




197 

198 

199 

200 

201 

202 

203 

291 

206 

206 

207 

208 

209 

210 

211 

212 

£ 

«■ 

1, 

i 

1.8071 

1.8053 

1.8035 

1.8017 

1.8000 

. 1.7982 

1.7965 
1.7947 
1.^30 
1.7913 

1.7896 

1.7878 

1.7861 

1.7844 

1.7828 

1.7811 

1.7794 

1.7777 

1.7760 

1.7744 

1.7727 

1.7711 

1.7694 

1.7678 

1.7662 

1.7646 

1.7629 

1.7613 

1.7597 

1.7581 

1.7565 

s 

1 

t 

If 

u 

1.5408 

1.5375 

1.5341 

1.5308 

1.5275 

1.5242 

1.5209 

1.5176 

1.5143 

1.5111 

1.5078 

1.5045 

1.5013 

1.4980 

1.4949 

1.4917 

1.4884 

1.4852 

1.4820 

1.4789 

1.4756 

1.4725 

1.4693 

1.4662 

1.4631 

1.4600 

1.4568 

1.4536 

1.4506 

1.4474 

1.4444 

1 

Sat. Liquid 
St 

0.26625 

0.26781 

0.26937 

0.27093 

0.27248 

ddddd 

0.28176 

0.28330 

0.28484 

0.28638 

0.28791 

ddddd 

0.29706 

0.29858 

0.30010 

0.30161 

0.30312 

0.30463 

0.30614 

0.30765 

0.30915 

0.31065 

0.31215 

n 

u 

M 

Sat. Vapor 

1138.74 

1139.14 

1139.53 

1139.92 

1140.32 

1140.71 

1141.11 

1141.50 

1141.89 

1142.28 

1142.67 

1143.06 

1143.45 

1143.84 

1144.23 

1144.62 

1145.00 

1145.39 

1145.78 

1146.16 

1146.54 

1146.93 

1147.31 

1147.69 

1148.08 

1148.46 

1148.84 

1149.22 

1149.60 

1149.98 

1150.35 

s 

D 

ffi 

§ 

Evap. 

988.72 

988.12 

987.50 

986.89 

986.28 

985.67 

985.07 

984.45 

983.84 

983.22 

982.61 

982.00 

981.38 

980.76 

980.15 

979.54 

978.91 

978.29 

977.68 

977.05 

976.43 

975.81 

975.19 

974.56 

973.94 

973.32 

972.69 

972.06 

971.43 

970.81 

970.17 

U 

Sat. Liquid 
ht 

150.02 

151.02 

152.03 

153.03 

154.04 

1.55.04 

156.04 

157.05 

158.05 

159.06 

160.06 

161.06 

162.07 

163.08 

164.08 

165.08 

166.09 

167.10 

168.10 
169.11 

RKRSR 

«io<er»r«eo 

m 

tt 

s 

t 

Sat. Vapor 

48.185 

47.204 

46.246 

45.311 

44.398 

43.506 

42.636 

41.786 

40.956 

40.145 

.39.354 

38.580 

37.824 

37.086 

36.365 

35.660 

34.971 

34.298 

33.640 

32.997 

32.368 

31.754 

31.153 

30.566 

29.991 

29.430 

28.880 

28.343 

27.818 

27.304 

26.801 

ill 

8 

1 

If 

b) 

48.168 

47.187 

46.229 

45.294 

44.381 

43.489 

42.619 

41.769 

40.939 

40.128 

r*ror«*05ao 

dodr^*N>’d 

coeocceoeo 

35.643 

34.954 

34.281 

33.623 

32.980 

32.351 

31.737 

31.136 

30.549 

29.974 

29.413 

28.863 

28.326 

27.801 

27.287 

26.784 

U 

C 

1 

Sat. Liquid 



0.01652 
0.01652 
0.01653 
0.01 G54 
0.01651 

ooooo 

ddddd 

0.01658 

0.01659 

0.01659 

0.01600 

0.01661 

iiiii 

ooooo 

ddddd 

iiiii 

ooooo 

ddddd 

0.01668 

0.01669 

0.01669 

0.01670 

0.01671 

0.01671 

i 


In. Hg 

15.986 

16.341 

16.703 

17.071 

17.446 

17.829 

18.218 

18.614 

19.017 

19.428 

19.846 

20.271 

20.704 

21.145 

21.594 

22.050 

22.515 

22.987 

23.468 

23.957 

24.455 

24.961 

25.476 

26.000 

26.532 

27.074 

27.625 

28.185 

28.754 

29..3.33 

29.921 

M 

< 


Lb/Sq In. 

7.8514 

8.0258 

8.2035 

8.3845 

8.5688 

8.7565 

8.9476 

9 1422 
9.3403 
9.5420 

9.7473 

9.95a3 

10.169 

10.386 

10.606 

10.830 

11.058 

11.290 

11.526 

11.767 

12.011 

12.260 

12.513 

12.770 

13.031 


Fabr. 

Temp. 

/(F) 



192 

193 

194 

195 

196 

■ 




•Compiled by John A. GOff and S. Gratch. 
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Tables. Properties of Saturated Steam : Pressure Table> 


Abs. 
PUBSS. 
In. Hg 


Spbcxpic Volume 

Enthalpy 

1 Entropy 

Abs. 

Temp 


1 



1 




Press. 

F 

Sat. 

Sat. 

Sat. 

Evap. 

*fs 

Sat. 

Sat. 

Evap. 

Sfg 

Sat. 

In. Hg 

P 

t 

Liquid 

vt 

Vapor 

•k 

Li^d 

Vapor 

ha 

Liquid 

St 

Vapor 

P 

0.25 

40.23 

0.01602 

2423.7 

8.28 

1071.1 

1079.4 

0.0166 

2.1423 

2.1589 

0.25 

0.60 

58.80 

0.01604 

1256.4 

26.86 

1060.6 

1087.5 

0.0532 1 

2.0453 

2.0985 

0.50 

0.75 

70.43 

0.01606 

856.1 

38.47 

1054.0 

1092.5 

0.0754 ! 

1.9881 

2.0635 

0.75 

1.00 

70.03 

0.01608 

652.3 

47.05 

1049.2 

1096.3 

0.0914 

1.9473 

2.0387 

1.00 

1.5 

91.72 

0.01611 

444.9 

59.71 

1042.0 

1101.7 

0.1147 

1.8894 

2.0041 

1.5 

2 

101.14 

0.01614 

339.2 

69.10 

1036.6 

1105.7 

0.1316 

1.8481 

1.9797 

2 

4 

125.43 

0.01622 

176.7 

93.34 

1022.7 

1116.0 

0.1738 

1.7476 

1.9214 

4 

6 

140.78 

0.01630 

120.72 

108.67 

1013.6 

1122.3 

0.1996 

1.6881 

1.8877 

6 

8 

152.24 

0.01635 

02.16 

120.13 

1006.9 

1127.0 

0.2186 

1.6454 

1.8640 

8 

10 

161.40 

0.01640 

74.76 

129.38 

1001.4 

1130.8 

0.2335 

1.6121 

1.8456 

10 

12 

169.28 

0.01644 

63.03 

137.18 

996.7 

1133.9 

0.2460 

1.5847 

1.8307 

12 

14 

176.05 

0.01648 

54.55 

143.96 

992.6 

1136.6 

0.2568 

1.5613 

1.8181 

14 

16 

182.05 

0.01652 

48.14 

149.98 

988.9 

1138.9 

0.2662 

1.5410 

1.8072 

16 

18 

187.45 

0.01655 

43.11 

155.39 

985.7 

1141.1 

0.2746 

1.5231 

1.7977 

18 

20 j 

192.37 

0.01658 

30.07 

160.33 

982.7 

1143.0 

0.2822 

1.5069 

1.7891 

20 

22 

196.00 

0.01661 

35.73 

164.87 

979.8 

1144.7 

0.2891 

1.4923 

1.7814 

22 

24 

201.09 

0.01664 

32.94 

169.09 

977.2 

1146.3 j 

0.2955 

1.4789 

1.7744 

24 

26 

205.00 

0.01667 

30.56 

173.02 

974.8 

1147.8 

0.3014 

1.4665 

1.7679 

26 

28 

208.67 

0.01669 

28.52 

176.72 

972.5 

1149.2 

0.3069 

1.4550 

1.7619 

28 

30 

212.13 

0.01672 

26.74 

180.19 

970.3 

1150.5 

0.3122 

1.4442 

1.7564 

30 

Lb/Sq In. 
14.606 

212.00 

0.01672 

26.80 

180.07 j 

970.3 

1150.4 1 

0.3120 

1.4446 

1.7566 

Lb /S o In. 
14.W6 

16 

216.32 

0.01674 

24.75 

184.42 

967.6 

1152.0 

0.3184 

1.4313 

1.7497 

16 

18 

222.41 

0.01679 

22.17 

190.56 

963.6 

1154.2 

0.3275 

1.4128 

1.7403 

18 

20 

227.96 

0.01683 

20.089 

196.16 

960.1 

1156.3 

0.3356 

1.3962 

1.7319 

20 

22 

233.07 

0.01687 

18.376 

201.33 

956.8 

1158.1 

0.3431 

1.3811 

1.7242 

22 

24 

237.82 

0.01691 

16.938 

200.14 

953.7 

1159.8 

0.3500 

1.3672 

1.7172 

24 

26 

242.25 

0.01694 

15.715 

210.62 

950.7 

1161.3 

0.3564 

1.3544 

1.7108 

26 

28 

246.41 

0.01698 

14.663 

214.83 

947.0 

1162.7 

0.3623 

1.3425 

1.7048 

28 

30 

250.33 

0.01701 

13.746 

218.82 

945.3 

1164.1 

0.3680 

1.3313 

1.6993 

30 

32 

254.05 

0.01704 

12.940 

222.59 

942.8 

1165.4 

0.3733 

1.3209 

1.6941 

32 

34 

257.58 

0.01707 

12.226 

226.18 

940.3 

11CG.5 

0.3783 

1.3110 

1.6893 

34 

36 

260.95 

0.01709 

11.588 

229.60 

938.0 

1167.6 

0.3831 

1.3017 

1.6848 

36 

38 

264.16 

0.01712 

11.015 

232.89 

935.8 

1168.7 

0.3876 

1.2929 1 

1.6805 

38 

40 

267.25 

0.01715 

10.498 

236.03 

933.7 

1169.7 

0.3919 

1.2844 1 

1.6763 

40 

42 

270.21 

0.01717 

10.029 1 

239.04 

931.6 

1170.7 

0.3960 

1.2764 

1.6724 

42 

44 

273.05 

0.01720 

9.601 

241.95 

929.6 

1171.6 

0.4000 

1.2687 

1.6687 

44 

46 

275.80 

0.01722 

9.209 

244.75 

927.7 

1172.4 

0.4038 

1.2613 

1.6652 

46 

48 

278.45 

0.01725 

8.848 

247.47 

925.8 

1173.3 

0.4075 

1.2542 

1.6617 

48 

50 

281.01 

0.01727 

8.515 

250.09 

924.0 

1174.1 

0.4110 

1.2474 

1.6585 

50 

52 

283.49 

0.01729 

8.208 

252.63 

922.2 

1174.8 

0.4144 

1.2409 

1.6553 

52 

54 

285.90 

0.01731 

7.922 

255.09 

920.5 

1175.6 

0.4177 

1.2346 

1.6523 

54 

56 

288.23 

0.01733 

7.656 

257.50 

918.8 

1176.3 

0.4209 

1.2285 

1.6494 

56 

58 

290.50 

0.01736 

7.407 

259.82 

917.1 

1176.9 

0.4240 

1 1.2226 

1.6466 

58 

60 

292.71 

0.01738 

7.175 

262.09 

915.5 

1177.6 

0.4270 

1.2168 

1.6438 

60 

62 

294.85 

0.01740 

6.957 

264.30 

913.9 

1178.2 

0.4300 

1.2112 

1.6412 

62 

64 

296.94 

0.01742 

6.752 

266.45 

912.3 

1178.8 

0.4328 

1.2059 

1.6387 

64 

66 

298.99 

0.01744 

6.560 

268.55 

910.8 

1179.4 

0.4356 

1.2006 

1.6362 

66 

68 

1 300.98 

0.01746 

6.378 

270.60 

909.4 

1180.0 

0.4383 

1.1955 

1.6338 

68 

70 

302.02 

0.01748 

6.206 

272.61 

907.9 

1180.6 

0.4409 

1.1906 

1.6315 

70 

72 

304.83 

0.01750 

6.044 

274.57 

906.5 

1181.1 

0.4435 

1.1857 

1.6292 

72 

74 

306.68 

0.01752 

5.890 

276.49 

905.1 

1181.0 

0.4460 

1.1810 

1.6270 

74 

76 

308.50 

0.01754 

5.743 

278.37 

903.7 

1182.1 

0.4484 

1.1764 

1.6248 

76 

78 

310.29 

0.01755 

5.604 

280.21 

902.4 

1182.6 

0.4508 

1.1720 

1.6228 

78 

80 

312.03 

0.01757 

5.472 

282.02 

901.1 

1183.1 

0.4531 

1.1676 

1.6207 

80 

82 

313.74 

0.01759 

5.346 

283.79 

899.7 

1183.5 

0.45.54 

1.1633 

1.6187 

82 

84 

315.42 

0.01761 

5.226 

285.53 

898.5 

1184.U 

0.4576 

1.1592 

1.6168 

84 

86 

317.07 

0.01762 

5.111 

287.24 

897.2 

1184.4 

0.4598 

1.1551 

1.6149 

86 

88 

318.68 

0.01764 

5.001 

288.91 

895.9 

1184.8 

0.4C20 

1.1510 

1.6130 

88 

90 

320.27 

0.01766 

4.896 

290.56 

894.7 

1185.3 

0.4641 

1.1471 

1.6112 

90 

92 

321.83 

0.01768 

4.796 

292.18 

893.5 

1185.7 

0.4661 

1.1433 

1.6094 

92 

94 

323.36 

0.01769 

4.699 

293.78 

892.3 

1186.1 

0.4682 

1.1394 

1.6076 

94 

96 

324.87 

0.01771 

4.606 

295.34 

891.1 

1186.4 

0.4702 

1.1358 

1.6060 

96 

98 

326.35 

0.01772 

4.517 

1 296.89 

889.9 

1186.8 

0.4721 

1.1322 

1.6043 

98 

100 

327.81 

0.01774 

4.432 

298.40 

8SS.8 

1187.2 

0.4740 

1.1286 

1.0026 

100 

150 

358.42 

0.01809 

3.015 

330.51 

863.6 

1194.1 

0.5138 

1.0556 

1.5694 

150 

200 

381.79 

0.01839 

2.288 

355.36 

843.0 

1198.4 

0.5435 

1.0018 

1.5453 

200 

300 

417.33 

0.01890 

1.5433 

393.84 

809.0 

1202.8 

0.5879 

0.9225 

1.5104 

300 

400 

444.59 

0.0193 

1.1613 

424.0 

780.5 

1204.5 

0.6214 

0.8630 

1.4844 

400 

500 

467.01 

0.0197 

0.9278 

449.4 

755.0 

1204.4 

0.6487 

0.8147 

1.4634 

500 


•Reprinted by permission from Thermodynamic Properties of Steam, by J. H. Keenan and F. G. Keyes 
published by John Wiley and Sons. Inc., 193% edition. 
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p. B saturation pressure of pure water vapor, pounds per square inch or inches of 
Hg. Moist air can be saturated at any given values of temperature and pressure, 
though this requires that it have a definite humidity ratio Wm and that the coexisting 
condensed phase contain a definite, but very small quantity of dissolved air. On the 
other hand, pure water vapor (steam) cannot be saturated at any given values of tem- 
perature and pressure because its composition is invariable. It can, however, be 
saturated at any given temperature (below the critical temperature), though this 
requires that it have a definite pressure p. and that the coexisting condensed phase 
have the same temperature and pressure. The values of saturation pressure listed 
in Table 1 have been computed from the formulas of Goff and Gratch*. 

Thermodynamic Properties of Water at Saturation 

Table 2 offers revisions to existing steam table data’ with extension 
downward to —160 F. These revisions and extension were a necessary 
preliminary to the construction of Table 1. A detailed explanation of the 
methods employed in constructing Table 2 is given in a paper’ by John A. 
Goff and S. Gratch. As in Table 1 the temperature scale used as argument 
in Table 2 is the Fahrenheit scale defined in terms of absolute temperature 
T by Equation 1, whereas the Fahrenheit scale used as argument in existing 
steam tables is that derived from the International Centigrade scale by 
means of Equation 2. The symbols used as column headings in Table 2 
are the same as those used in the steam tables and have the same meanings ; 
therefore, a detailed explanation seems unnecessary. 

Properties of water above 212 F from Keenan and Keyes’ are given in 
Table 3. 


DEGREE OF SATURATION 

At given values of temperature and pressure the humidity ratio W of 
moist air can have any value between zero (dry air) and W» (moist air 
at saturation). For convenience a parameter p called alternatively degree 
of saturation is introduced through the definition, 

W B nW. (3) 

Obviously the degree of saturation n can have any value from zero (dry 
air) to unity (moist air at saturation). 

To a degree of approximation within the estimated uncertainty of the 


Table 4. Coefficients A, B, C Appearing in Equations 4a, 5a, 6a, Maximum 
Values of Corrections Defined by Equations 4a, 5a, 6a. Degree of 
Saturation at Which These Maxima Occur, Um - Maximum Value of 
Correction Defined by Equation 6b. Degree of Saturation at 
Which This Maximum Occurs, 

{Standard Atmospheric Pressure) 


! 

( F ) 

A 

(ftVlb.) 

B 

(Btu/lb.) 

C 

(Blu/F/ 

lb.) 

t'max 

(fiVlb.) 

B 

(Btu/F/ 

Ib.) 


^max 

(Btu/F/ 
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96 

IHH 

inn 

0.00004 


iH 

0.00001 

0.4925 

0.0015 


112 



0.00009 

giioUil 

|« 

0.00002 

0.4878 

0.0025 


128 


liJitMtM 

0.00020 

0.0022 


0.00005 


0.0040 


144 




0.0047 

0.0693 

0.00009 

0.4691 

0.0065 

0.3557 

160 



rKwl 

0.0099 

0.1418 

0.00019 

0.4511 

0.0106 

0.3485 

176 

0.1169 

1.636 

IMl 



0.00037 

0.4213 

0.0179 

0.3363 

192 

0.3363 

4.608 

0.00567 

0.0451 


0.00076 

0.3662 

nm 

0.3129 
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data in Table 1 at temperatures below about 150 F, the vdiune v of moist 
air per pound of diy air at any degree of saturation m may be computed 
from the ample ration, 


* ■ »» + W 

To obtain comparable accuracy at temperatures above about 150 F it is 
necessary to add a correction term S as follows, 


m(i - m)A 

1 + aiy.M 


(4tt) 


where a denotes the ratio of the apparent molecular weight of dry air 
(28.966) to the molecular weight of water (18.016), namely, 1.6078. In 
Table 4 are given, for each of several higher temperatures, the correspond- 
ing value of the coefficient A, the value of at which the correction term 
V attains its maximum value, and the maximum value of the correction 
term there attained. 

At temperatures below about 150 F the enthalpy h of moist air per pound 
of dry air at any degree of saturation it may be computed from the simple 
relation. 


A “ (6) 

To obtain comparable accuracy at temperatures above about 150 F it is 
necessary to add a correction term H as follows. 


j _ m(1 — m)B 
1 + aW,ft 


(5a) 


In Table 4 are listed values of the coefficient B and maximum values of 
the correction term X, the latter occurring at the same values of fi as do 
those of the correction term S. 

Unfortunately, values of the entropy s of moist air per pound of dry air 
computed from the simple relation. 


» - *. + <»»«. (6) 

do not approximate the true values as closely as might be desired e.vcept 
at temperatiu%s considerably lower than 150 F. Offiy a relatively small 
portion of the error is contributed by the correction term 


m(1 — It) C 

1 + aW,M 


(6h) 


Table 4 lists values of the coefficient C and maximum values of the cor- 
rection terms 8, the latter occurring at the same values of a ns do those of 
the correction terms v and 7i. The larger portion of the error is contributed 
by the so-called mmn^ entropy. It can be expressed as an additional 
correction term t as follows, 

8 - 0.1579 1(1 + iiaW,) logM(l -1- itaWt - itaW, logio (m) (6b) 

— m( 1 -H alF,)logio(l -I- aW,] 

Maximum values of a and the values of n at which they occur are given in 
Table 4. In Equation 6b logu denotes logarithm to the base lU. 
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Fiq. 1. Abridgment of Goff Diagram for MoistIAir 

By John A Goff, University of Pennsylvania, Thermodynamics Research Laboratory. SUndard atmospheric pressure (29.921 in. 
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GOFF DIAGRAM FOR MOIST AIR 

It is a fundamental proposition of thermodynamics that when a fluid 
jUnve across a section fixed in space it convects with it an amount of energy 
equal to its enthalpy as determined by the pressure, temperature, and com- 
position of the fluid at that section. This fundamental proposition provides 
the correct procedure for appl3ring the law of conservation of energy to 
the processes occurring most frequently in air conditioning practice. Thus 
if moist air is flowing through a duct it carries across any section of the 
duct energy of amount mh Btu per minute and water of amount mW pounds 
per minute, if m denotes the weight of dry air crossing the section per 
minute. 

The foregoing considerations suggest the importance of having accurate 
knowledge regarding the enthalpy of the fluid in question and the desir- 
ability of using enthalpy as one of the coordinates in graphical representa- 
tion. The use of enthalpy h and humidity ratio W as coordinates in the 
case of moist air is due to Mollier^. A convenient modification of the 
Mollier diagram introduced by Goff and designated Goff Diagram for 
Moist Air is obtained by taking humidity ratio W as ordinate and reduced 
enthalpy (fe-lOOOTF) as abscissa. A Goff Diagram modified in this way is 
enclosed in the envelope attached to the inside back cover and an abridge- 
ment of the Diagram is shown in Fig. 1. 

The Goff Diagram is a constant-pressure chart, the one provided with 
this book being drawn for standard atmospheric pressure from the data in 
Table 1. Along the axis of abscissae (PF = 0, m = 0) arc plotted values 
of the specific enthalpy of dry air K at one-degree intervals of temperature. 
Values of humidity ratio at saturation Wb plotted against values of re- 
duced enthalpy at saturation (As-lOOOTVs) determine the saturation curve 
(/i = 100 per cent). Lines of constant temperature connect points on the 
saturation curve with corresponding points on the dry-air axis and are 
inclined upward to the right. They are drawn straight in accordance with 
Equations 3 and 5 because the curvature contributed by the correction 
term 5a is inappreciable at all temperatures within the range of the chart. 
The portion of each isotherm lying between the dry-air axis and the satura- 
tion curve is divided into 10 equal parts by curves of constant per cent 
saturation. The per cent saturation of any point below the saturation 
curve is readily determined by linear interpolation along the isotherm 
through that point. 

Each isotherm breaks at the saturation curve to incline upward to the 
left into the two-phase region above the saturation curve. The ordinate 
of a point in this region is the total weight of water in both the vapor 
phase (moist air) and the condensed phase (liquid or solid) per pound 
of dry air in both phases. Neglecting the very small amount of dissolved 
air in the condensed phase, it is the weight of water in both phases per 
pound of dry air in the vapor phase. The ordinate at the break in the 
isotherm through the point in question is the weight of water per pound of 
dry air in the vapor phase. Consequently, the difference between the two 
ordinates is the weight of condensed phase per pound of dry air in the 
vapor phase. 

It has been stated that the region above the saturation curve is the 
two-phase region. This is so except in the wedge with apex on the satura- 
tion curve at 32 F where three distinct phases, namely, solid, liquid, and 
vapor coexist. In fact, this wedge separates the liquid-vapor region 
above the wedge from the solid-vapor region below it. A point inside the 
wedge divides the horizontal line extending through it from one boundary 
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to the other into two segments which are in the same ratio as are the weights 
of solid and liquid. The temperature is 32 F throughout the wedge. 

The isotherms in the two-phase regions above the saturation curve have 
been extended downward to the*right into the vapor-phase region below 
the saturation curve as lines of constant thermodynamic wet-bulb tempera- 
ture, The definition of thermodynamic wet-bulb temperature will be 
given later. 

On the Goff Diagram provided wdth The 1949 Guide there has been 
drawn a protractor from which can be determined the direction in which 
the state point of a mixture of water and dry air will be moved by simul- 
taneous addition of energy and water without addition of dry air. A particular 
direction is specified by the numerical value of the ratio of energy to water 
added which ratio is designated as q and called the specific enthalpy of water 
added, Btu per pound. The protractor is useful in locating the condition 
line of a cooling load or heating load problem. 

DERIVED PROPERTIES 

Thermodynamic Wet-bulb Temperature. For any state of moist air there 
exists a temperature t* at which liquid (or solid) water may be evaporated 
into the air to bring it to saturation at exactly this same temperature. 
The humidity ratio of the air is increased from a given initial value W 
to the value corresponding to saturation at the temperature t*; the 
enthalpy of the air is increased from a given initial value h to the value A®* 
(Jorresponding to saturation at the temperature /*; the weight of water 
added per pound of dry air is Wb* — W and this adds energy of amount 
(IF,* — IF) /iw*, where ftw* denotes the specific enthalpy of the water as 
added at the temperature t*; therefore, if the process is strictly adiabatic, 

+ (w.* - w)h^* = hn* (7) 

The solution of Equation 7 for given values of h and TF is called thermo- 
dynamic wet-bulb temperature. 

Example 1. Find the thermodynamic wet-bulb temperature of moist air at 80 F, 
50 per cent saturation, atmospheric pressure. 

Solution. From the data of Table 1, the enthalpy of the air is = 19.221 -f 0.50 X 
24.47 = 31.46 Btu/lb (fJquation 5). To a first approximation this is the enthalpy 
at saturation at the thermodynamic wet-bulb temperature which is therefore approxi- 
mately 07 F. 

At 67 F the humidity ratio at saturation is 0.01424 Ibw/lU, and the specific enthalpy 
of liquid water is 35.11 Btu/lbw The humidity ratio of the air is W = 0.50 X 
0.02233 0.01117 Ibw/Ib* (Equation 3). Therefore, to a second approximation, the 

enthalpy at saturation at the thermodynamic wet-bulb temperature is A.* = 31.46 -h 
(0.01424 — 0.01117) X 35.11 = 31.57 Btu/lb, „ Equation 7. Interpolation in Table 1 
gives as final answtT, 

t* - 66.94 F 

The answer can also be read directly on the Goff Diagram at the intersection of 
the ^ F dry-bulb and 50 per cent saturation lines. 

The psyc^hrometer is an instrument consisting of two thermometers 
one of which has the bulb covered witli a suitable wick that has been dipped 
in liquid water and thoroughly wotted by it. On placing the wet-bulb of 
the instrument in an air stream, the liquid begins to evaporate from the 
wick and it is usually assumed that such evaporation brings the air im- 
mediately adjacent to the wick to saturation. At first this air may reach 
saturation at a higher or lower temperature than that of the liquid on the 
wick ; but in a relatively short time the temperature of the liquid will have 
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chained to approach equality with that pf the air touching the wick, even 
if this requires the liquid to freeze on the wick. Then the liquid (or solid) 
will continue for a time to evaporate into the air stream at such tmpera- 
ture as will bring a portion of the air stream to saturation at this same 
temperature. This equilibrium temperature is called wet-bvlb temperature. 

It is clear that the readings pf an actual wet-bulb thermometer cannot 
be regarded as values of a theimodynamic property of moist air; for the^ 
readings are importantly affected by a number of non-thermodynamic 
factors including design, construction, installation, and technique of using 
the instrument. Thus, unless the wet-bulb is effectively shielded against 
radiation from relatively warm surfaces the process will not be strictly 
adiabatic as tacitly assumed in writing Equation 7. Also, partial drying 
of the wick will prevent the air immediately adjacent to it from reaching 
complete saturation as assumed in Equation 7. A working theory de- 
veloped by Arnold* enables the calculation of corrections to be applied 
to the readings of the actual instrument in order to make them agree with 
the values of temperature calculated from Equation 7. Fortunately, 
and indeed fortuitously, these corrections can be made small, but to em- 
phasize the necessity of making them in accurate experimentation, the 
temperature defined by Equation 7 is called thermodynamic wet-bulb tem- 
perature. 

Example 2. Find the degree of saturation of moist air at 90 F dry-bulb, 63 F 
thermodynamic wet-bulb, atmospheric pressure. 

Solution. Inserting numerical data from Table 1 into Equation 7 gives 

(21.625 -b 34.31 m) + (0.01235 - 0.03118m) X 31.12 - 28.57 
The solution of this equation is direct and the final answer is 

M * 19.67 per cent 

The per cent saturation may also be read directly at intersection of 90 F dry -bulb 
and 63 F thermodynamic wet-bulb lines on the Gon Diagram. 

Example S. Find the temperature to which moist air initially saturated at 40 F 
and at standard atmospheric pressure must be heated in order to have a thermo- 
dynamic wet-bulb temperature of 60 F. 

s Solution. On the Goff Diagram follow a horizontal line from the saturation curve 
at 40 F to its intersection with the 60 F thermodynamic wet-bulb line and read the 
corresponding temperature directly. 

Inserting numerical data from Table 1 into P^quation 7, this becomes 

K + 0.005213WW^« « 26.46 - (0.01108 - 0.005213) X 28.12 « 26.295 

At 85 F the lefthand member of this equation has the value 26.147; at 86 F its value 
is 26.389; by linear interpolation the answer is: f « 85.61 F. 

Dew-Point Temperature. Corresponding to any given state of moist 
air there exists another state on the saturation curve having the same 
humidity ratio W and same pressure p as the given state. The tempera- 
ture at this other state on the saturation curve is called the dew-point 
temperature of the given state. Obviously, if moist air is cooled at con- 
stant pressure and constant humidity ratio it will reach saturation when 
its temperature falls to a value equal to its dew-point temperature. This 
will usually be marked by the first appearance of a coexisting condensed 
phase. In one t3rpe of dew-point apparatus a continuous sample of air 
is passed over a mirror which can be cooled by external refrigeration and 
whose temperature can be accurately measured. I^e measur^ tem- 
perature at which the intensity of light reflected from the mirror is ab- 
ruptly diminished by condensation is taken to be the dew-point temperature 
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of the air sample. Examples 4 and 5 illustrate the relation between the 
dew-point, degree of saturation and dry-bulb temperature. 

Example 4, Find the dew-point temperature of moist air at 80 F, 50 per cent satu- 
ration, atmospheric pressure. 

Solution, On the Goff Diagram ITollow a horizontal line from a given state point 
(80 F, 5^ per cent) to the saturation curve and read the temperature at the 
intersection. 

To solve from Table 1 : 

From the data in Table 1, the humidity ratio of the air is IF « 0.50 X 0.02233 
0.01117 Ibw/lbu. By interpolation this is found to be the humidity ratio at saturation 
at 60.22 F which is therefore the required answer. 

Example 6, Find the degree of saturation of moist air at 90 F dry -bulb, 40 F (dew- 
point), atmospheric pressure. 

Solution. On the Goff Diagram follow a horizontal line from 40 F on the saturation 
curve to the 90 F isotherm (dry-bulb) and read the degree of saturation directly. 

To solve from Table 1 : 

From the data in Table 1, the humidity ratio of the air must be PF « 0.005213. 
But the humidit}’’ ratio at saturation at 90 F is 0.03118; hence the degree of saturation 
is 


/i = 0.005213/0.03118 = 16.72 per cent 

TYPICAL AIR CONDITIONING PROCESSES 

The use of Table 1 and the Goff Diagram in analyzing typical air condi- 
tioning processes is best explained by means of illustrative examples. 
In each of the following, it is to be understood that the process in question 
takes place at a constant pressure of 29.921 in. Hg, or standard atmospheric 
pressure. 

Heating 

The process of adding heat to moist air is represented by a horizontal 
line on the Goff Diagram. The length of the line between the initial 
and final state points is the increase of reduced enthalpy ; but, since the 
humidity ratio is constant, it is also the increase of enthalpy itself and 
therefore the quantity of heat added per pound of dry air. 

Example 6. Air initially at 20 F, 80 per cent saturation is heated to 120 F. Find 
the quantity of heat required to process 20,000 cfm of heated air. 

Solution. From the data in Table 1 : the initial humidity ratio is 0.80 X 0.002152 « 
0.001722 Ibw/lb*; the initial enthalpy is 4.804 -h 0.80 X 2.302 «= 6.646 Btu/lb»; the final 
degree of saturation 18 0.001722/0.08149 = 2.113 per cent; the final enthalpy is 28.841 -f 
0.02113 X 90.70 « 30.757 Btu/lb.. 

It may be supposed that the air is heated between two sections of a duct. The 
(quantities of energy convected across the two sections per pound of dry air crossing 
them are the two enthalpies calculated. Conservation of energy requires that the 
difference between these two enthalpies be the quantity of heat added; thus, 

« 30.757 - 6.646 = 24.111 Btu/lb„. 

The final volume is 14.611 -f 0.02113 X 1.905 = 14.651 cu ft/lb.. Since 20,000 cfm 
of heated air is to be processed, the total quantity" of heat required is 

aQb “ 24.111 X 20,000/14.651 = 32,914 Btu per minute. 

On the Goff Diagram the process is represented by the horizontal line AB, Fig. 2, 
whose length is the quantity of heat added per pound of dr^' air. The reduced 
enthalpy at A is 4.92 wliile that at B is 29.03, both being read directly from the chart. 
Since humidity ratio is constant the difference between these reduced enthalpies is 
also the difference between the enthalpies themselves, namely, 24.11 Btu/lb«. 
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Fig. 2. Illustration op Use op Gopp Diagram in Solution op Example G 

Cooling 

The process of cooling moist air is also represented by a horizontal line 
on the Goff Diagram. The line may extend across the saturation curve 
into the two-phase region, nevertheless, the length of the line between the 
initial and final states is the quantity of heat removed, or refrigeration sup- 
plied, per pound of dry air. By following the final isotherm downward to 
the right to the saturation curve and reading the ordinate there, the weight 
of water vapor per pound of dry air in the vapor phase is determined. 
The difference between the initial humidity ratio and this ordinate is the 
weight of condensed phase per pound of dry air in the final state. 

Example 7. Air at 95 F and 50 per cent saturation is cooled to 70 F. Find the 
refrigeration required to process 20,000 cfm of uncooled air. 

Solution, From the data in Table 1 : the initial humidity ratio is 0.50 X 0.03673 = 
0.01837 Ibw/lba; the initial enthalpy is 22.827 + 0.50 X 40.49 = 43.072 Btu/lbn; the 
humidity ratio at saturation at the final temperature is 0.01582 Ib^/lbs; the quantity 
of liquia formed is 0.01837 — 0.01582 = 0.00255 Ibw/Ib*; the enthalpy of the final two- 
phase mixture is 34.09 + 0.00255 X 38.11 = 34.187 Btu/lba. 


15.82 24.70 



Fin. 3. Illustration of Use of Goff Diagram in Solution of Example 7 




Thermodynamics 


57 


It may be supposed that the air is cooled between two sections of a duct. The 
quantities of energy convected across the two sections per pound of drjr air crossing 
them are the two enthalpies calculated. Conservation of energy requires that the 
difference between these two enthalpies be the quantity of heat removed, or refrigera- 
tion supplied, between the two sections. Therefore, 

-Ags « 43,072*- 34.187 = 8.885 Btu/lb, 

The initial volume is 13.980 + 0.60 X 0.822 « 14.391 cu ft/lb*. Since 20,000 cfm 
of air is to be processed, the total refrigeration required is 

— aQb = 8.885 X 20,000 -s- 14.391 = 12,348 Btu per minute 

On the Goff Diagram the process is represented by the horizontal line AB, Fig. 3, 
whose length is the quantity of refrigeration required per pound of dry air. 

Adiabatic Mixing of Two Air Streams 

A typical air conditioning process requiring special analysis is the adi- 
abatic mixing of two air streams. Referring to Fig. 4, let mi, m2, m3 denote 
the weights of dry air convected across sections Fi, F2, F3, respectively, 



Fig. 4. Adiabatic Mixing of 2 Air Stre.\ms 

per minute. I'hen milFi, ?n2lF2, and ntifii, m2h2, m^hz will denote 

the weights of water and the quantities of energy similarly convected. If 
tlu' mixing is adiabatic, it must be governed by the three equations, 

mi + m* = vii 

viiWi + mtWz *= tmWi (8) 

niihi -f- mzht = iniht 

Elimination of m3 gives. 


according to which: on the Goff Diagram the state point of the resulting 
mixture lies on the straight line connecting the state points of the two streams 
being mixed and divides the line into two segments which are in the same ratio 
as are the weights of dry air in the two streams. 

Example 8, Outside Air at 0 F and 80 per cent saturation is to be mixed adiabatic- 
ally with recirculated Inside Air at 70 F and 20 per cent saturation in the ratio of one 
pound of dry air in the former to seven in the latter. Find the temperature and 
degree of saturation of the resulting mixture. 

Solution, The humidity ratio H's and the enthalpy hz of the resulting mixture 
must satisfy Equations 9, namely, 

0.003164 - Wz 20.270 - hz 

nV- o.o()0(^() fh - o.obV 


1 
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Fig. 5. Illubteation of Use op Goff Diagbau in Solution of Example 8 



Fig. 6. Illustration of Use of Goff Diagram in Solution of Example 9 



Fig. 7. Illustration of Use of Goff Diagram in Solution or Example 10 
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from which: Wt ^ 0.002847, hg 17.820. At the temperature of the resulting mix< 
ture, therefore, 

fh + 0.002847 ha,/W» - 17.820 

At 61 F the lefthand member of this equation has the value 17.750 ^ at 62 F its value is 
17.991 ; by interpolation the temperature of the resulting mixture is 61.29 F where the 
humidity ratio at saturation^ also by interpolation, is 0.01161; hence the degree of 
saturation of the resulting mixture is 

M " 0.002847 4- 0.01161 « 24.52 per cent 

On the Goff Diagram, Fig. 5, a straight line is drawn between point 1 (0 F, 80 per 
cent) and point 2 (70 F, 20 per cent) ; then point 3 is located on the line one-eighth of 
the distance from point 2 to point 1 . The temperature and degree of saturation at 
point 3 are read directly. 

Adiabatic Mixing with Injected Water 

Another typical air conditioning process is that of injecting water into 
an air stream to mix with it adiabatically. Let W2 — Wi, denote the 
increase in humidity ratio of the air; this is obviously the quantity of 
water injected per pound of dry air ; it follows that the quantity of energy 
injected per pound of dry air is (W2 — Wi)h^, w-here few denotes the specific 
enthalpy of the water as injected ; if the process is adiabatic this produces 
an equal increase in the enthalpy of the air, namely, fe2 — fei; therefore, 

fei - fei - h^(Wg - Wx) (10) 

according to which : the process of injecting water into an air stream to mix 
adiabatically with it is represented by a straight line on the Goff Diagram 
whose direction is fixed by the specific enthalpy of the water as injected. The 
protractor drawm on the Goff Diagram provided with this book provides a 
convenient means for determining this direction. 

Example 9. It is desired to increase the humidity ratio of air at 70 F dry-bulb, 
without changing its temperature. Under w’hat conditions may water be injected in 
order to accomplish the desired result? 

Solution. At 70 F the increase of enthalpy per unit increase of humidity ratio is 
K»/Wu 17.27 4- 0.01582 ■= 1092 Btu per pound of water. This must be the specific 
enthalpy of the water added if the state point of the air is to be moved along the 70 F 
isotherm. Saturated steam at 668 F has this specific enthalpy*. 

On the Goff Diagram, Fig. 6, it is seen that the 70 F isotherm is parallel to the line 
on the protractor for a specific enthalpy of 1092 Btu per pound. 

Adiabatic Saturation 

Any process by which the state point of moist air is moved to the satura- 
tion curve adiabatically may properly be called adiabatic saturation. 

Example JO. Liquid water chilled to 35 F is evaporated into an air stream initially 
at 90 F and 50 per cent saturation. How much water must be evaporated to bring 
the air to saturation at what temperature? 

Solution. The initial enthalpy of the air is 21 .625 + 0.50 X 34.31 = 38.780 Btu/lba; 
the initial humidity ratio is 0.50 X 0.03118 ■= 0.01559 Ibw/lb^; the specific enthalpy of 
the chilled water is 3.06 Btu/lbw; therefore, the temperature at which the air reaches 
the saturation curve must be such that the enthalpy h» and humidity ratio Wt at 
saturation satisfy the equation, 

fe. - (W. - 0.01559) X 3.06 - 38.780 

The solution is 75.19 F where the humidity ratio at saturation is 0.01894; conse- 
quently ^ the weight of water evaporated is 0.01894 — 0.01559 ■» 0.00335 lb per pound 
of dry air. 

On the Goff Diagram, Fig. 7, a line is drawn through the initial state point (90 F, 
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50 per cent saturation) in the direction given by the protractor for a specific enthalpy 
of 3.06 Btu/lbw. 

If air is saturated adiabatically with spray water which is recirculated, 
the water will ultimately assume a temperature such that the air is brought 
to saturation at exactly the same temperature; that is, the water will 
assume the thermodynamic wet-bulb temperature of the air. 

Example 1 1 . Air at 75 F and 60 per cent saturation is saturated adiabatically with 
recirculated spray water. Find the resulting temperature and the weight of water 
added per pound of dry air. 

Solution. In view of the foregoing remarks the solution of this example reduces 
to the determination of the thermodynamic wet-bulb temperature of the air. Its 
humidity ratio is 0.60 X 0.01882 = 0.01129; its enthalpy is 18.018 -f 0.60 X 20.59 » 
30.372; Equation 7 defining thermodynamic wet-bulb temperature becomes 

K* - (IF,* - 0.01129)^* = 30.372 

At 65 F the value of the lefthand member is 29.995; at 66 F its value is 30.746; by inter- 
polation the thermodynamic wet-bulb temperature is 65.51 F where the humidity 
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ratio at saturation is 0.01350; consequently the weight of water added is 0.01350 — 
0.01129 = 0.00221 lb per pound of dry air. 

On the Goff Diagram, Fig. 8, the process is represented by the line AB which is a 
segment of the 65.51 F thermodynamic wet-bulb line. The difference between the 
ordinates at B and at A is the weight of water added per pound of dry air. 

Cooling Load 

The problem of calculating the cooling load for an air conditioned space 
usually reduces to the determination of the quantity of inside air that 
must be withdrawn and the condition to which it must be brought by 
suitable processing so that its return to the conditioned space will have the 
net effect of removing given amounts of energy and water from the space. 

Let M denote the weight of dry air withdrawn with inside air per hour. 
With it will be withdrawn energy of amount Mhi and water of amount 
MW I per hour, where hi and Wi denote the enthalpy and humidity ratio 
of the inside air, respectively. The weight of dry air returned with the 
conditioned air will necessarily be the same as that withdrawn with the 
inMe air, but with it must be returned a smaller quantity of energy ilf ft 
and a smaller quantity of water MW. I^et AQ and AW denote the given 
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amounts of energy and water to be removed from the conditioned space 
per hour; then 


Mh Mhi ■— AQ 
MW - MWi - LW 

Eliminating M and letting q denote the ratio jof energy removed to water 
removed, that is, q = AQ/ATF, 


h- hi 
W -W I 


( 11 ) 


according to which : all possible states for the conditioned air lie on a straight 
line on the Goff Diagram passing through the state point of the inside air in 
the direction specified by the numerical value of the ratio q. This line is 
called the condition line for the given problem. If the condition line crosses 
the saturation curve, the point of intersection is called the apparatus dew- 
point for the given problem. 

The protractor of the Goff Diagram facilitates the drawing of the condi- 
tion line and the locating of the apparatus dew-point. For this purpose the 
numerical value of the ratio q is to be regarded as a value of the specific 
enthalpy of water addedj Btu per pound. 


Example 12, A condition of 80 F dry -bulb, and 67 F thermodynamic wet-bulb, is 
to be maintained in a clothing store, outside conditions being 95 F dry-bulb, and 75 
F thermodynamic wet-bulb. The energy gain from normal heat transmission is esti- 
mated at 16,000 Btu per hour, that from solar radiation at 48,000 Btu per hour. The 
energy generated by lights, fans, etc. is estimated at 13,900 Btu per hour. The venti- 
lation requirement is 30,000 cu ft per hour. The number of occupants is 50. Find 
the apparatus dew-point. 

Solution, The properties of inside air and outside air are readily calculated from 
the data in Table 1, sec especially Example 2. 

Inside Air Outside Air 


M = 0.5024 0.3848 

h « 31.514 38.408 

W = 0.01122 0.01413 

u « — 14.296 


The weight of dry air entering with the ventilating air is 30,000/14.296 = 2098.5 lb 
per hour which brings with it energy of amount 2098.5 X 38.408 = 80.595 Btu per hour 
and water of amount 2098.5 X 0.01413 = 29.659 lb per hour. 

The weight of dry air displaced from the store by the ventilating air is 2098.5 lb per 
hour which takes with it energy of amount 2098.5 X 31.514 = 66,132 Btu per hour and 
water of amount 2098.5 X 0.01122 = 23.541 lb per hour. 

lOach occupant may be regarded as a normal person standing at rest and evaporat- 
ing (1386 grains) 0.198 lb of water per hour (value obtained by interpolation between 
Curves D and C Fig. 7, Chapter 12) at about 79 F. From this source there is water 
of amount 50 X 0.198 = 9.90 lb per hour and energy of amount 9.90 X 1095.7 = 10,847 
Btu per hour added to the conditioned space. In addition each occupant loses 225 
Btu per hour by conduction, convection, and radiation, making a total for 50 persons 
of 11,300 Btu per hour. 

The net energy gain is 16,000 + 48,000 + 13,900 4* 80,595 - 66,132 + 10,847 -f 
11,300 = 114,510 Btu per hour. The net water gain is 29.659 - 23.541 -f 9.90 = 16.018 
lb per hour. Accordingly the direction of the condition line is fixed by the ratio, q = 
114,510 + 16.018 « 7148.8 Btu per pound of water. 

On the Goff Diagram, Fig. 9, the direction of the condition line is given by the pro- 
tractor for a specific enthalpy of water added of 7148.8 Btu per pound. The line itself 
passes through the state point of the inside air and intersects the saturation curve at 
the apparatus dew-point. 

According to Equation 11 the enthalpy hm and humidity ratio Wb at the apparatus 
dew-point must satisfy the equation 


7148.81F. - A. - 7148.8 X 0.01122 - 31.514 - 48.681 
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Fig. 9. Ii.lustration of Use of Goff Diagram in Solution op Example 12 


At 58 F the left-hand member has the value 48.513; at 59 F its value is 50.641 ; inter- 
polation the apparatus dew-point is 58.08 F. 

It would be a mistake to assume that the refrigeration to be supplied is 
equal to the net energy to be removed ; for in general water is to be removed 
simultaneously and unless this is removed as liquid at 32 F it will auto- 
matically take some energy with it. Thus, unless the water is removed 
as solid (ice) the refrigeration to be supplied will be somewhat less than 
the net energy to be removed. 

Examfl IS, Referring to the cooling load problem of Example 12, suppose that 
the conditioning process consists of cooling a portion of the inside air to the apparatus 
dew-point temperature, separating out the liquid thus formed, and returning the 
resulting saturated mixture to the conditioned space. Find the quantity of inside 
air that must be processed n this manner and the corresponding quantity of refrig- 
eration required. 



Fig, 10. Illustration of Use of Goff Diagram in Solution of Example 13 
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Solution. During the cooling operation the enthalpy of the inside air is reduced 
to the value, 

h - 25.17 + (0.01122 - 0.01033) X 26.20 - 25.193 

where 25.17 and 0.01033 are the values of enthalpy and humidiW ratio at saturation 
at the apparatus dew-point temperature and 26.^ is the specinc enthalpy of liquid 
water at that temperature. It followl^ that the quantity of refrigeration required is 
31.514 — 25.193 — 6.321 Btu per pound of dry air. 

The inside air being processed leaves the store with an enthalpy of 31.514 and m 
returned with an enthalpy of 25.17; it therefore removes energy of amount 6.344 Btu 
per pound of dry air. This means that the weight of dry air involved in the process 
IS 114,510/6.344 » 18,050 lb per hour and that the total refrigeration to be supplied 
is 18,050 X 6.321 » 114,090 Btu per hour, or 9.^8 tons. 

The quantity of liquid separated out during the conditioning process is 18,050 X 
(0.01122 — 0.01033) = 16.018 lb per hour as required. In leaving the apparatus it 
takes with it energy of amount 16.018 X 26.20 = 420 Btu per hour. This plus the 
refrigeration accounts for the total energy removal of 114,510 Btu per hour as- 
required. 

On the Goff Diagram, Fig. 10, the cooling operation is represented by line AB 
whose length is the quantity of refrigeration per pound of dry air: the separation of 
the liquid formed in the cooling operation is represented by line BC whose projection 
on the ordinate axis is the quantity of liquid so separated per pound of dry air. Point 
C is the apparatus dew-point and lies on the condition line as required. 

In practice it may not be feasible to choose the apparatus dew-point as 
the point on the condition line to which to condition the inside air because 
to do so would require an excessive number of air changes in the given 
space. Or it may be that the condition line does not cross the saturation 
curve ajb all so that the apparatus dew-point as defined does not exist. 
Finally, it is rarely possible to obtain complete saturation in conventional 
air conditioning apparatus. Nevertheless the requirements of the cooling 
load problem can be exactly met if the conditioned air is brought to any 
point on the condition line of the problem. 

Heating Load 

The condition line is also useful in the analysis of heating load problem.s 
as may best be illustrated by means of an illustrative example. 

Example H. A certain space is to be maintained at 70 F and 50 per cent saturation 
with outside conditions at 0 F and 80 per cent saturation. The normal heat trans- 
mission through walls, partitions, floor, roof, glass and doors is estimated at 75,000 
Btu per hour. Energy gained from lights and appliances is estimated at 15,000 Btu 
per hour. Energy and water gains from occupants are to be disregarded in the calcu- 
lations. Double doors and windows are used so that infiltration is negligible. The 
ventilation requirement is 30,000 cu ft per hour of outside air. 

The requirements of the problem are to be met in the following manner; preheat 
the ventilatir^ air; mix it adiabatically with recirculated inside air; saturate the mix- 
ture adiabatically with recirculated spray water; heat the resulting mixture to 105 F 
and return it to the conditioned space as supply air. 

Analysis. Every pound of dry air admitted to the system (air conditioned space 
plus air conditioning apparatus) with the ventilating air displaces a pound of dry air 
from the system with inside air. Since the ventilating air is not admitted directly to 
the space, then for every pound of dry air withdrawn with inside air there is a pound 
of dry air returned with supply air. This has to have the net effect of addiim energy 
of amount 60,000 Btu per hour and water of amount sero poun(k per hour. Thus the 
ratio q determining the direction of the condition line is infinite, which means that 
the condition line is horizontal as indicated by the protractor on the Goff Diagram. 

The properties of imide air are: h « 25.451, W « 0.007910. Since the state point 
of the supmy air must be on the condition line at 105 F, its properties are : 33.986, 

W 0.007910. Therefore the weight of dry air withdrawn with inside air and re- 
turned with supply air is 60,000 -r (33.986 — 25.451) ■■ 7029.9 lb per hour. 

The properties of outside air are: h ■■ 0.668, W *■ 0.0006298, v ■■ 11.590. ^ Therefore 
the weight of dry air introduced into the system with the ventilating air is 30,000 



64 


CHAPTER 3 


1949 Guide 


11.690 2588.4 lb per hour. This ventilating air is to be mixed adiabatically with 

inside air containing 7029.9 — 2588.4 » 4441.5 lb of dry air per hour; therefore, the 
humidity ratio of the mixture must be (2588.4 X 0.0006298 + 4441.5 X 0.007910) 
7029.9 - 0.005229. 

The condition line crosses the saturation curve at 50.86 F where the enthalpy is 
20.782 and the humidity ratio is 0.007910. This is the state point to be reached by 
adiabatic saturation of the mixture of ventilating air and inside air with recirculated 
spray water. Accordingly, the state point of the mixture must lie on the 60.86 F 
thermodynamic wet-bulb line so that its enthalpy must have the value, 

h « 20.782 - (0.007910 - 0.005229) X 18.97 « 20.731 

This requires that the enthalpy of the preheated ventilating air have the value, 

h - (7029.9 X 20.731 - 4441.5 X 25.451) ^ 2588.4 « 12.632 

Since the humidity ratio of the preheated ventilating air is known to be 0.0006298, its 
temperature is readily found to be 49.75 F. 

The quantity of heat required for preheating the ventilating air is 2588.4 X 
(12.632 — 0.668) * 30,968 Btu per hour; that to be added to the supply air is 7029.9 X 
(33.986 — 20.782) = 92,823 Btu per hour; the energy added with the spray water is 
7029.9 X 18.97 X (0.007910 — 0.005229) = 357 Btu per hour; that introduced into the 



Fig. 11. Illustration op Use op Gopp Diagram in Solution of Example 14 

system with the ventilating air is 2588.4 X 0.668 b= 1729 Btu per hour; that carried out 
of the system with the inside air displaced by the ventilating air is 2588.4 X 25.451 = 
65,877 Btu per hour; therefore, the net energy added to the system is 30,968 + 
92,823 + 357 + 1729 — 66,877 = 60,000 Btu per hour as required. 

On the Goff Diagram, Fig. 11, point A is the state point of the inside air. The 
condition line is horizontal so that point D is the state point of the supply air. The 
condition line crosses the saturation curve at point C so that the state point of the 
mixture of preheated ventilating air and inside air before adiabatic saturation with 
recirculated spray water must lie somewhere on the thermodynamic wet-bulb line 
through C. The state point of the ventilating air is point B, hence that of the pre- 
heated ventilating air must lie somewhere on the horizontal line through B. Its exact 
location is determined graphically by finding the straight line AF which is cut by the 
thermodynamic wet-bulb line through C into two segments such that AE:A*F = 
2588.4:7029.9. The length of the line BF is the quantity of heat required for pre- 
heating the ventilating air per pound of dry air; the length of the Hne CD is the 
quantity of heat to be added to the supply air, per pound of dry air. 

WET-BULB TEMPERATURES BELOW 32F 

A condition in which the water evaporating from the wick of a wet-bulb 
thermometer remains liquid at 32 F or lower is one of metastable equi- 
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librium and should therefore not be expected to occur in practice. The 
evidence that it does sometimes occur appears to be indirect and incon- 
clusive. Stable equilibrium requires that the water freeze at 32 F or 
lower and is the condition to be expected in practice. On the Goff Diagram 
the lines of constant thermodynamic wet-bulb temperature have been 
drawn for stable equilibrium only. In other words it has been assumed 
that the water evaporating from the wick of the wet-bulb thermometer 
freezes when its temperature falls to 32 F or lower. 

Example 15. Find the temperature at which dry air has a thermodynamic wet- 
i)ulb temperature of 32 F. 

Solution. If it is assumed that the water evaporating from the wick of the wet- 
bulb thermometer remains liquid, the specific enthalpy of the dry air must have the 
value 


K = 11.758 - 0.04 X 0.003788 =» 11.758 

corresponding to which the temperature is 48.95 F. On the other hand if it is assumed 
that tne water freezes, the specific enthalpy of the dry air must have the value, 

K = 11.758 -f 143.36 X 0.003788 = 12.301 

corresponding to which the temperature is 51.21 F. The second assumption is the 
assumption of stable equilibrium and should be expected to represent the actual 
situation. 

The corresponding answer, namely 51.21 F, is the one given by the Goff Diagram 
at intersection of 32 F thermodynamic wet-bulb and 0 per cent saturation. 


DALTON’S RULE 

As stated in the introduction the thermodynamic properties of moist air 
have hitherto been obtained from those of dry air and water vapor sepa- 
rately by application of Dalton^s Rule. Actual departures from the 
rule are due principally, but not entirely, to intermolecular forces ; there- 
fore, in order to apply the rule with any measure of consistency it is neces- 
sary to idealize the situation by assuming that the effects of such 
intermolecular forces are negligible and that both the dry air and the 
water vapor behave like perfect gases. Making this assumption, the 
volume vt occupied by ria mols of dry air at temperature T and pressure 
Pa is vt = nJiT/p^ while that occupied by nw mols of water vapor at the 
same temperature but at pressure pw is vt = n^RT/pyr. According to 
Dalton's Rule, if the dry air and water vapor are mixed, each occupies 
the whole volume of the mixture at the temperature of the mixture and the 
pressure of the mixture is the sum of the individual pressures. Mathe- 
matically, 

n^HT ny,H.T (n. -f ny.)RT 


It follows from these equations that the so-called partial pressure of each 
constituent is its mol-fraction times the observed pressure of the mixture; 
thus, for water vapor, 


Pw = 


nw 


n. + nw 


(13) 


and similarly for dry air. Equation 13 may be regarded as the Dalton 
Rule, definition of partial pressure in terms of the observable terms n*, 

^w, p* 

The humidity ratio W is the mol ratio nw/n» times the ratio of molecular 
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weights, namely, 18.016/28.966 »= 0.6220; hence Equation 13 can be 
written 

W - 0.6220 — ^ (14) 

P - Pw 

Now, even if it is assumed that both the dry air and the water vapor behave 
iike perfect gases, it does not follow that at saturation the 'partial pressure 
of the water vapor can be put equal to the saturation pressure of pure 
water at the temperature of the mixture because : (1) the coexisting liquid 
(or solid) phase is not pure water but contains a small amount of dissolved 
air, and (2) the coexisting liquid (or solid) phase has to support the ob- 
served pressure p and not just the saturation pressure ps of pure water. 
These effects are calculable but are in general smaller than the effects of 
intermolecular forces which have already been ignored. Besides, the only 
legitimate reason for retaining Dalton’s Rule is to gain simplicity; hence 
these effects should be disregarded also, and the humidity ratio at satura- 
tion estimated as follows, 

= 0.6220 - ( 15 ) 
V “ 7^ 


In this chapter the ratio W /W^ has been culled degree of saturation and 
denoted by the greek letter p. The ratio pw/ Ps has long been called relative 
humidity and will be denoted by the Greek letter <p. Equations 14 and 15 
can be combined to give 


1 - Pb/p 

1 - ^p,/p 


which can be inverted to give 


(16) 


^ 1 - (1 - m)p./p 

Example 16, Find the relative humidity of moist air at 180 F, 20 per cent 
saturation. 

Solution, Inserting numerical data from Table 1 into Equation 17, the answer is 




0.20 

1 - 0.80 X 15.294/29.921 


= 0.3384 


Example 17. Find the degree of saturation of moist air at 70 F, 50 per cent relative 
humidity. 

Solution, Inserting numerical data from Table 1 into Equation 16, the answer is 




0.50 


1 - 0.73915/29.921 
1 - 0.50 X 0.73915/29.921 


- 0.4937 


The foregoing examples show that there is a substantial difference be- 
tween degree of saturation and relative humidity, particularly at higher 
temperatures. Of course, they both have the value zero for dry air and the 
value unity for saturated moist air regardless of the temperature. 

A Dalton Rule expression for the volume of moist air per pound of dry 
air obtainable directly from Equation 12 is 

RJ'\ , (W^R^T' 


V 


(18) 
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where 

Rm ** gas constant for dry air =* 1545.31 + 28.966 « 53.349 (ft/F). 

Rw “ gas constant for water vapor = 1545.31 -5- 18.016 « 85.774 (ft/F). 

This expression is of the fomji of Equation 4. 

According to Dalton’s Rule the enthalpy of moist air is the sum of sepa- 
rate contributions from the dry air and the water vapor; thus, 

K + (19) 

where, to be consistent, the specific enthalpies K and should be allowed 
to vary with temperature only, not with pressure or composition. This 
expression is of the form of Equation 6. 

Within the accuracy of Dalton’s Rule the following empirical equations 
give suitable values of and few : 

fe. =. 0.240^ 

few = 0.444i + 1061 (20) 

Equation 7 defining thermodynamic wet-bulb temperature may be 
written in the form, 

fe - fe' -f {W,* - W)K* = h,* - fe' 

If the quantity fe' that has been subtracted from both sides is understood 
to be the enthalpy at the thermodynamic wet-bulb temperature t* but at 
the humidity ratio Wj then within the accuracy of Dalton’s Rule 

h- h' = (0.210 -f 0AUW){t - n 
fe.* - fe' - (1061 + 0.441/*) (>!'.* - W) 
fe«* = /* - 32 

With these approximations Eejuation 7 heconies 


W* 


0.2^ + 0.;y4ir 

- 0.556/* 


(/ - /*) 


( 21 ) 


Carrier® has modified ICciuation 21 by introducing further approximations 
as follows, 

ly.* = 0.6220p.*/(p - p.*) 

W « 0.6220pw/ (p - p.*) 

0.444 VK * 0 


the first of whicli is part of Dalton’s Rule. The result is 


Pw = p.* 


2830 - 1.44/* 


( 22 ) 


except tliat the numerical ^'^alues of the constants in the denominator of 
the rightmost term are somewhat different than Carrier’s. 

Equation 22 permits direct calculation of the partial pressure pw from 
observed values of pressure p, temperature i, and wet-bulb temperature 
<*, assuming that information is available regarding the saturation pres- 
sure p*. The ratio Pw/Ps is the so-called relative humidity. 

Example 18. Find the relative humidity of moist air at 90 F dry-bulb, and 63 F 
(thermodynamic wet-bulb). 
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Solution. At 63 F the value of the saturation pressure is 0.58002 in. Hg. There- 
fore, at atmospheric pressure (29.921 in. Hg), 

Pw = 0.68002 - 29.341 X 27/2739 = 0.2908 in. Hg 

The relative humidity is 

if » 0.2908/1.4219 = 0.2045 

the denominator being the value of saturation pressure at 90 F. 

From Equation 16 may be computed the corresponding degree of saturation, the 
result being 

n = 19.67 per cent 

in remarkably close agreement with the answer to Example 2. 

STEADY FLOW ENERGY EQUATION 

In steady flow, the energy convected by the fluid at any section is the 
sum of (a) kinetic energy due to velocity; (b) gravitational energy due to 
elevation; (c) enthalpy due to the condition of pressure, temperature and 
composition of the fluid. 

Kinetic Energy 

There are reasons to believe that the so-called velocity pressure K read 
by a Pitot tube is simply the kinetic energy per unit volume of the fluid 
immediately upstream from the tube, as application of Bernoulli’s Equa- 
tion suggests. Thus 


V = 1097.3 


V « velocity, feet per minute. 
hy « velocity pressure, inches of water at 60 F. 
p » density of fluid, pounds per cubic foot. 

In the case of flow through a duct, the velocity pressure is found to vary 
considerably over the section and a traverse has to be made. The cross- 
sectional area of the duct is divided into a number of equal concentric 
areas, and measuring stations are located at centroidal points in each area 
along two perpendicular diameters. Usually the ultimate object is to 
determine an average velocity Y from which the weight of fluid crossing 
the section per unit time can be obtained on multiplying by the cross- 
sectional area of the duct and by the density of the fluid. This is obtained 
by simply averaging the square roots of all measured velocity pressures 
as follows : 

P “ /- ) %Y (24) 


V » average velocity, feet per minute. 

« arithmetic average of the square roots of all measured velocity pressures, 
inches of water at 60 F. 

But the item of present importance is the average kinetic energy con- 
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vected with each pound of fluid. Consistently with the previous discus- 
sion, this can be shown to be 


KE 


0.006678 V 



(25) 


KE a average kinetic energy, Btu per pound. 

V B specific volume, cubic feet per pound. 

(/iV*)av « arithmetic average of the 3/2-powers of all measured velocity pressures, 
inches of water at 60 F. 


If the velocity pressure were uniform over the section, Equations 24 
and 25 could be combined to give 

» - (i^)’ <“> 

But, it is interesting to note that if the velocity varies parabolically from 
zero at the walls to maximum at the center as it does in the case of purely 
viscous flow in a circular duct, then the average kinetic energy is twice that 
given by Ec^uation 20. 


Example 19. If 2000 cfm of air flow through an 8 in. diameter circular duct, find 
the average kinetic energy per pound of air. 

Solution. The cross-sectional area of the duct is 0.349 sq ft; hence the average 
flow velocity is 5730 fpm. If the velocity were uniform over the section, the average 
kinetic energy would be (5730 -4- 13,430)* « 0.182 Btu per pound. But it is more 
likely that the actual distribution of velocity would approximate that characteristic 
of viscous flow; hence the average kinetic energy would be more nearly 2 X 0.182 = 
0.364 Btu per pound. 


Gravitational Energy 

The potential energy due to elevation Z (feet) above any convenient 
datum is simply Z 778.3 Btu per pound of fluid. In the case of moist air^ 


PE B 


2(1 + W) 
778.3 


(27) 


where 


PE = average potential energy, Btu per pound dry air, 

Z = average elevation, feet. 

W = humidity ratio, pound water per pound dry air. 

Enthalpy 

No further discussion of enthalpy is required. It may be well to em- 
phasize, however, that enthalpies have been figured on the basis of one 
pound of dry air. 

Heat and Shaft Work 

Between any two sections 1 and 2 in an apparatus through which steady 
flow occurs, there may be heat absorbed from outside 1 ^ 2 , Btu per pound 
of dry air, and shaft work removed to outside, 1 / 2 , Btu per pound of dry air. 
If heat is actually rejected to outside, 1^2 is intrinsically negative; and if 
shaft work is actually put in from outside, ik is intrinsically negative. 
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Steady-flow EneiEY Equation 

A complete energy accounting takes the form of Equation 28 which is 
usually referred to as the steady-flow energy equation. 

iji (.ht -f* KEi + PEt) ~ (ki + KEi + PEi) + lii (28) 

where 

iqt •« heat added from outside between sections 1 and 2, Btu per pound dry air. 
ht enthalpy of the mixture at section 2, Btu per pound dry air. 

KEt » average kinetic energy at section 2, Btu per pound dry air. 

PEt » average potential energy at section 2, Btu per pound dry air. 

^hi » enthalpy ol section 1, Btu per pound dry air. 

KE i X average kinetic energy at section 1, Btu per pound dry air. 

PEi °° average potential energy at section 1, Btu per pound dry air. 
lit — shaft work withdrawn between sections 1 and 2, Btu per pound dry ur. 

In Equation 28 all quantities are per pound of dry air. If Equation 25 
is used in computing average kinetic energy, the result will be in Btu per 
pound of dry air if i; is taken as volume per pound of dry air. If Equation 
26 is used, multiplication by (1 + W) as in Equation 27 is required though 
this is a refinement seldom justified. 

Thermodynamic properties of water at saturation are given in Table 2 
for the range —160 to -|-212 F. 

U. S. STANDARD ATMOSPHERE 

The so-called U. S. Standard Atmosphere is an essential standard of 
reference in aeronautics and as such has become important to the air con- 
ditioning engineer who frequently has to simulate atmospheric conditions 
at high altitudes in connection with aeronautical research. In defining 
this standard it is first assumed that temperature T varies linearly with 
altitude Z above sea level, at any rate up to the lower limit of the isothermal 
layer at 35,332 ft. Thus, 

r - r. - 0.0019812 Z (29) 

or 

dT 

— •• —0.0019812 (degree Centigrade per foot) (30) 


The second assumption is the validity of the perfect gas laws, namely. 


Pv - RT 


(31) 


A horizontal disc of air having unit cross-sectional area (1 sq ft) and verti- 
cal tWckness dZ (ft) weights dZ/v (lb). This accounts for the difference 
of pressure dP (lb per sq ft) between the upper and lower faces of the disc ; 
hence, using Equation 31 


dZ 


BTdP 

P 


(32) 


Equations 30 and 32 can be combined to eliminate Z and then inte- 
grated to obtain the relation between pressure and temperature, namely. 
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TaBLB 6. PitllSBTm AND TBUFEBATTnOI FOB AdTITUDHS IN U. 

Standabd Atuosphebb 


Altitude Febt 

Z 

Pressure In. of Hg 

P 

Temp F 
t 

- 1,000 

31.02 

+62.6 

- 500 

30.47 

+60.8 

0 

29.921 

+59.0 

+ 500 

29.38 

+57.2 

+ 1,000 

28.86 

+55.4 

+ 5,000 

24.89 

+41.2 

10,000 

20.58 

+23.4 

15,000 

16.88 

+ 5.5 

20.000 

13.75 

-12.3 

25,000 

11.10 

-30.1 

30,000 

8.88 

-47.9 

35,000 

7.04 I 

-65.8 

40,000 

5.54 

-67.0 

45.000 

4.36 

-67.0 

50,000 

3.436 

-67.0 


The values To = 288 K and Po = 29.921 in. Hg are parts of the definition 
of the standard atmosphere. 

Values of pressure and temperature are listed in Table 6 for altitudes in 
the standard atmosphere from — 1,000 to 50,000 ft above sea level. Values 
for altitudes below the lower limit of the isothermal layer conform to 
Equations 29 and 33. For further explanation, reference (7) should be 
consulted. 


LETTER SYMBOLS USED IN CHAPTER 3 

ft B degree of saturation or per cent saturation. 

p •« density of fluid, pounds per cubic foot. 

Ip = relative humidity (decimal). 

a ®= ratio of apparent molecular weight of dry air (28.966) to the molecular 
vreight of water (18.016) *= 1.6078. 

A s= coefficient from Table 4 for use in Equation 4a (obtained from Table 4). 

B *= coefficient to be used in Equation 5a (obtained from Table 4). 

C «= coefficient for use in Equation 6a (obtained from Table 4). 

h = enthalpy of moist air, Btu per pound of dry air. 

h *= enthalpy correction term to be added above 150 F, to enthalpy. 

ht, « specific enthalpy of dry air, Btu per pound. 

Kt ”” the difference between the enthalpy of moist air cU saturation 

per pound of dry air, and the specific enthalpy of the dry air itself, 
JBtu per pound of dry air. 

» enthalpy of moist air at saturation at thermodynamic wet-bulb tempera- 
ture, Btu per pound of dry air. 
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LETTER SYMBOLS (Continued) 

ht enthalp]^ of moist air at saturation per pound of dry air, Btu per pound 
of dry air. 

hv velocity pressure, inches of water at 60 F. 

hw » specific enthalpy of condensed water (liquid or solid) at standard pres* 
sure, Btu per pound water. 

hn* =» specific enthalpy of water as added at the thermodynamic wet-bulb 
temperature <*, Btu per pound of dry air. 

K » Kelvin degrees. 

KE ss* kinetic energy, Btu per pound. 

KR =s average kinetic energy, Btu per pound. 

I =s shaft work withdrawn, Btu per pound of air. 

iZj = shaft work withdrawn between sections 1 and 2, Btu per pound of air. 

m = weight of dry air crossing any duct section, pounds per minute. 

mi, ma, mi = weights of dry air convected across sections Fi, Fi, Fi respectively, 
pounds per minute. 

M = weight of dry air withdrawn with inside air, pounds per hour. 
n« = mols of dry air. 
nw « mols of water vapor. 

p = total pressure of a mixture of air and water vapor, pounds per scpiare 
inch or inches Hg. 

Pa B partial pressure of air, pounds per square inch or inches Hg. 

p, B saturation pressure of pure water vapor, pounds per square inch or 
inches Hg. 

Pw B partial pressure of water vapor in mixture of air and water vapor, 
pounds per square inch or inches Hg. 

P B atmospheric pressure, inches Hg. 

Po B standard atmospheric pressure definition 20.921 in. Hg. 

PE = potential energy, Btu per pound dry air. 

PE B average potential energy, Btu per pound dry air. 

q B ratio of energy added (or removed) to water added (or removed), Btu 
per pound. Also called specific enthalpy of water added, 

iQt B heat added between sections 1 and 2, Btu per pound dry air. 

aQb b heat added between sections A and B per pound of dry air, Btu per 
pound. 

aQb B total heat added between sections A and B, Btu per minute. 

AQ b energy to be removed from or added to conditioned space, Btu per hour. 
R B universal gas constant. 

Ra, B gas constant for dry air. 

Ry, B gas constant for water vapor. 
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LETTER SYMBOLS (Continued) 

g -« entropy of moist air per pound of dry air, Btu per (pound) (Fahrenheit 
degree). 

s « correction to be added to entropy of moist air obtained from Equation 

6 . * . 

s =s additional correction to be added to entropy because of ‘‘mixing 
entropy” (obtained from Table 4). Correction to be added to value 
of s obtained from Equation 6. 

Sa = specific entropy of dry air, Btu per (pound) (Fahrenheit degree, ab- 
solute). 

Sh. =* the difference between the entropy of moist air at saturation per pound 
of dry air, and the specific entropy of the dry air itself, Btu per (pound 
of dry air) (Fahrenheit degree, absolute). 

s» = entropy of moist air at saturation per pound of dry air, Btu per (pound 
of dry air) (Fahrenheit degree, absolute). 

Sw = specific entropy of condensed water (liquid or solid) at standard atmos- 
pheric pressure, Btu per (pound of water) (Fahrenheit degree, 
absolute). 

t* — thermodynamic wet-bulb temperature, Fahrenheit degrees. 

<(F) = temperature, Fahrenheit degrees. 

T — absolute temperature, Fahrenheit degrees. 

To ~ standard atmospheric temperature, by definition 288 Kelvin degrees. 

V = volume of moist air per pound of dry air, cubic feet per pound. 

V correction to be added to volume of moist air per pound of dry air, 
aViovc 150 F. 

tu = specific volume of dry air, cubic feet per pound. 

tu* = — ra, the difference between volume of moist air at saturation, per 

pound of dry air, and the volume of the dry air itself, cubic feet per 
pound of dry air. 

Vn = volume of moist air at saturation per pound of dry air, cubic feet per 
pound of dry air, 

vt = total volume, cubic feet. 

V = velocity, feet per minute. 

V = average velocity, feet per minute. 

W = humidity ratio, of moist air, pounds of water per pound of dry air. 

= w'ator to be removed from (or added to) conditioned space, pounds per 
hour. 

Wt = humidity ratio, at saturation, weight of water vapor per pound of dry 
air, pound per pound. 

W»* = humidity ratio corresponding to thermodynamic wet-bulb temperature 
t*, pounds of water per pound of dry air. 

Z ^ elevation above any datum, feet. 

Z average elevation, feet. 
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FLUID FLOW 

Theory; Pressure Loss in Circular and Non-Circular Pipes; Compressible Fluids; 
Nozzles and Orifices; Steam Flow Measurement; Metering Liquids; 

Nozzle Coefficients and Expansion Factors; Pitot Tube; Installa- 
tion of Nozzles and Orifices, Variable Area Flow Meters 


T he flow of fluids is part of the branch of engineering science known 
as fluid mechanics, which will be discussed here insofar as it applies 
to the work of engineers in the fields of heating, ventilating, and air 
conditioning. Probably air is the most frequently handled fluid, but 
other gases and licpiids are often involvt>d. Compressible fluids (gases) 
and incompressible fluids (liquids) vary somewhat in behavior, though in 
cases where pressure and density changes are small, the gases may be 
treated as incompressible fluids. 

THEORY OF FLUID FLOW 

The following energy equation for one dimensional steady flow processes 
will serve as a basis for the theory of the flow of fluids. This equation is 
presented in several ways in various texts, but a suitable form is 

a Fa* a 

-- + Jui 4- PiVi + Jq + — zi - - + Ju 2 4- P 2 V 2 -h IF 4- ~ 22 (1) 

2go gc 2go go 


where 

V = velocity in feet per second. 

g B gravitational acceleration, in feet per (second) (second). 
gc ^ gravitational conversion factor »= 32.174 (pounds mass per pound force) X 
ft per (second) (second). 

J » mechanical equivalent of heat » 778 foot pounds per Btu. 
u = internal energy, in Btu per pound of fluid. 
p ■= pressure in pounds per square foot. 

V B specific volume, in cubic feet per pound. 

W mechanical work done by the fluid in foot pounds per pound of fluid . 

q heat transferred to the fluid in Btu per pound of fluid flowing. 

z » elevation above some arbitrary datum, in feet. 

Subscript 1 refers to the entrance, subscript 2 to the exit. 


Introducing the enthalpy h, which by definition is w + y , expressed in 
Btu per pound of fluid, Equation 1 becomes 


Fi* g 

h Jh\ + Jg H — Zi 


TV a 

2 ? 0 . 


The equivalent differential form for energy Equation 1 is 

— dP + /du + d(pi») + - Jdq +dW ~0 

20 . 0 . 


( 2 ) 


(3) 
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Replacing v by its equal glg,p (where p is density in pounds weight per cubic 
foot) and rearranging, Equation 3 becomes 

;?-dF* + -dp + d«+-[/dtt + pd»- Jda + din -0 

2p p q 

In the case of flow through a pipe, no outside work is performed so that 
= 0. Furthermore, 

J du p dv JT di ^ J dq -Y JT da' (6) 

where^ 

da B total change in entropy. 

da' B change in entropy due to internal irreversibility from turbulence and friction. 



Fig. 1. Relation of Various Factors in Bernoulli Equation 


Accordingly, Equation 4 may be written 


ldF»^.^i?+d^+-d2’d»' =0* (6) 

2 g p g 

In cases where there is no internal irreversibility, ds' = 0, and Equation 6 
may be integrated to give 


Zi’ 

2p 


+ 2i + 

Pm 



P* 

Pm 


+ Zt 


(7) 


where Pm is the proper mean density. 


This is commonly called the Bernoulli equation, named after the Swiss 
mathematician and physician who first propounded the theory, g- is 


known as the velocity head, - is the pressure head, and z is the elevation 

P 

head, all in feet of the fluid; the total head, ht is the sum of the other 
three heads. Fig. 1 shows diagrammatically the relation of the various 
factors. The pressure at point 2 is lower than at point 1 because of 
the elevation of point 2 over point 1, and the velocity at point 2 is lower 
than at point 1 because of the larger pipe diameter at point 2. If the 


* In thn nnnlsnb of lubaequent portioni of thii chapter the distinction between 9 and Oc will be omitted. 
Aside from dimensional connsteney the factor, g/g^, is not in general significant in fluid flow analysis. 
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pipe diameter were the same throughout, the velocity, and consequently 
the velocity head, would be the same at both points, but the higher 
elevation at point 2 would still be responsible for a loss in pressure. 
The utility of the equation is evident, though it should be remembered 
that in it the effects of friction and turbulence are neglected, and that Fig. 1 
represents ideal conditions. It should also be noted that care must be 


lO'** 


s 


S 

«s 


200 sdo 

TCMPCRaTuftC IN 

Fia. 2, Relation of Kinematic 
Viscosity to Tempebatubb or Aib 

taken in determining the proper mean density. Accordingly, the Bernoulli 
equation is applied most conveniently to incompressible fluids for which 
density is constant. 

Pressure Loss in Circular Pipes 

The pressure loss in circular pipes is customarily expressed by the 
formula : 


2gd 


( 8 ) 


where 

/if « the loss ill head of the fluid under conditions of flow, in feet. 

I » the length of the pipe, in feet. 
y » the velocity, in feet per second. 

g ^ the acceleration due to gravity >■ 32.174 ft per (second) (second), 
d the internal diameter of the pipe, in feet. 

/ n a dimensionless friction coefficient. 

The formula is generally known by the name of Darcy or Fanning, 
though it seems to have been originated by d’Aubisson de Voisins in 1834. 
The factor / is a function of the Reynolds number, 


( 9 ) 
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where 

NRe •* Reynolds number. 

p » the density in pounds per cubic foot, 
p »■ the absolute viscosity in pounds per foot-second. 

Both / and the Reynolds number ai-e dimensionless. To aid in com- 
puting the Reynolds number, values of the kinematic viscosity, are 

P 

shown as a function of temperature for air in Fig. 2 and for water in Fig. 3. 



Viscosity to Temperature op Water 

Fig. 4 shows the relation between / and the Reynolds number, adapted 
from a review by Moody^ The straight line sloping downward at the 
left of the chart supplies the values of / for laminar flow; it represents 
the formula ; 


( 10 ) 

With laminar flow, the velocity profile is a parabola, having the formula 

F = (r^ - (11) 


where 

r — the radius of the pipe in feet. 

L B distance perpendicularly from the axis of the pipe, in feet. 

Accordingly, the maximum velocity occurs at the center of the pipe 
and is twice the average velocity ; the average velocity is found when L 
= 0.707 r. It is worth noting that roughness of the pipe wall has no 
effect on the loss in head for laminar flow. 

Between values of the Reynolds number of 2000 and 4000, there is an 


> Superior numbers refer to the referenoee at the end of the chapter . 
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unstable region where the flow changes from laminar to turbulent, or 
vice versa. The actual value is impossible of prediction for any condi- 
tions of flow, though in general it may be said that the prevailing type 
of flow persists into the unstable region ; however, once the change starts, 
it proceeds very rapidly. 

When the flow is turbulent, the velocity profile'^ is essentially parabolic 
over four fifths of the pipe diameter, but near the pipe walls, the effect 
of friction becomes evident, and in the boundary layer at the pipe wall 
the flow is laminar. Fig. 5 compares the velocity profiles for three different 
Reynolds numbers, but for the same average velocity. 

The lower curve in the turbulent region in Fig. 4 represents the relation 
of / to the Reynolds number for smooth pipe, such as drawn brass tubing 



Fig. 4. Rklation Bi-jtwkkn Friction Factor a.vd Reynolds Number 
Note: The straight line at left shows values of Friction Factor for laminar flow. 
Reprinted by permission from A.S.M.E. I'ranfoctiona. 


or glass tubing. The effect of roughness on /, which is a considerable 
factor in turbulent flow, is open to some conjectui-c ; artificially roughened 
pipes, for instance, give n^sults at varianc^e with actual tests. The 
curves above the smooth pipe curve of Fig. 4 represent a summary of 
tests on rough pipe, each of them identified by a value of e/d with e sig- 
nifying the absolute roughness in feet. Values of e/d for different pipes 
are given in Table 1. 

To find the friction loss for any pipe, follow the curve with the proper 
value of e/d, to the pertinent value of ATro; and from this point proceed 
horizontally to left margin to find the value of / to use in Equation 8. 
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Table 1. Values of e/d fob Different Kinds of Pipe 


Type Of Pipe 


•/d 


Smooth drawn tubing 0.000005 

Commercial steel or wrought iron. 0.00015 

Asphalted cast-iron 0.0004 

Galvanized iron 0 . 0005 

Cast-iron 0.00085 

Wood stave 0.0006 to 0.003 

Concrete 0.001 to 0.01 

Riveted steel 0.003 to 0.03 


The curves in Fig. 4 may be approximated very closely by the empirical 
formula^ : 

/ = .0055 jTl + 

Equation 8 is applicable to all liquids, and to gases when the pressure 
loss is less than 10 per cent of the initial pressure. When the loss in 
head is high, the formula to be used for gases is 


20,000 


e 10*\»»' 

J - 


( 12 ) 


Pi* - p/ _ JlVi* 

Pi* gd pivi 

which may be rearranged to give the loss in pressure. 


Pi - Pi = Pi 



flVi* 
gd piVi J 


(13) 


(14) 


Pressure Loss in Non-Circular Pipes 

The formulas for flow in pipes are based upon the use of pipes of 
circular cross-section. The formulas may be used with conduits of other 
shapes, and in conduits not flowing full, when the flow is turbulent, by 
using the hydraulic radius, R^, which is really a ratio : 

_ area of cross-section , . 

Ra = (15) 

wetted perimeter of cross-section 


For instance, in a square duct, 1 ft on a side, handling air, the hydraulic 
radius is i or 0.25. If the same duct is handling water, flowing 9 in. 
deep, the hydraulic radius is 0.75/2.5 or 0.30. Note in this latter case that 
the wetted perimeter docs not include the distance across the free surface. 
In the case of a round pipe 

_ irdV4 d 

R« - = - or d = 4 Bh (16) 


Substituting Equation 16 in Equation 9, 


( 17 ) 


and in the flow Equation 8, 
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and finally in the compressible fluid flow Equation 14, 

- P. = Pi fl - i /i _ (19) 

L Y ^gRnPiVi 

Equations 17, 18, and 19 may be used to compute the flow in pipes and 
ducts of non-circular section and in any type of conduit not flowing full. 
They should not be used when the ^ow is laminar. 

FLOW OF COMPRESSIBLE FLUIDS 

In the flow of compressible fluids, the large density variations make 
impracticable the use of the Bernoulli equation, (Equation 7). In certain 
special cases, however, the exact equations for compressible flow may be 
stated. If flow occurs with no friction or other internal irreversibility. 
Equation 6 becomes 


1 dp 

+ ~ » 0 
2^ P 


If in addition the flow is adiabatic, 

Pp“* “ Pipr 

so that Equation 20 becomes 




dp 


Pi p' 


ii/fc 


= 0 


( 20 ) 

( 21 ) 

( 22 ) 


or by integration. 


f (W - F.>) + ^ ?-■ 

2g A; — 1 Pi 




(23) 


This extension to compressible flow of Bernoulli’s equation reduces to the 
more familiar form if the pressure change is small. 

The ratio of specific heats, fc, is used extensively in fluid dynamics ; values 
of k for various gases arc given in Table 2. 


Table 2. Ratio op Specific Heat at Constant Pressure to Specific 
Heat at Constant Volume for Compressible Fluids 


Compressible Fluid 


Rxno k >■ Cp/e^ 


Helium and other monatomic gases 

Air and other diatomic gases 

Ammonia and hydrogen sulfide 

Carbon dioxide, methane, natural gas, superheated steam, 

moist steam down to a quality of 97 per cent | 

Sulfur dioxide, ethylene, acetylene 


1.66 

1.40 

1.34 


1.28 to 1.32 
1.24 to 1.26 


It is convenient in the analysis of compressible flow to introduce the 
velocity of propagation of pressure impulses or, more familiarly, the 
sonic velocity, a. For perfect gases this is given by the equation : 


a* -» kgp/p ■» kgRT 


Accordingly, Equation 23 may be written 


ai» 


fc-i 

i fc - 


(24) 


J(Vi* - Vi*) + 


fc - 1 


0 


(25) 
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or, by rearrangement, 




(26) 


which permits the calculation of the ratio of pi-essures at entrance and 
exit of the steady flow device — ^pipe, orifice, or nozzle. From Equations 
21 and 24 it follows that 



oj* Ti \pij 

(27) 

so that 

(Vf - F,*) + 0^ - oi* - 0 

(28) 

and 

1 A.-1F.. 

Oj* 2 ai* 

(29) 


o.‘ “ Jfe - 1 F^ 

2 02* 


The ratio of flow velocity to sonic velocity is known as the Mach number, 

M - V/a 

This parameter is particularly useful in compressible flow analysis. In 
general, if il/ < 0.3 the flow may be considered to be incompressible. 

In terms of the Mach number 


and 


The quantity 


Oi* 


T, » + 



p* = p ^1 + 


(30) 


(31) 


(32) 


is called the stagnation pressure and gives a measure of pressure energy. 
For incompressible flow 


P" 


P + ^pV’ 


P + 9 


(33) 


where 
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and is the dynamic pressure. A total head tube measures stagnation pres- 
sure directly. 

From Equation 31 it follows that for frictionless, adiabatic flow 

Pi* - pi® 

This represents another extension of the Bernoulli equation to compressible 
flow. Friction will cause a loss in pressure energy. 

Ideal Flow through Nozzle or Orifice 

The majority of low measuring systems depend upon a correlation 
between pressure drop, area, and quantity of flow. The basic formulas 
may be stated on the assumption that the flow is frictionless and adiabatic. 
Designating the main stream by station 1 and flow at some measuring 
restriction by station 2, the flow in pounds per second is 


w ** piAiVi =» piAiVs 

(35) 

or, in terms of Mach number. 


ID « AtMiy/kgp2P2 

(36) 



Fig. 5. Comparison of Velocity Profiles for 3 Different Reynolds 
Numbers but for Same Average Velocity 

According to Equation 31 



1 + ^M.* 


from which 


so that 


W 


ilfl* 


fc - 1 \ 1 - M.vw / L\p»/ J 


/.■ 


w 

y 1 - Afivw y * - 1 |_Vp./ 


(37) 


(38) 


(39) 


If the initial velocity is sufficiently small, Mi* will be negligible so that 
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If this is computed and the figures are plotted, the curved line (partly 

solid and partly broken) of Fig. 6 is found. The maximum value of ^ 

may be computed by differentiating w with respect to and equating 
the result to zero. This operation produces the formula : 


P? 

Pi 



(41) 


For air, with k = 1.40, — = 0.53. 

Pi 

Actually, the broken part of the curve is not attained for the flow in 
the nozzle. If the ratio of p 2 to pi is decreased from unity, the mass 



Fig. 6. Relation of Flow or Gas to Pressure Drop in a Converging 

Tube 


rate of discharge, as well as the volume, increases from zero to a maximum, 
as shown by the solid section of the curve in Fig. 6; thereafter, as P 2 /P 1 is 
decreased further, the discharge is constant, as indicated by the horizontal 
line. The value of p 2 at the maximum point is called the critical pressure, 
or Pc and it is seen that pc is approximately 53 per cent of pi when air is 
flowing. 

To find the velocity at the critical pressure, it is assumed that the 
upstream velocity Fi is so small as to be negligible. Using the subscript 
c to indicate conditions at the critical point, from Equation 31 


-(/HnKSF-] 




(43) 
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Substituting the critical pressure ratio from Equation *41 it follows that 


ilf. - 1 


(44) 


or that the velocity at the throat is equal to the local sonic velocity. 

In developing the working equations for orifices and nozzles, it is custom- 
ary to start with th^ incompressible form of the 'flow Equation 39. In 
this case both Mi and Mj are small quantities, pi — pi, and (pi — pi)/pi 
a Ap/pi is small. Retaining only first order terms, it follows from 
Equation 36 that 


so that 


Mt~Ai 






1 - MiVM,* 


1 


1 


(46) 


(46) 


where /? = D 2 /D 1 . The quantity l/\/l ~ is the velocity of approach 
factor as generally used, with fi being the ratio of the throat or orifice di- 
ameter to the pipe diameter. 

Since Ap/p 2 is small 

and the mass flow is 


1 /* 


Vi-P* 


y/ 2ppap 


(48) 


The volume flow is then 




(49) 


Actual Flow Through Orifices and Nozzles 

The actual rate of flow through an orifice, nozzle, or Venturi tube is 
rarely equal to the theoretical, and generally the actual rate is less than 
the theoretical. In the case of the nozzle and Venturi tube, this is due to 
losses from wall roughness, fluid friction, and turbulence during the ex- 
pansion in the section following the throat. While wall roughness is not 
a factor in a sharp-edged orifice, fluid friction and turbulence are im- 
portant, as is the fact that the discharge contracts to a degree variable 
with the ratio of outlet to inlet pressure after leaving the orifice, so that 
the limiting area is somewhat less than the opening in the orifice plate. 
Accordingly, Equation 49 must be modified by a correction factor, C. 
Usually, the velocity of approach factor is included with this correction 
factor, and, if 


K-C— 7^= 

Vl_/S4 

(60) 

0, « KA% 

(61) 


Multiplying by 3600 to convert from cubic feet per second to cubic feet 
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per hour, and converting area in square feet to diameter in inches, gives 

TDf 


Qi-3600R 


4X144 


y/ight 


or 

where 


Qf- 19.636 


(62) 


Qt a rate of flow in cubic feet per hour. 

Dt a the diameter of the orifice or nozzle throat in inches. 

K a flow coefficient including correction for velocity of approach. 


Equation 52 is a general equation, expressing the flow of any fluid 
through an orifice or nozzle. Further use of it will be made as other types 
of flow are discussed. 

The differential loss, Af, is in terms of feet of the fluid flowing through 
the orifice or nozzle. In the case of a gas flowing, where it is customary 
to read the differential pressure in inches of water, feet of gas must be 
converted to inches of water. Since dry air at 32 F and 14.7 psi absolute 
pressure weighs 0.0807 lb per cu ft, the weight of a cubic foot of any other 
kind of gas under the same conditions is 0.0807 (?, where G is the specific 
gravity of the gas referred to air. Water weighs 62.37 lb per cu ft at 60 F. 
Using also the relation of 12 in. in 1 ft. 


62.37 

“ 12 ^ 0.0807(? 


(63) 


in which Aw is the differential pressure in inches of water. 

Also, since the gas flowing is not necessarily at 32 F and 14.7 psi, it is 
necessary to apply Charles’ and Boyle’s laws to the density of the gas 
and therefore 


62,37 14.7 Ti 

* “ 12 ^ 0.0807G ^ Pi ^ 492 


(54) 


in which Pi and Ti are the absolute pressure and temperature of the 
flowing gas. Substituting this in Equation 52, and combining the con- 
stants, 


Qi = 218.44XZ)8* 



( 55 ) 


Then, to correct the value of Qi to any other standard conditions of 
pressure Ph and temperature Tb , using the gas laws, 


<2b-0.x^'x j," 


( 66 ) 


Equation 55 becomes 

Ob = 218.44KW 5* a/?'~ 
p^y TiG 


(57) 


Finally, since gases expand under the conditions of reduced pressure 
downstream from the orifice or nozzle, an expansion factor, F, must be 
added. The final formula, then, is 
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Ob = 218.44 KYDf ^ a /^h (58) 

P^y TtG 

In Equation 58, all the data must be observed at the time of measure- 
ment except K and Y. These must be obtained from charts, tables, or 
formulas, derived from or based oiv the results of a great many experi- 
ments, the results of which have been collected by a joint committee of 
the American Gas Association and the American Society of Mechanical 



Fig. 7. Flow Coefficients, K, for Square-edged Orifice Plates and 
Flange Taps in Smooth Pipe 
Note: From Table 6, Bibliography [H]. 



Fig. 8. Flow Coefficients, /C, for Square-edged Orifice Plates and 
Radius Taps in Smooth Pipe 
Note: From Fig. 36d, Bibliography [K]. 

Engineers^*^. The report of the two associations gives orifice coefficients 
as a function of the Reynolds number and of the ratio of orifice to pipe 
diameter, for pipes 2 to 12 in. and 14 in. in diameter, and for four 
different types of pressure taps in use in the United States. The coeffi- 
cients are higher for the smaller pipe sizes. This is an effect of the turbu- 
lence produced by the roughness of the pipe surface, a given roughness 
being relatively greater with a small pipe than with a large one. 

Space does not permit presenting all the coefficient data that are avail- 
able. However, if the pipe is smooth, drawn tubing, the effect of roughness 
is negligible, and the coefficients for the largest size of pipe apply also 
to smaller pipes. Figs. 7, 8, and 9 show these coefficients, being the 
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Fig. 9. Flow Coefficients, Ky for Square-edged Orifice Plates and 
Vena Contracta Taps, in Smooth Pipe 
Note: From Table 7, Bibliography [H], 

Reynolds number referred to the diameter of the orifice or throat of the 
nozzle, in feet. 

Pressure Taps — ^Location and Types 

The different sets of pressure taps are called flange taps, radius taps, 
vena contracta taps, and pipe or full-flow taps. The relative locations 
of the first three of these are shown in Fig. 10, and the need for different 
coefficients for the different taps is indicated by the course of the change 
in pressure of the flowing fluid shown in the lower part of the figure. 
Pipe taps are located 2| pipe diameters upstream and 8 pipe diameters 
downstream, both measured from the upstream face of the orifice plate, 



Fig. 10. Relative Location of Flange, Radius and Vena Contracta Taps 
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or in other words, before the orifice plate has had any effect on the flow, 
and after the recovery in pressure has been completed. The use of pipe 
or full-flow taps has been limited to the metering of natural fuel gas in 
certain areas. As they are not suited to use in heating and ventilating 
work no data for them are given in this chapter. 

Still another type of pressure tap, the comer tap, is used in European 
practice. Pressures are taken from recesses in the flange coimected to 
annular slits in the comers formed by the pipe wall and the orifice plate. 
Coefficients for these taps have been adopted by the InUrnational Standards 
Association, but are not used commercially in America. 

It will be noted that the location of the downstream pressure tap of 
the vena contracta arrangement is variable. Vena contracta is the term 
applied to the minimum cross-section of the jet from the orifice, where 
the static pressure is at a minimum. Its location, and the location of 
the downstream vena contracta tap, vary with the ratio of orifice to 
pipe diameter, and with rate of flow, as shown in Fig. 11; the tap is 
generally located in accordance with the mean curve in the figure. 



Fig. 11. Location of Vena Contracta in Relation to Ratio op Orifice 
TO Pipe Diameter and to Rate of Flow 


Expansion Factor for Gases 

The expansion factor, F, for gases (for liquids, F = 1) is found from 
the empirical formula 

r = 1 - (0.41 + 0.350*) 

This is applicable to flange, radius, and vena contracta taps. 

Values of Y for air, computed from these equations, are given in Fig. 12. 

Computing Orifice Discharge 

With this information it is possible to compute the discharge from an 
orifice if the ^smolds number is known. Here an odd complication is 
encountered— when the value of Ntu, is computed, the rate of flow, which 
is the unknown quantity, must be used in the computation. However, 
it will be noted in Figs. 7, 8, and 9 that the orifice coefficient does not 
change greatly as ATr. chants. If, then, an estimate is made of the 
velocity, using this in computing ATr., and if the corresponding coefficient 
is used in Equation 58, a value for the rate of flow will be found. Using 
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this velocity to compute a corrected value of Nrb and repeating the 
process, a more nearly correct value of Qf is found. This cut-and-try 
method may be continued for several more cycles, but generally the first 
or second correction will be found sufficient. 

Another method would be to use the value of K corresponding to 
Nue = «» , modifying this with a factor involving the rate of flow, deter- 
mined from the temperature, and the differential and static pressures. 
This method is used by the American Gcls Association^. 

STEAM FLOW MEASUREMENT 

While steam may be considered as a gas, its measurement differs from 
that of the usual gases because of a number of factors. Equation 52 
serves as the starting point. Since it is usual to measure the differential 



Fig. 12. Expansion Factor for Air and Other Diatomic Gases Applicable 
TO Flange, Radius and Vena Contracta Taps 


pressure in inches of water, it is necessary to convert hf , the head in feet 
in terms of the flowing fluid, to Aaw, the actual head in inches of water, 
using the equation : 


ht 


Pw 

12 7 


(60) 


where 


Pw ■= the density of water at 60 F (62.37 lb per cu ft) . 
p » the density of the flowing fluid. 


Substituting Equation 60 in Equation 52 gives 


Qf = 359.15 2CZ>2* 



(61) 


In steam measurement, a constant head of water is maintained over 
each leg of the manometer by means of condensing chambers, in order 
to keep the heat of the steam away from the meter. As the mercury 
level fluctuates, the difference in head as recorded on the chart, therefore, 
is not that due to mercury alone, but to mercury minus an equivalent 
head of water. To correct for this, the equation : 




12.557 
^ 13.557 


(62) 


is applied to Equation 61. The denominator in Equation 62 is the specific 


Fluid Flow 


91 


gravity of mercury ; and the numerator is the difference in specific gravity 
between mercury and water. Hence, Equation 61 becomes 


Qi 





Steam is commonly measured in terms of weight, and since 


(63) 


where 


Wh — pQf 


(64) 


Wh = the rate of flow in pounds per hour. 

m - 345.65 KDt* y/^Tp (65) 

The expansion factor F, and the factor P, correcting for the expansion 
of the orifice plate with the temperature, must then be applied, so that 

tn = 345.65 KYPDf Vw (66) 

which is the final form of the equation for the flow of steam through orifices. 
Values of K may be obtained from Figs. 7, 8, and 9, according to the 



Fig. 13. Variation or Orifice Plate Expansion Factor, P, 

WITH Temperature and Material 

pressure taps used. Y may be computed from Equation 59. Fig. 13 
gives values of the correction factor P, according to the temperature 
and the material of the orifice plate. Values of the density, p, may be 
obtained from steam tables, siicli as K(?enan and Keyes^, which are widely 
used. 

METERING LIQUIDS 

Orifices arc also used for metering liquids, and Equation 52 serves again 
as a starting point for developing the working formula. Again, it is 
necessary to convert ht to /i«w , the actual head in inches of water, by sub- 
stituting Equation (iO. It is also necessary to correct for the weight of the 
fluid above tlie manometer, and since this may be other than water, it is 
better to use an equation of more general form than Equation 62 : 

13.557 - — 

Pw 

13.557 




( 67 ) 
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where 

PI the density of the fluid over the mercury in the manometer. 
Pw the density of water at 60 F. 


Substituting Equations 60 and 67 in Equation 52 gives 

Q, - 44.764 KZV yj/ft. - O.OOlls) (68) 

Then, since liquids are generally measured in gallons instead of cubic 
feet, and since there are 7.4805 gal in 1 cu ft, 

Ow - 334.86 KDf _ O.OOlls) (69) 

in which Q« is the discharge or rate of flow, in gallons per hour. 



Fig. 14. Shape of ASME Long Radius Nozzle When Ratio of Throat 
TO Pipe Diameter is 0.53 or Less 

Since liquids, for practical purposes, are incompressible, no expansion 
factor is necessary. If circumstances demand, the factor P for the ex- 
pansion of the oriflce may be applied. Also, if it is necessary to correct 
the volumetric discharge to a base temperature, application of the known 
expansion characteristics of the liquid will enable the conversion to be 
made. Values of K again are obtainable from Figs. 7, 8, and 9, according 
to the type of pressure tap. 

NOZZLE COEFFICIENTS AND EXPANSION FACTORS 

Nozzles differ from orifices in that the flow is guided to the throat in 
such a way that contraction of the jet is supipressed, or, in other words, 
there is no vena contracta. Because of this fact, the coefficients are 
different from those of orifices, and are very close to unity before the 
velocity of approach factor is added. Also, the expansion factor may be 
deduced rationally, rather than empirically, as with orifices. 

Two shapes of nozzles that have been under investigation by the 
AIS.M.E. for some time are shown in Figs. 14 and 15. They are r^erred 
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to as long-radius nozzles. Their contour is that of a semi-ellipse, and the 
contracting portion is followed by a cylindrical section of the same area 
as the throat. The shape shown in Fig. 14 is designed for use with ratios 
of throat to pipe diameter of 0.53 or less, that of Fig. 16 for ratios of 0.4 
to 0.7. The most usual location of pressure taps is 1 pipe diameter up- 
stream and i diameter downstream, both measured from the plane of 
the nozzle inlet. In addition, the International Standards Association 
has adopted still another shape of nozzle, which has a somewhat sharper 
approach than the A.S.M,E. nozzles, and which uses corner taps. Very 
little use of this nozzle has been made in this country. 

The formulas already given for orifices apply equally to nozzles except 
for discharge coefficients, and for the expansion factor, when it is applied. 
Discharge coefficients for nozzles, as for orifices, vary with pipe size; 
they may either increase or decrease with decreasing size of pipes depend- 
ing on the sharpness of the approach curvature of the nozzle. For the 
A,S.M.E. nozzles, they tend to decrease. Generally speaking, too, the 



Fig. 15. Shape or ASME Long Radius Nozzle When Ratio 
OP Throat to Pipe Diameter is 0.4 to 0.7 


coefficient for a given nozzle shape is higher if the finish of the surface 
is smoother. 

Discharge coefficients, C, for pipes 2, 6, and 10 in. in diameter are 
given in Figs. 16, 17, and 18, as correlated by Bean, Beitler and Sprenkle®, 
as functions of the diameter ratio and the Reynolds number (Equa- 
tion 70) referred to the diameter of the throat in feet. 


Nn. 


DtVtPi 

Ml 


(70) 


Coefficients from these curves must be multiplied by , the velocity 

of approach factor, in accordance with Equation 50, to obtain the value 
of K to use in the various equations. 

The expansion factor for nozzles, designated by is obtained from a 
rational formula, as already noted : 
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Fio. 16. Relation of Nozzle Dischasoe Coefficient, C , for 2-Incii Pipe, 
TO Diameter Ratio and Reynolds Number 


V 




1 - 

1 — P2/P1 / \i 


1 -p* 




) 


(71) 


This formula is plotted for fc = 1.40 (air and other diatomic gases) and 1.30 
(steam, carbon dioxide, natural gas) in Figs. 19 and 20, respectively. 



Fig. 17. Relation op Nozzle Discharge Coefficient, C, for 6-inch 
Pipe, to Diameter Ratio and Retnolds Number 
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FLOW MEASUBEMEKT BY PITOT TUBE 

There remains one other head type meter useful in ventilating work, 
the Pitot tube, named for the Frenchman who discovered the principle. 
The Pitot tube is essentially a bent tube with its open end pointed up- 
stream, combined with another tube with its end pointed crosswise to the 
flow or downstream, or connected to'openings crosswise to the flow. Used 
with flowing liquid, the liquid will rise in each tube, but higher in the one 
pointed upstream. Used with a flowing gas, and the two tubes connected 
by a U-tube containing water, the liquid level in the U-tube will be dis- 
placed, with the lower level on the side connected to the tube pointed up- 
stream. The tube directed upstream receives the impact pressure, which 
is the sum of the static and kinetic pressures, while the tube directed 



Fig. 18. Relation of Nozzle Discbaboe Coefficient, C, fob 10-incb 
Pipe, to Diameteb Ratio and Reynolds Numbeb 


crosswise receives only the static pressure ; the difference between the two, 
as read on the separate tubes or on the U-tube is, of course, the kinetic 
pressure. The velocity is expressed as 

V - (72) 

Application of Equation 60 serves to make the formula general, assum- 
ing that water is used in the manometer connecting the two tubes. Using 
this equation, and multiplying by 60 to convert feet per second to feet per 
minute, 

- 1096.6 (73) 

in which Fm is the rate of flow in feet per minute. 

It is often difficult to obtain the exact static pressure. In the usual con- 
struction of Pitot tubes, the static pressure openings are downstream from 
the impact pressure opening, and turbulence induced by the nose may 
affect the static pressure reading. If the static pressure openings point 
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downstream in any degree, a suction effect is produced to falsify the 
reading. In instruments having the static pressure opening pointed down- 
stream, the coeflScient may be as low as 0.86. Consequently, for accurate 
work, Pitot tubes should be calibrated, and the pertinent coefficient should 
be applied to Equation 72. In a sense, this coefficient is advantageous, 
since it results in a higher differential reading, w^hich, in turn, enables more 
accurate readings at low flow's. 

In using Pitot tubes, it is generally necessary to make a traverse of the 
pipe or duct to determine the course of the velocity pattern. In a pipe, 
for instance, one of the profiles shown in Fig. 5 would be obtained. Near 
a valve or fitting, how’ever, the profile might be quite distorted, a fact 
which would be revealed by the traverse. If the pipe or duct is divided 



Fig. 19. Uelation of Expansion 
Factor, for Nozzles to Diameter 
Ratio and Pressure Loss for Air 
AND Other Diatomic Gases. 



Factor, <p, for Nozzles to Diameter 
Ratio and Pressure Loss for Steam, 
Carbon Dioxide and Natural Gas. 


into equal areas, and a determination of Aaw is made for each, the average 
velocity would be obtained by using the average of the square roots of 
Aaw in Equation 73. 

INSTALLATION OF NOZZLES AND ORIFICES 

A final note should be made of the installation of orifices and nozzles. 
Generally speaking, the orifice or nozzle, together with a holding arrange- 
ment, including pressure taps, is available from the manufacturer. In 
making the installation, the user should make certain that the flow ap- 
proaching the nozzle or orifice is steady and evenly distributed, i.e., with 
velocity profiles similar to those shown in Fig. 5. Fittings and valves, 
which tend to direct the flow to one side and which in some cases cause it 
to rotate as it advances, must be far enough upstream from the orifice or 
nozzle to permit the disturbed stream to straighten out to the even form 
before reaching the meter. Minimum conditions in the installation for 
avoiding trouble from fittings and valves are shown in Fig. 21. If neces- 
sary, straightening vanes may be used upstream from the orifice or nozzle 
at a distance of not less than 8 pipe diameters. 
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VARIABLE AREA FLOW METERS 

In the routine measurements of many liquids and gases, satisfactory 
results may be obtained by the use of variable area flow meters, frequently 
called rotameters. In their most common form these devices consist 
essentially of a float which is free* to move vertically in a transparent 
tapered tube. The fluid to be metered enters at the bottom, narrow end 
of the tube and moves upward, passing at some point through the annulus 
formed between the float and inside wall of the tube. At any particular 
rate of flow the float assumes a definite position in the tube, its location 
being indicated by means of a calibrated scale on the tube. 





Fig. 21. Minimum Conditions to be Observed When Installing Orifices and 
Nozzles Between FrrriNGs and Valves 


The position of the float is established by a balance between the fluid 
pressure forces across the annulus and the weight of the float itself. The 
buoyant force which must support the float, V{(pf — p), is balanced by the 
pressure difference acting on the cross section area of the float, AfAp, 
where pf, Af, Vf, are respectively the float density, float cross section area, 
and float volume. Accordingly the difference in head across the annulus 
is given by 


, Ap vt(pt — p) 
The volume flow follows from equation (51) as 


( 74 ) 


Q, — KAty/ZffvKpt — p)/pAi 


( 76 ) 
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and the mass flow as 

w = pQ. =» KAt\/2gvt(p{ — p)-p/At (76) 

The flow for any selected fluid is accordingly very nearly proportional 
to the area so that a convenient calibration of the tube may be obtained. 
The behavior of the flow coefiicient, K, has been investigated® and the ac- 
tion of the flow meter as just outlined, experimentally confirmed. The 
flow coefficient variation for any float must be known in order to use the 
meter for different fluids. Some developments have been carried out in 
the design of the float to reduce the variation of the flow coefficient with 
Reynolds number, and also on float materials to reduce the dependen(!e of 
mass flow calibration on fluid density. 

This t3rpe of flow meter is usually furnished in standard sizes calibrated 
for specific fluids by the manufacturer. The compactness, reliability, and 
ease of installation are particularly advantageous w’hen many measure- 
ments of essentially the same type are to be made. 

LETTER SYMBOLS USED IN CHAPTER 4 

fi = ratio, throat or orifice diameter to pipe diameter, 
p absolute viscosity in pounds per foot second, 
p/p s kinematic viscosity in square feet per second, 
p — density of flowing fluid in pounds per cubic foot, 
pw =* density of water at 60 F, (62.37 lb per cubic foot) . 

PI =» density of fluid over mercury in a manometer. 

<p — expansion factor for nozzles. 
a » velocity of sound in feet per second. 

A «= cross-sectional area of flow, in square feet. 

C = correction factor (coefficient of discharge) for flow through orifice, nozzle 
or Venturi. 

Cp = specific heat of gas at constant pressure. 

Cy ~ specific heat of gas at constant volume. 

D = diameter of fluid stream in feet. 

d = internal diameter of pipe in feet. 

e = absolute roughness of pipe surface, in feet. 

/ » dimensionless friction coefficient. 
g ~ gravitational acceleration in feet per (second) (second). 

Qo — gravitational conversion factor = 32.174 (pounds mass per pound force) 
X feet per (second) (second). 

G = specific gravity of gas referred to air. 
h = enthalpy, Btu per pound of fluid. 

~ loss of head in inches of w^ater. 
ht ~ loss of head in feet of fluid. 
ht — total head in feet of fluid. 
hyr = differential pressure in inches of water. 

J = mechanical equivalent of heat = 778 foot pounds per Btu. 

K = flow coefficient (correction factor), including velocity of approach correc- 
tion factor, for flow through orifice, nozzle or Venturi. 
k =* ratio of specific heat at constant pressure to specific heat at constant vol- 
ume. 

L — perpendicular distance from axis of pipe in feet. 

I — length of pipe in feet. 

M — Mach number. 

Njte — Reynolds number. 

P = correction factor for expansion of orifice plate with temperature. 
p = pressure in pounds per square foot. 

^ = stagnation pressure. 

Pe » critical pressure. 

Pb — standard pressure to which correction is to be made, pounds per square 
inch, absolute. 

Pf = pressure of gas flowing, pounds per square inch, absolute. 

Qb rate of flow in cubic feet per hour under standard conditions of pressure 
and temperature. 
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Qt = rate of flow in cubic feet per hour. 

Qb discharge rate in cubic feet per second. 

Qw = rate of flow in gallons per hour. 
q = heat transferred to the fluid per pound of fluid flowing. 

R = gas constant. 

Rn = hydraulic radius = ratif) of ajca of cross-section to wetted perimeter. 
r = radius of pipe in feet. 

s = entropy of fluid in Btu pcir (pound) (Fahrenheit degree) 

T = temperature, Fahrenheit degrees, absolute. 

7’l = standard temperature to which correction is to be made, Fahrenheit de- 
grees absolute'. 

Tt =» temperature of gas flowing, Fahrenheit degrees, absolute. 
u = interna] energy, Btu per pound of fluid. 

V velocity in feet per second. 

Fc = critical velocity, feet per second. 

Fbo = velocity of sound, feet per second, 
f^m = velocity in feet per minute. 

V = specific volume, cubic feet per pound. 

W =s mechanical work in foot pounds per pound of fluid flowing. 
w = weight of gas flowing, pounds per second, 
wjh “ weight of gas flovving, pounds per hour. 

V = expansion factor — correcting for expansion of gas under reduced down- 

stream pressure. 

z = elevation above some arbitrary datum, in feet. 
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CHAPTER 5 

FUNDAMENTALS OF HEAT TRANSFER 


Conduction, Convection, Radiation, Combined Convection and Radiation, Heat 
Flow Resistance, Practical Heat Transfer Problems, Unit Conductances for 
Convection Flow Systems, Radiation Factors or Emissivities, Solutions 
for Steady -State Conduction Problems 


H eat is that form of energy that is transferred by virtue of an existing 
temperature difference. The temperature difference is the potential 
which causes the transfer, the latter in turn being resisted by the thermal 
properties of the material combined in a single term known as the resis- 
tance. Energy exchange associated with evaporation, condensation, etc. 
is treated elsewhere such as in the section on cooling tower design in 
Chapter 37. The objectives of this chapter are to : 

1. Describe the mechanisms and present the rate equations for the different modes 
of heat transfer. 

2. Illustrate the application of the basic concepts to steady -state problems (tern* 
perature independent of time or a cyclic variable thereof) by means of several typical 
solutions of heat transfer systems. 

Further applications to specific systems will be found throughout The 
Guide. 


CONDUCTION, CONVECTION AND RADIATION 

Thermal conduction is the term applied to the mechanism of heat trans- 
fer whereby the molecules of higher kinetic energy transmit part of their 
energy to adjacent molecules of lower kinetic energy by direct molecular 
action. Since the temperature is proportional to the average kinetic 
energy of the molecules, thermal transfer will occur in the direction of 
decreasing temperature. The motion of the molecules is random; there 
is no net material flow associated with the conduction mechanism. In 
the case of flowing fluids, thermal conduction is significant in the region 
very close to a solid boundary or wall, for in this region the flow is laminar, 
parallel with the wall surface, and there are practically no cross currents 
in the direction of the heat transfer across the solid fluid boundary. In 
solid bodies the significant mechanism of heat transfer is always thermal 
conduction. 

Contrasted to the thermal conduction mechanism, thermal convection 
involves energy transfer by eddy mixing and diffusion' in addition to 
conduction. This is shown schematically in Fig. 1 which exhibits transfer 
from a pipe wall at surface temperature t to a colder fluid at a bulk tem- 
perature t{. (Bulk temperature is that which would be attained if the 
fluid stream were drawn off at a certain section and mixed. It is therefore 
slightly higher than the lowest temperature in the stream). In the 
laminar sublayer, immediately adjacent to the wall, the heat transfer 
occurs by thermal conduction; in the transition region, which is called 
the buffer layer, eddy mixing as well as conduction effects are significant ; 
in the eddy or turbulent region the major fraction of the transfer occurs by 
eddy mixing. 

In most commercial equipment the main body of the fluid is in turbu- 
lent flow, and the laminar film exists at the solid walls only, as shown in 
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Fig. 1. But in cases of low- velocity flow in small tubes, or with viscous 
liquids such as heavy oil (low Reynolds numbers), the entire flow may be 
laminar. In these latter cases there is no transition or eddy region. 

When the fluid currents are produced by sources external to the heat 
transfer region, as for example by a pump, the described solid to fluid heat 
transfer is termed forced convection. In contrast, if the fluid currents are 
generated internally, as a result of non-homogeneous densities arising 
from the temperature variations, the heat transfer is termed free cmvection. 

In the conduction and convection mechanisms heat is transferred as 
internal energy, i.e., the random molecular kinetic energy associated with 



Fig. 1. Thermal Convection Conditions 

the material temperature. For radiant lieat transfer y however, a change 
in ener^ form takes place from internal energy at the source to electro- 
magnetic energy for transmission, then back to internal energy at the 
receiver. 

The rate of heat transfer, corresponding to the three transfer mech- 
anisms previously described, may be expressed by three rate equations. 


Table 1. Approximate Unit Thermal Conductivities* 
Conductivity y k = Btu per (Jkr) (sqft) (F deg per in,) 


Material 

k 

Material 

* 

Air 

0.168 

1416.0 

720.0 

336.0 

2640.0 

3.0—7.32 

LpaH , , 

240.0 

408.0 

2.4—12.0 

312.0 

4.08 

Aluminum 

(70 - .^0) 

Nickel 

Soil 

Cnst-Iron. 


Copper 

Glass. 

Water, liquid 


* Thermal conductivities depend to some extent on temperature. The above magnitudes are approxi- 
mate onlv. Refer to Heat Transmission, 2nd edition, by W. H. McAdams (McGraw-Hill Co., 1942) for addi- 
tional values. 


These are similar to Ohm’s Law for electrical flow, the current flow through 
a resistance being proportional to the potential difference. 

Thermal Conduction Equation 

Equation 1 states symbolically that the thermal conduction per unit 
transfer area normal to the flow, (dq)/(dA), Btu per (hour) (square foot), 
is proportional to the temperature gradient {dt)/ (dL), Fahrenheit degrees 
per foot. The proportionality factor is termed the thermal conductivity^ 
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k, Btu per (hour) (square foot) (Fahrenheit degree per foot of thickness). 


-ib- 
dA dL 


( 1 ) 


The minus sign on the right side of the equation ig introduced to indicate 
positive transfer in the direction of decreasing temperature. Fig. 2 shows 
the physical significance of indicated quantities. 

It should be emphasized that the thermal conductivity used should be 
expressed in consistent units; either using the inch or foot throughout. 

Expressions of conductivity used in the berating field are usually incon- 
sistent in this sense, in that it is customary to refer to the conductivity 
per square foot but for one inch of thickness. This custom has been adopted 
for the reason that wall thicknesses are usually expressed in inches, whereas 
if expressed in feet, decimal or fractional thicknesses would result. When 
dealing with flat walls no complication is involved in using the inconsistent 



Fig. 2. Thermal Conduction in a Flat Slab 

expression of conductivity. However, when curved or spherical walls are 
considered, considerable complication is involved. Therefore, in this 
discussion the consistent units of conductivity expressed in Btu per (hour) 
(square foot) (Fahrenheit degrees per one foot thickness) are used throughout. 
Conductivity values obtained from Chapter 6 or Table 1 in this chapter^ 
must therefore be converted for use in the calculations of this chapter by dividing 
by 12, As an example, the conductivity of brick listed as 5.0 in Table 2 
of Chapter 0, becomes 0.42 when used in the calculations of this chapter. 
Also, it should be emphasized that in order to make the calculations and 
applications consistent in this chapter, all dimensions of thickness must be 
expressed in feet. 

Thermal Convection Equation 

( 2 ) 

aA 

This rate equation states that the thermal convection per unit transfer 
area (dq)/(dA), Btu per (hour) (square foot) is proportional to the tem- 
perature difference (tn'-U) which is the temperature of the surface less 
that of the fluid. The particular fluid temperature to use for a given 
system will be noted under the discussion of that system. The propor- 
tionality factor is termed the unit convection conductance (sometimes called 
the film coefficient for convection), lu, Btu per (hour) (square foot) 
(Fahrenheit degree). These convection conditions are illustrated in Fig. 1 . 
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Table 2. Approximate Unit Conductances fob Thermal Convection fob 

CTVERAL Flow Systems* 

Expressed in Convenient Empirical Form 


Case 

System 

Unit Conductance Equation!* 

Forced Convechon 

1. 

Longitudinal flow in cylinders, turbulent 
region. Fluid being heateds. 

For (-^) > 3000 

2. 

For longitudinal air flow in cylinders case 1 
reduces tos. 

ho - 0.0036 (FVC'* 

For (-^) > 3000 

3. 

For longitudinal water flow in cylinders case 1 
reduces too. 

Jk. - 0.00486 (1 + 0.0U) 

For (-^) > 3000 

4. 

Air flow normal to a single right circular 
cylinder. 

Ji, -0.46 (4-)+ 0.178 C-» (i)'-** 

5. 

Air flow over staggered pipe banks. 

ho - 0.061 G*“ 

6. 

Air flow over single spheres. 

ho - 0.040 ^ 

0 < f < 250 F 

7. 

Air flow over plane surfaces. 

Ae - 1 + 0.22 V» 

For Vb < 16 fps 
or Ae - 0.53 F.*** 

16 fps < Vs < 100 fps 

8. 

Air flow normal to finned cylinders. 

. AO / C 

V 3600 ) 

0 < f < 250 P 


Fbeb CONVXCnONd 


0. 

Single horizontal right circular cylinder in air. 


10. 

Vertical surfaces in air. 

ho - 0.3 

11. 

Top surface of horizontal plates to air. 

ho - 0.4 •• 

12. 

Bottom surface of horizontal plates to air. 

he - 0.2 » 


* Heat Traxismiflsion, by W. H. MoAdams. 

^ Fluid properties should be evaluated at the aritbmetio mean fluid temperature, U » (iaurfaM + < fluid) 
divided by 2. 

* These expressions are applicable to longitudinal flow in other than right circular cylinders provided the 
hydraulic radius is employed as the conduit dimension parameter. For non-circular erosa-aections 

^ For low rates of heat transfer by free eonveetion the exponent decreases towards sero, and for higher 
rates increases towards 0.33. The following equations employing an exponent equal to 0.25 are applicable 
in the intermediate range. 
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The heat transmission by free or natural convection for objects sur- 
rounded by air can be conveniently expressed as in Equation 2a : 

/iV-*/ 1 V-*® 

* 

where 

qo ** heat transmission by convection, Btu per (square foot) (hour) . 

C » a constant depending upon the shape of the surface. 

D = diameter of pipe or circular duct or height of vertical wall, inches. 
(Effect of diameter or height becomes constant at 24 in.) 

7’ftv = average of wall surface and surrounding air temperature, Fahrenheit 
degrees absolute. 

— it = temperature excess between wall surface and surrounding air, Fahren- 
heit degrees. 

For horizontal cylinders, the value of C = 1.016 has been well estab- 
lished by various investigations. For vertical plates, the value of (7 = 
1.394 has been fairly well established. Suggested values® of C for hori- 
zontal plates warmer than the surrounding air are 1 .79 when facing upward 
and 0.89 when facing downward. 

Problems in either forced convection or natural convection may be solved 
by the simple first-power equation if the convection coefficient is expressed 
as a unit conductance : 

qc K A (it - it) (2b; 


where 


qo = heat transmission by convection, Btu per hour. 

A =« surface area, square feet. 

t\ — it ^ temperature difference between the surface and the fluid F’ahrenheit 
degrees. 

ho “ unit conductance, from Table 2, Btu per (square foot) (hour) (Fahren- 
heit degree temperature difference.) 

Thermal Radiation Equation 

The relation shown in Equation 3 is usually applicable to systems in 


NOMENCLATURE AND DIMENSIONS FOR TABLE 2 

Cp * fluid unit heat capacity at constant pressure, Btu per (pound) (Fahrenheit 
degree). 

D “ cylinder diameter, feet. 

G » 3600 V,p “ fluid mass velocity, pounds per (hour) (square foot of flow 
cross-section). 

p = density, pounds per cubic foot. 

ho « unit conductance for thermal convection, Btu per (hour) (square foot) 
(Farhrenheit degree). 

k = unit thermal conductivity of the fluid, Btu per (hour) (square foot) 
(Fahrenheit degree per one foot thickness). 

Eh » hydraulic radius of the flow cross-section » flow cross-section area per 
wetted ijerimeter, feet. 

8 a fin spacing, feet. 

i a average fluid fllm temperature, Fahrenheit degree, 
h— fe *■ temperature difference surface to main fluid, Fahrenheit degree. 

Vo *» fluid velocity, feet per second. 

p « fluid viscosity, pounds per (hour) (foot) « viscosity in cciitipoises X 2.42. 
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which radiant exchange takes place between the surfaces of solids, as sche- 

qt ■* ffAiFxPn (Ti* — Ti^) (3) 

matically shown in Fig. 3. Gaseous and luminous radiation are not con- 
sidered in this discussion. Equation 3 states that the net radiation per 
unit transfer area of surface 1, qj A Btu per (hour) (square foot), which 
sees surface 2 through a non-absorbing medium, is proportional to the 
difference of the fourth powers of the absolute surface temperatures 
(Ti* — r 2 ^). The proportionality factor (o-FaFb) may be conveniently 
separated into three parts: 

a- *» the Stefan-Boltzmann radiation constant >= 1730 X Btu per (hour) 
(square foot) (Fahrenheit degree absolute temperature to the fourth power). 
Fa » the configuration factor which is dimensionless and ^ 1. This factor accounts 
for the shape and relative position of the two surfaces. The value of Fa = 1 
may be used in the cases of large parallel planes, long concentric cylinders or 
smaller bodies in large enclosures. 

Fb « the emissivity factor which is also dimensionless and ^ 1. This factor ac- 



Fig. 3. Radiation Between Subfaces 

counts for the absorption and emission characteristics of the surfaces for the 
mdiation which exists. Individual emissivities (e) should be taken from 
Table 3 and applied, for either radiation or absorption, as follows: 

a. For a small body in a large enclosure, use the emissivity of the small body 
only; Fb « «i. 

b. For large parallel planes, long concentric cylinders or large enclosed bodies, 
use both emissivities in the equation : 



€l C2 


The radiation under black-body conditions, or for an emissivity of 1.0, 
is given in Table 4* for cold surfaces as low as —39 F to warmer surfaces 
as high as 139 F. The emissivities of a number of surfaces ordinarily 
encountered in engineering practice are shown in Table 3. For radiation 
table at higher temperatures, and further discussion of radiation calcu- 
lations, see Chapter 31. 

Combined Convection and Radiation 

It should be noted that the previous equations and tables give the heat 
transfer by convection and by radiation computed separately. In many 
practical cases it is desirable to treat convection and radiation as a single 
combined process, using a first-power equation : 

<?rc hre A (ii — 1 %) (4) 

where ^fre is the total heat flow due to radiation and convection, in Btu 
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per hour. Values of /ire, the surface or film conductance for combined 
radiation and convection, are given in Chapter 6, (Table 1 and Fig. 3). 
Complete tables for the combined heat transfer of steam and hot water 
radiators, pipes, coverings, etc., will be found in the appropriate chapters. 
When dealing with the effect of operating temperatures upon the com- 


Table 3. Radiation Factobs or Emissivities, €. 
For the determination of factor F* in Equation S 


Class 

Surfaces 

Fractio.v of Black-Body 
Radiation 

ABSORFTtVITY 

FOR 

Solar 

Radiation 

At 60-100 F 

1 At 1000 F 

1 

A small hole in a large box, 
sphere, furnace, or enclosure 

0.97 to 0.99 

mm 

0.97 to 0.99 

2 

Black non-metallic surfaces such 
as asphalt, carbon, slate, 
paint, paper. 

0.90 to 0.08 

0.90 to 0.98 

0*85 to 0.98 

3 

Red brick and tile, concrete and 
stone, rusty steel and iron, 
dark paints (red, brown, 
green, etc.) 

0.85 to 0.95 


0.65 to 0.80 

4 

Yellow and buff brick and stone, 
firebrick, fire clay. 

0.85 to 0.05 

0.70 to 0.85 

0.50 to 0.70 

5 

White or light-cream brick, tile, 
paint or paper, plaster, white- 
wash 

0.85 to 0.95 

0.60 to 0.75 

0.3 to 0.5 

6 

Window glass. 

0.90 to 0.95 


Transparent* 

7 

Bright aluminum paint; gilt or 
bronze paint 

0.4 to 0.6 

IH 

0.3 to 0.5 



8 

Dull brass, copper, or alumi- 
num; galvanized steel; pol- 
ished iron 

0.2 to 0.3 

0.3 to 0.5 

0.4 to 0.65 

9 

Polished brass, copper, monel 
metal 

0.02 to 0.05 

0.05 to 0.15 

0.3 to 0.5 

10 

Highly polished aluminum, tin 
plate, nickel, chromium. 

0.02 to 0.04 

0.05 to 0.10 

0.10 to 0.40 


■Reflects about 8 per cent 


bined heat transfer of a given piece of equipment (as for instance a steam 
radiator), another form of equation is frequently used : 

gro » 5 A - ttT (5) 

Values of n in this equation usually range from 1.3 to 1.5 (see Chapter 25). 
The chief advantage of this equation is the convenience of representing 
heat transfer performance on logarithmic coordinates, and the factor B 
should be regarded as a simple constant of proportionality. 

HEAT-FLOW RESISTANCE 

In most of the steady-state heat transfer problems encountered in air 
conditioning applications, more than one of the heat transfer mechanisms 
are effective, and the thermal current flows through several resistances in 
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series'^or in parallel. In using the resistance concept the calculations in- 
volved are analogous to the application of Ohm’s Law in electricity, viz,j 
the heat flow or thermal current is directly proportional to the thermal 
potential or temperature difference, and inversely proportional to the 
thermal resistance : 


Following the electrical analogy, when there is a thermal current flowing 
through several resistances in series^ the resistances are additive : 

Rt — + • • • + ft* (7) 

Similarly, conductance is the reciprocal of resistance, and for heat flow 


Table 4. Heat Transmission by Radiation for Black-Body Conditions* 
Expressed in Btu per (square foot) (hour) 



0 

-1 

-2 

-3 

B 

-5 

B 

B 

-8 

-9 

-30 

59.3 

58.7 


57.7 

57.2 

56.7 

56.2 

55.7 

55.2 

54.7 

-20 

65.2 

64.7 

■So 

63.5 

62.9 

62.3 

61.7 

61.1 

60.5 

59.9 

-10 

71.4 

70.8 

70.1 

69.5 

68.9 

68.3 

67.7 

67.1 

66.4 

65.8 

0 

78.0 

77.4 

76.7 

76.0 

75.4 

74.7 

74.0 

73.4 

72.7 

72.1 


0 

+1 

+2 

4-3 

+4 

+s 

+6 

+7 

+8 

+9 

0 

78.0 

78.7 

79.4 

80.1 

80.8 

81.5 

82.2 

82.9 

83.6 

84.3 

10 

85.0 

85.7 

86.5 

97.2 

88.0 

88.7 

89.4 

90.2 

90.9 

91.7 

20 

92.4 

93.3 

94.0 

94.8 

95.6 

96.4 

97.2 

98.0 

98.8 

99.6 

30 

100 

101 

102 

103 

104 

105 

105 

106 

107 

108 

40 

109 

no 

111 

112 

112 

113 

114 

115 

116 

117 

50 

118 

119 

120 

121 

122 

123 

123 

124 

125 

126 

60 

127 

128 

129 

130 

131 

132 

133 

134 

135 

136 

70 

137 

138 

139 

140 

142 

143 

144 

145 

146 

147 

80 

148 

149 

150 

151 

152 

153 

154 

155 

156 

157 

90 

159 

160 

161 

162 

163 

164 

166 

167 

168 

169 

100 

170 

171 

173 

174 

175 

176 

178 

179 

180 

182 

no 

183 

184 

185 

187 

188 

189 

191 

192 

193 

195 

120 

196 

197 

199 

200 

201 

203 

204 

206 

207 

209 

130 

211 

212 

214 

215 

217 

218 

220 

221 

222 

224 


•^Example: Radiation from walls of room at 32 F to surface at — 25 F for effective emissivity of 0.95 > 
(102 — 62.3) 0.95 — 37.7 Btu per (square foot) (hour). 


through several resistances in parallel^ the conductances are additive : 


Ct 


Rt 


1 + 1 + 1 + 
Ri Ri R» 



( 8 ) 


Practical Heat Transfer Problems 

The use of these relations for resistance and conductance makes pos- 
sible the solution of many practical heat transfer problems. As discussed 
in Chapters C, 7 and 28, the practical analyses of heat transfer in building 
walls, in fin-tube coils and in pipe coverings, are usually computed by tUs 
method. The same reastance analysis may be applied to complicated 
steady-state conduction problems. Table 5 gives the resistances in six 
common cases of steady-state conduction. 

A complete analysis by the resistance method is well illustrated by 
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considering the heat transfer from the air outside to the cold water inside 
of an insulated pipe. The temperature gradients and the nature of the 
resistance analysis are indicated by the two sketches of Fig. 4. 

Since air is sensibly transparent to radiation, there will be some heat 
transfer by both radiation and conveption to the outer insulation surface. 
The mechanisms act in parallel on the air side. *The total transfer by 
radiation and convection then passes through the insulating layer and the 
pipe wall by thermal conduction, and thence by convection and radiation 
into main cold water streams. (Radiation is not significant on the water 
side as liquids are sensibly opaque to radiation, although water transmits 
energy in the visible region). The contact resistance between the insula- 
tion and the pipe wall is presumed to be equal to zero. 

Referring to Fig. 4, the heat transferred for a given length N of pipe, 
Qre, Btu per hour, may be thought of as flowing through the parallel 
resistances Rt and Ro, associated with the insulation surface radiation and 
convection transfer. Then the flow is through the resistance offered to 
thermal conduction by the insulation, /is, through the pipe wall resistance, 
7?2, and into the water stream through the convection resistance, Ri, 
Note the analogy to the direct current electrical circuit problem. A 
temperature (potential) drop is required to overcome these resistances to 
the flow of thermal current. The total resistance to heat transfer, Rt, 
hour Fahrenheit degrees per Btu, is the summation of the individual 
resistances : 


~ i2i 4- + -^4 (9) 

where the resultant parallel resistance Ri is obtained from : 

1 = 1+1 
R, i2, ft 

Provided the individual resistances may be evaluated, the total resistance 
can be obtained from this relation. Then the heat transfer for the length 
of pipe ( AT, ft) can be established by the relation : 

Qn, (Btu per hour) = (10) 

Rt 

For a unit length of the pipe the heat transfer rate is : 

^ (Btu per hour foot) = (11) 

N RtN 

The temperature drop, At, through an individual resistance may then be 
calculated from the relation : 


At ** R Qrc 

where R is the resistance in question. 

The problem is now reduced to one of evaluating th(j individual resist- 
ances of the system. This entails suitable integration of the rate Equa- 
tions 1, 2 and 3 to produce expressions of the form : 


where q is the heat transfer rate, and At is the potential drop or tempera- 
ture difference through the resistance R. Table 5 lists such solutions for 
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six different conduction systems. Table 2 in Chapter 6 and Table 1 of 
this chapter indicate the magnitudes of the thermal conductivities, fc, to 
be employed in the expressions of Table 5, after dividing k by 12. 

The solution applicable to the problem depicted in Fig. 4, for the cal- 
culation of and /Zs, is case 2 in Table 5. Thus for b. 1 ft length of 2 in. 
nominal size pipe (I. D. = 2.067 in., O. D. = 2.375 in.) insulated with 
1 in. of material having a conductivity of 0.025 : 

, 1.188 
1.033 

^ : ” 8.5 X lO”^ hr Fahrenheit degree per Btu. 

X 26 X 1 

, 2.188 
1.188 

^ n ^ “ 3.9 hr Fahrenheit degree per Btu. 

2ir X 0.025 X 1 

The convection resistances to heat transfer from the pipe wall to the 
cold water, /2i, and from the air to the surface of the insulating material, 



Fig. 4. Heat Transfer Conditions in an Insulated Cold Water Line 

/Zc, are dependent on the flow conditions prevailing at these surfaces, and 
on the thermal properties of the fluids. The unit conductances for thermal 
convection, Ac, Btu per (hour) (square foot) (Fahrenheit degree), have 
been determined by test for many flow systems. These data may be 
employed to predict the conductances for similar flow systems. Table 2 
summarizes some empirical equations expressing such test results. 

For the problem under consideration (Fig. 4) case 3 of Table 2 is ap- 
plicable for the calculation of the cold water side convection resistance Ri. 
Corresponding to the water velocity of 5 fps, the mass velocity is : 

(y « 5 (ft per sec) X 62.4 (lb per cu ft) X 3600 (sec per hr) = 11.2 X 10® lb per (hour) 
(square foot). 

The inside diameter of the pipe D is 2.067/12 = 0.1725 ft. 

The average water film temperature will be estimated as 36 F (mixed 
mean fluid temperature of 34 F). Then case 3, Table 2 yields : 

fll 2 X 10*)®-* 

he = 0.00486(1 + 0.36) “ 650 Btu per (hr) (sq ft) (F deg). 

The transfer area on which this conductance is based is the inside tube 
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area. Associated with 1 ft length of pipe there are : 




0.542 sq ft. 


Thus the resistance for 1 ft of tube length is: 


Ri 


1 

hoirD X 1 


1 

650 X 0.542 


=* 2.8 X 10"* hr Fahrenheit degree per Btu. 


Case 9, Table 2 is applicable for calculating the free thermal convection 
resistance, existing between the surrounding air and the insulation. 
The air temperature is given as 120 F. As an approximation a 20 deg 
temperature difference between the air and the pipe surface will be as- 
sumed. D = 4.375/12 = 0.364 ft. Then case 9 yields : 


ho 



0.63 Btu per (hour) (square foot) (Fahrenheit degree). (13) 


This result may not be deemed conservative inasmuch as the expression 
is for still air. If, however, the air is not still, but flows at approximately 
5 mph or 7 fps the mass velocity corresponds to : 

G — 7 X 0.07 X 3600 = 1770 lb air per (hour) (square foot). 

A magnitude of A; = 0.014 Btu per (hour) (square foot) (Fahrenheit 
degree per one foot thickness) applied to case 4 yields: 

( 0.014\ , /0.014V«* 

^-) 4 - 0 . 1780770 >-(-^) 

« 0.017 -f 2,8 = 2.8 Btu per (hour) (square foot) (Fahrenheit degree). 


This conductance is based on 1 sq ft of outside lagging area. Thus, since 
there arc t X (4.375/12) = 1.14 sq ft of outside lagging area associated 
with 1 ft length of pipe: 


i?c = 


1 

2.8 X 1.14 


=* 0.312 hr Fahrenheit degree per Btu. 


The radiation resistance, i?,, which acts in parallel with the convection 
resistance, It a for the transfer of heat to the surface of the insulation, may 
be calculated. For the purposes of this illustrative problem it will be 
assumed that the insulated pipe is exposed to {sees) surroundings, which 
exist at 120 F. Then the angle factor, Fa, is unity and for an estimated 
surface emissivity of 0.9 (see Table 3), Fe = 0.9. As a first approximation 
the insulation surface temperature will be estimated as 20 deg below 
the surroundings at 120 F. Then the radiation per dc^gree of temperature 
difference, by Equation 3 (or more conveniently by Table 5) divided by 
the temperature difference will be : 

hr = as 1.17 Btu per (hour) (square foot) (Fahrenheit degree). 


The outside surface area of the insulation associated with 1 ft of pipe 
length was previously calculated as 1.14 sq ft. Thus : 


Rt 


1^ 

1.17 X 1.14 


0.75 hr Fahrenheit degree per Btu. 
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Table 5. Solutions for Some Steady-State Thermal Conduction Problems** ^ 



* The dimeneions to be employed in these solutions are: length of dimension p, L, r « feet; units of A; ■■ 
Btu per (hour) (square foot) (Fahrenheit degree for one foot thickness); units of h, Btu per (hour) (square 
foot) (Fahrenheit degree); units of area, A square feet. 

^ The thermal conductivity, k, in these solutions should be taken at the average material temperature 
(see Table 2). 

* Log* X 2.303 logio X. 

^ This expression can also be employed as an approximation for tapered fins or of annular fins by em- 
ploying average magnitudes of A and p. 

* tanh is the hyperbolic tangent. 
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The resultant resistance of Rc and 72, acting in parallel (see Fig. 4) can 
now be evaluated as: 

+ 4* “ (hour) (Fahrenheit degree). 

Ki Ho Itr U.oU U.7o 

Ri ~ 0.22 hr Fahrenheit degree per ]}tu. 

The over-all resistance, Rt, surroundings to cold water, is the sum of 
Ri + i ?2 + 7?3 + 7^4 = 4.1 hr F deg per Btu for 1 ft length of pipe. Note 
that the controlling resistances are 72^ and Ra and that neglect of both Ri 
and 7^2 would not significantly influence the total resistance, Rt- 

t)n the basis of this resistance calculation the heat transfer from the 
surroundings to the cold water may be evaluated as : 

^re to *“ U 120 — 34 ^ ^ 

— *» — — = — 7 “ — *■ 21 Btu per (hour) (foot) 

N Rt 4.1 

or about 0.175 tons of refrigeration per 100 ft of pipe. 

Since the calculation is based on a 1 ft pipe length : 

Qro =* 21 Btu per hour. 

The temperature drops through the various resistances are now readily 
evaluated by Equation 12 as ; 

to — Ut air to insulation surface = R 4 Qto = 0.22 X 21 ■> 4.6 F. 

io% — Ut through the insulation = R$ q,o = 3.9 X 21 ■= 82 F. 

lot — lai through the pipe wall » Rt g,o •= 8.5 X 10"^ X 21 = 0.02 F. 

loi — ti pipe wall to cold water « 72i gro - 2.8 X 10^ X 21 « 0.06 F. 

The solution was obtained on the assumption that the air temperature 
and the outside temperature differed by 20 deg. In order to obtain a 
slightly better estimate of the rate of heat transfer the numerical solution 
should be repeated using the temperatures calculated from the previous 
listed temperature differences. 

The foregoing problem serves to illustrate a general method of solving 
steady-state heat transfer problems. There are many problems which 
cannot be approximated by steady-state solutions. For instance, the 
problem of pipe line insulation in transient service ; the behavior of auto- 
matically controlled thermoflow circuits; or the periodic absorption of 
solar energy l)y roof and wall structures during the day and nocturnal 
radiation to the cold sky at night. The transient heat transfer problem 
differs from the steady-state in that energy storage rates need to be con- 
sidered. Thus thermal capacity in addition to resistance effects is signifi- 
cant. The vector sum of the thermal capacitance and resistance is the 
thermal impedance. It is not within the scope of this chapter to deal 
with these problems. There are, however, solutions available in graphical 
form for certain special cases. Also a general approximate method may 
be employed which is analogous to the treatment of capacity-resistance 
lumped parameter electrical circuits. 
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CHAPTER 6 


HEAT TRANSMISSION COEFFICIENTS OF 
BUILDING MATERIALS 

Heat Transfer Symbols; Calculating Over-all Coefficients; Conductivity of Homo- 
geneous Materials; Surface Conductance; Air Space Conductance; Practical 
Coefficients and Their Use; Computed Heat Transmission Coefficients; 
Roof Coefficients; Combined Ceiling and Roof Coefficients; Basement 
Floor, Basement Wall, and Concrete Slab Floor Coefficients; Cal- 
culating Surface Temperatures; Water Vapor and Condensation; 

Vapor Transmission; Condensation Control 


T he design of air conditioning or heating systems for buildings requires 
a knowledge of the thermal properties of the walls enclosing the space. 
The rate of heat flow through the walls under steady-state conditions at 
design temperatures is usually the basis for calculating the heat required. 
For a given wall under standard conditions the rate is a specific value desig- 
nated as ?7, the over-all coefficient of heat transmission. It may be deter- 
mined by test in a guarded hot box apparatus or it may be computed from 
known values of the thermal conductance of the various components. 
Because testing of all combinations of building materials is impracticable, 
the procedure and necessary data for calculation of the value of U are 
given in this chapter, together with tables of computed values for the more 
common constructions. 

HEAT TRANSFER SYMBOLS 

U = over-all coefficient of heat transmission (air to air) ; the time rate of heat flow 
expressed in Btu per (hour) (square foot) (Fahrenheit degree temperature difference 
between air on the inside and air on the outside of a wall, floor, roof or ceiling). The 
term is applied to the usual combinations of materials in construction and also to 
single materials, such as window glass, and includes the surface conductance on both 
sides. 

h s thermal conductivity ; the time rate of heat flow through a homogeneous mate- 
rial under steady conditions through unit area per unit temperature gradient in the 
direction perpendicular to the area. Its value is expressed in Btu per (hour) (square 
foot) (Fahrenheit degree jier inch of thickness). Materials are considered homogene- 
ous when the value of k is not affected by variation in thickness or size of sample 
within the range normally used in construction. 

C — thermal conductance; the time rate of heat flow through a material from one 
of its surfaces to the other per unit temperature difference between the two surfaces. 
Its value is expressed in Btu per (hour) (square foot) (Fahrenheit degree). The term 
is applied to specific materials as used which may be either homogeneous or hetero- 
geneous. 

/ = film or surface conductance; the time rate of heat flow between a surface and 
the surrounding air. Its value is expressed in Btu per (hour) (square foot of surface) 
(Fahrenheit degree temperature difference) . Subscripts i and o are used to differenti- 
ate between inside and outside surface conductances respectively. 

a thermal conductance of an air space; the time rate of heat flow through an air 
space per unit temperature difference between the boundary surfaces. Its value is ex- 
pressed in Btu per (hour) (square foot of area) (Fahrenheit degree).^ The conduct- 
ance of an air space is dependent on the temperature difference, the height, the depth, 
the position and the character of the boundary surfaces. The relationships are not 
linear and accurate values must be obtained by test and not by computation. 

R = thermal resistance. Its value is expressed in Fahrenheit degrees per (Btu) 
(hour) (square foot). It may represent any of the following and must therefore be 
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properly described as one of the following: 

^ SB over-all or air-to-air resistance 

- » resistance per unit thickness (resistivity) 
k 

~ » resistance of a material (surface-to-surface) 
c 

j s= film or surface resistance 

^ » air space resistance 

a 



WITH Density — for Fibrous Material 


CALCULATING OVER-ALL COEFFICIENTS 

From Chapter 5, Equation 7, the total resistance to heat flow through a 
wall is equal numerically to the sum of the resistances in series. 

Rt = Ri R2 "h R Rn 


where, Ri -f Ri, etc. are the individual resistances of the wall components. 

Rt = total resistance. 

For a wall of a single homogeneous material of conductivity k and thick- 
ness X, with surface coefficients /i and /©, 


Rt 


f. k ^fo 


( 2 ) 


Then by definition, ^ 

Kt 

For a wall with air space construction and consisting of two homogeneous 
materials of conductivities h and ^ 2 , thicknesses Xi and X 2 respectively, 
and separated by an air space of conductance a, 


Rt 


-7+r+-+r+r 

fi ki a kt /. 


( 8 ) 
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and 

In the case of types of building materials having non-uniform or irregu- 
lar sections such as hollow clay tile or concrete blocks, it is necessary to 
use the conductance C of the section unit as manufactured instead of a 
conductivity k. The resistance of the section 1/C is therefore substituted 
for x/k in Equations 2 and 3. 

CONDUCTIVITIES AND CONDUCTANCES 

The method of calculating the over-all coefficient of heat transmission 
for a given construction is comparatively simple, but accurate values of 
conductivities and conductances must be used to obtain satisfactory re- 
sults. In addition there are sometimes parallel heat flow paths of different 



Fig. 2, Ttpical Variation of Thermal Conductivity 
vaTH Mean Temperature 

resistances in the same wall, and these may necessitate modification of the 
formula. In such cases calculated results should be checked by test meas- 
urements. 

The determination of the fundamental conductivities and conductances 
requires considerable skill and experience to obtain accurate results. It 
is recommended that thermal conductivities of homogeneous materials be 
determined by means of the Guarded Hot Plated For determination of 
conductances, a Guarded Hot Box method^ is generally used. 

Tables 1 and 2 give conductivities and conductances which are quite 
generally used in calculation and which have been selected from various 
sources. Wherever possible the properties of the material and test con- 
ditions are given. In selecting and applying heat transmission values to 
any construction, caution is necessary, because coefficients for the same 
material may differ because of variations which occur in test methods, in 
the materials themselves, or in the temperature of the material when 
tested. 

Conductivity of Homogeneous Materials 

Thermal conductivity is a property of a homogeneous material and of 
types of building materials such as lumber, brick and stone which may be 
considered homogeneous. Most insulating materials, except air spaces 
and reflective types, are of a porous nature and consist of combinations 
of solid matter with small air cells. The thermal conductivity of these 
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Tabud 1. Conductances (C) por Surfaces and Air Spaces 

All toniu€tane§ walttM espnutd »n Btu p«r (hour) {square foot) {Fahrenheit degree tempertUure d^erenee). 


Sectfon A. Surface Conductances for Still Alr^ 



Position 

Direction 

Surface Emissivity 


OP Surface 

OF Heat Flow 

€ - 0.83 

e - 0.05 


Upward 

Downward 

1.05 

1.16 


1.21 

0.44 


1.62* 

0.74 


Section B. Conductance of Vertical Spaces at Various Mean Temperaturceb 


Mean 


Conductances of Air Spaces for Various Widths in Inches 


lEMP 

Fahr Deg 

0.128 

0.250 

0.364 

0.403 

0.713 

1.00 

1.500 

20 

2.300 

1.370 

1.180 


1.040 

1.030 


30 

2.385 

1.425 

1.234 

1.148 

1.080 

1.070 

1.065 

40 

2.470 

1.480 

1.288 

1.193 

1.125 

1.112 

1.105 

60 

2.560 

1.636 

1.340 

1.242 

1.168 

1.162 

1.149 

60 

2.650 

1.590 

1.390 

1.205 

1.210 

1.105 

1.188 

70 

2.730 

1.648 


1.340 

1.250 


1.228 

80 

2.819 


1.492 


1.295 


1.270 

90 

2.908 

1.767 

1.547 

1.433 

1.340 

1.320 

1.310 

100 

2.090 

1.813 

1.600 

1.486 

1.380 

1.362 

1.350 


3.078 

1.870 

1.650 

1.534 

1.425 

1.402 

1.392 


3.167 

1.028 


1.580 

1.467 

1.445 

1.435 


3.250 

1.980 

1.750 

1.630 

1.510 

1.485 

1.475 


3.340 

2.035 


1.680 

1.550 


1.510 


3.425 

2.090 

1.852 

1.728 

1.592 

1.569 

1.659 


Section G. Conductances and Resistances of Air Spaces 
Faced on One Surface with Reflective Insulationa 


Location and 
Position of 

Direction 

OF 

Heat 

Flow 

Temp^ 

Diff 

Fahr Deg 

Conductance* 

(O 

Resistance* 

(i) 

Air Space 



No. of Air Spaces 

No. of Air Spaces 



1 

2 

3 

1 

2 

3 

Rafter Space 
(8 in.) 

Horizontal 

Horizontal 






B 




Down 

Up 

45 

45 



0.10 

0.27 



10.00 

3.70 

14.29 

5.88 

Horizontal 

Horizontal 

Down 

Up 


26 

26 


0.09 

0.24 



11.11 

4.17 

16.67 

6.25 

30 deg slope 

30 deg slope 

Down 

Up 

45 

45 



0.15 

0.25 

0.10 

0.17 


6.67 

4.00 


30 deg dope 

30 deg slope 

Down 

Up 


26 

25 


0.13 

0.23 

0.09 

0.14 


7.69 

4.35 

11.11 

7.14 

Stud Space 

Vertical 


30 

40 


0.34 

0.23 

0.13 

2.94 

4.35 

7.69 

Vertical/ 

Vertical 



15 

20 

0.32 

0.18 

0.11 

3.13 

5.56 

9.09 

Vertical* 


30 


0.46 



2.17 




" Radiation and Convection from Surfaces in Various PositionSp by G. B. Wilkes and C. M. F. Peterson 
(A.S.H.V.E. Tbanbactxonb, Vol. 44, 1038, p. 613). 

^ A.S.H.V.E. Research Report No. 825— Thermal Resistance of Air Spaces, by F. B. Rowley and A. B. 
Algren (A.S.H.V.E. Tbanbactxonb, Vol. 36, 1929, p. 166). 

Thermal Test Coefficients of Aluminum Insulation for Buildings, by G. B. Wilkes, F. G. Hechler and 
E. R. Queer (A.8.H.V.E. Tbanbactxonb, Vol. 46, 1940). 

^ Temperature difference is based on total space between plaster base and sheathing, flooring or roofing. 

* These air space conductance and resistance values are based on one reflective surface (aluminum) hav- 
ing an emissivity of 0.06 facing each space and are baaed on total space between plaster base and sheathing, 
flooring or roofing. The rafter and stud spaces are divided into equal spaces. 

^ Stud space is lined on plaster base side with loose paper with aluminum on surface facing air space. 
The resistance of the small air space between the plaster base and paper was 0.43. 

^ Radiation and Convection Across Air Spaces in Frame Construction, by G. B. Wilkes and C. M. F. 
Peterson (A.S.H.V.E. Tbanbactions, Vol. 43, 1937, p. 361). 

* The recommended surface conductance for calculating heat losses for still air for non-reflective surfaces 
is 1.66 Btu. For a 16 mph wind velocity, the recommended value is 6.0 Btu. These coefficients were de- 
rived from Fig. 3 which waa based on testa conducted at the University of Minnesota, and apply to vertical 
surfaces. 
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Table 2. Conductivities {k) and Conductances ( C ) of Building and 
Insulating Materials 

Tiege eanatanta are expreued in Btu per (Aour) {eqiutre foot) {Fahrenheit degree temperature difference) . 
Conductwitiee (k) are per inch thiekneea and eonductaneea (C) are for thickneaa or 
eonatmetion atated, not per inch thickneaa^ 


DiMsirr 

(Id PER 

Cu Ft) 

Mian 

Temp 

(Fabb 

CoNDncnvnT 

OB 

CORDUCTAMCB 

Resistance 

Per Inch 
Thickness 

( 1 ) 

For 

ThlebMOB 

Listed 

a) 

Deo) 

(*) 

(C) 

123 

86 

2.70 


037 


20.4 

no 

0.48 




60.5 

86 

OM 


1.19 

— 

62A 

70 

1.41 


0.71 





3.73 


6.27 




2.82 



53A 

WM 


2.60 



0.38 


30 


0.86 


1.16 


20 


0.50 




20 


0.82 


1.22 


16 


0.85 


1.18 





1.28 

— 

0.78 


B 

5.0* 

n 

0.20 



■■ 

4.8 


0.21 

— 


B 





1.30 

120.0 

no 


1.00 


■eaii 

127.0 

100 


0.60 


1.67 

124.3 

105 


0.47 



2.13 





0.52 



1.92 





0.26 



3.84 

1 

j 


11.35 


0.09 





to 

— T 

to 



1 


16.36 


0.06 



142 

75 

12.6 


0.08 



132 

75 

10.8 


0.09 , 



97 

75 

4.9 

«... 

0.22 

... 

74.6 

75 

2.27 

flit 

0.44 



65.0 

75 

2.42 

— 

0.41 j 



59.9 

75 

2.28 


0.44 1 



67.1 

75 

2.86 

tl.1 

0.35 



76.0 

70 

1.6 


0.63 



20 

90 



1.47 



26.7 

90 

0.76 


1.32 



3UILDING BOARDS 
(Non*In8ulatino) 


Compreflsed cement and nabeatos aheeta 

Corrupted aabcsUia board 

Preaaed aabeatoa mill board 

Gypaum board— gypaum between layers 

of heavy paper 

^ in. gypaum board 

H in. gypsum board 

yi in. gypaum board 


( 4 ) 

( 4 ) 

( 4 ) 

( 4 ) 


s'RAME CONSTRUCTION 
COMBINATIONS 


1 in. fir sheathing and building imper 

1 in. fir sheathing, building paper and 

yellow pine lap siding 

1 in. fir sheathing, building paper and 

stucco 

Pine lap siding and building papf^, siding 

4 in. wide 

Yellow pine lap aiding 


MASONRY MATERIALS 
Bbick 


Damp or wet 

Common yellow clay brick*. 

One tier yellow common clay brick, one 
tier face brick, approx. 8 in. thick* 


Cut Tilb, Hollow.., 


2 in. Tile, H io* plaster both sides 

4 in. Tile, H in> plaster both sides 

6 in. Tile, H in* plaster both sides 

8 In. Tile, average of 8 types (Walla No. 

69,63, 64, 60,67,90,91,92*) 

12 in. Clay tile wail: 8 in. x 6 In. x 12 in. 
and 4 in. X 5 in. X 12 in.* 


CONCRXTK «... 


Sand and gravel aggregate, various ages 

and mixes 


Sand and gravel aggregate 

Limestone aggregate. 

Cinder aggregate 

Steam treated limestone slag aggregate* ... 

Pumice (Mined in California) aggregate*.. 

Expanded burned clay aggregate* 

Burned clay aggregate* 

Blast furnace slag am 


Expanded vennioulite aggregate 


Aitthoritieb: 

' U. B. Bureau of Standards, teste based on samples submitted by manufaeturers. 

^ A. C. Willard, L. C. Liehty and L. A. Harding, tests conducted at the University of lUinois. 

’ J. C . Peebles, tests conducted at Armoiu* Institute of Technology, based on samples submitted by manu* 
facturers. 

^ F. B. Rowley, et al, tests conducted at the University of Minnesota. 

* A.S.H.V.E. Research Laboratory. 

•E. A. Allcut, tests conducted at the University of Toronto. 

® See Thermal Conductivity of Building Materials, by F. B. Rowley and A. B. Algren (University of 
Minnesota Engineering Experiment Station Bulletin No. 12) . 

4 Heat Transmission Through Insulation as Affected by Orientation of Wall, by F. B. Rowley and C. 
E. Lund (A.S.H.V.E. Transactions, Vol. 49, 1943, p. 331). 

* The Effect of Convection in Ceiling Insulation, by G. B. Wilkes and L. R. Vianey (A.S.H.V.E. Trans* 
ACTIONS, Vol. 49, 1943, p. 196). 

^ See A.S.H.V.E. Research Report No. 915— Conductivity of Concrete, by F. C. Houghten and Carl 
Gutberlet (A.S.H.V.E. Transactions, Vol. 38, 1932, p. 47). 

* See Heating, Ventilating and Air Conditioning, by Harding and Willard, revised edition, 1932. 

^ See BMS13, U. S. Department of Commerce, National Bureau of Standards, Washington, D. C. 

^ Roofing, 0.15 in. thick (1.34 lb per square foot), covered with gravd (0.83 lb per square foot), combined 
thioknesB assumed 0.25. 
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Table Conductivities (fc) and Conductances (C) of Building and 
Insulating Materials— Continued 

Thne eonctante exj^esitd in Btu per (hour) {square foot) {Fahrenheii degree temperature difference). 
Conductivities {k) are per inch thickness and conductances (C) are for thickness or 
construction stated, not per inch thickness. 


MASONRY MATERIALS 
—(Continued) 

CoNCun— (Continued).... 


8 In. Concrete Blocks 



12 In. Concrete Blocks 

• • If I M MM uncnw Mflclil 



Qtpsuii.... 


plastering materials 


ROOnNG 


WOODS 


Description 

Dimm 
(Lb ran 

CuPx) 

im 

CONDUCTIVITI 

OB 

CONDUCTANGI 

Risistanci 


Per Inch 
Thicknem 

(i) 

For 

Thickness 

Listed 

a) 

(*) 

(O 

Expanded vermlculite aggregate 

35 

90 

0.86 


1.16 


1 

Expanded vermiculite aggregate. 


00 

1.10 


0.91 


3) 

Concrete plank 

76 

75 

2.5 


0.40 



Cellular concrete 


76 

1.06 


0.94 



Cellular concrete 


75 

1.44 


0.60 



Cellular concrete 

60.0 

75 

1.80 


0.56 


ini 

Cellular concrete 

70.0 

75 

2.18 


0.46 

— 

(3) 

8 In. three oval core, sand and gravel 








aggregate^ 

126.4 

40 


0.00 


Ml 

(4) 

8 in. three oval core, crushed limestone 








aggregate* 

134.3 

40 


0.86 


1.16 

(4) 

8 in. three oval core, cinder aggregate*..... 

S6.2 

40 


0.58 



1.73 

(4) 

8 in. three oval core, burned clay aggre- 








gate* 

67.7 

40 


0.5C 



200 

(4) 

8 in. three oval core, expanded blast 








furnace slag aggregate*. 

— 

40 


0.40 


2.04 

(4) 

12 in. three ova core, sand and gravel 








aggregate* 

124.0 

40 



0.78 

^ 

1.28 


12 In. three oval core, cinder aggremte* ... 
12 in. three oval c(ffc, burned day 

86.2 

40 



0.53 

— 

1.88 

(4) 

aggregate* 

76.7 

40 


0.47 


2.13 

(4) 

3 in. solid gypsum parfifion tUo* 



2.41 


0.43 



3 in. three cdl gypsum partition tile*. — 



..... 


6.74 

...... 

i.‘35 


4 in. three cell gypsum partition file* 




0.60 

...... 

1.67 


87H per cent gypsum, 12H cent wood 








chips 

61.2 

74 

1.66 



...... 


Gypsum plaster 

........ 

.... 

3.30 


0.30 

— 


Gypsum plaster, H in. thick 


73 


8.80 


0.11 


Cement plaster 





0.13 



(2) 

Wood, lath and plaster, total thickness 








•Ain 


mm 





0.40 

(4) 









culite, 4 to 1 mix 

39.0 

75 

0.85 


1.18 



(3) 

Insulating plaster 0.9 in. thick applied to 









54.0 

75 


1.07 


■ il M 

(3) 








Asbestos shingles 

65.0 

75 


6.0 


0.17 

(3) 

Asphalt, composition or prepared 

70.0 

76 


6.5 

....— 

0.15 


Asphalt shingles 

BtulUip roofing, bitumen or felt, gravd 

70.0 

75 


6.5 

— 

0.15 


or slag surfaced* 



1.33 





Slate.....” 



10.00 


■m 


Wood shinglGS 




1.28 


6.78 

H 


■■■ 

■i 





■ 

Balsa 

^0.0 

00 

0.58 


1.72 



Balsa 

8.8 

00 

0.38 



2.63 





7.3 

00 

0.33 


3.03 


(1) 

California redwood, 0 per cent moisture*... 

28.0 

75 

0.70 


1.43 




Cypress 

28.7 

86 

0.67 


1.49 




Douglas fir, 0 per cent moisture* 

34.0 

75 

0.67 


1.40 



(4) 

Eastern hemlock, 0 per cent moisture* — 

30.0 

75 

0.76 


1.32 




Long leaf yellow pine, 0 per cent moisture* 

40.0 

75 

0.S6 


1.16 

....... 


Mahogany 

34.3 

86 

0.00 


1.11 

— 

(1) 


See footnotes on first page of Table 2. 
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Table 2. Conductivities (k) and Conductances (C) of Building and 
Insulating Materials— Continued 

These constants are expressed in Btu per (hour) (square foot) (Fahrenheit degree temperature difference). 
Conductivities (k) are per inch thickness and conductarices (C) are for thickness or 
construction etat^, not per inch thickness. 


Matirlal 

Description 

Dsnsitt 
(Lb Pin 
CdFt) 

Mean 

Temp 

(Fahr 

CoNDUCTZyiTT 
OB ’ 

Conductance 

Resistanck 

1 

< 

Per Inch 
Thickness 

(i) 

Tblcknera 

Listed 

(i) 

Dbg) 

(k) 

(C) 

W00DS-~(Continued) 

Hard maple, 0 per cent moi8ture« 

46.0 

75 

1.05 


0.95 


11 




44.3 

86 

1.10 

UM. 

0.91 



1 !■ 


Maple, across grain 

40.0 

75 

1.20 


0.83 



I ill 


Norway pine, 0 per cent moisture* 

32.0 

75 

0.74 

.... 

1.35 



1 ja 


Red cypress, 0 per cent moisture* 

32.0 

75 

0.79 


1.27 



m 


Red oak, 0 per cent moisture* 

48.0 

75 

1.18 


0.85 



111 


Short loaf yellow pine, 0 per cent moisture* 

36.0 

75 

0.91 

.... 

1.10 

....... 



Soft elm, 0 per cent moisture* 

34.0 

75 

0.88 

. .. 

1.14 



11 


Soft maple, 0 per cent moisture*. 

42.0 

75 

0.95 


1.05 



11 


Sugar pine, 0 per cent moisture* 

28.0 

75 

0.64 


1.56 


11 


Virginia pine 

34.3 

86 

0.96 





u 


West coast hemlock, 0 per cent moisture* 

30.0 

75 

0.70 


1.27 



!■ 


White pine 

31.2 

86 

0.78 


1.28 




Yellow pine 



1.00 







Sawdust, various 

12.0 

00 

0.41 


2.44 



(1) 


Shavings, various from planer 

8.8 

90 

0.41 


2.44 



(11 


Shavings, from maple beech and birch 









(coarse) 

13.2 

00 

0.36 

.... 

2.78 


(1) 

INSULATING MATERIALS 









Buhist and Bat 

Chemically Created wood fibera held 








ImVLATIOKff 

between layers of strong paper 

3.62 

»»■ 

0.25 

.... 

4.00 

....... 

(8) 


Eel grass between strong paper 


mm 

0.26 

.... 

3.85 





Eel pass between strong paper 

3.40 

90 

0.25 



...... 



Flax fibers between strong paper 

4.00 

90 

0.23 


3.57 

....... 

(1) 


Chemically treated hog hair between 









kraft paper 

5.76 

71 

0.26 

.... 

3.85 

....... 

(8) 


Chemically treated hog hair between 









kraft paper and asbestos paper — 


71 

0.28 

.... 

3.57 



(3) 


Hair felt between layers of paper..„ 


75 

0.25 



...... 

(3) 


Kapok between burlap or paper 



0.24 

.... 

4.17 



(1) 


Stitched and creped expanding fibrous 









blanket 

1.50 

70 

0.27 

.... 

3.70 

.. .. ! 

(3) 


Paper and asbestos fiber with emulsified 









asphalt Linder 

4.2 


0.28 

.... 

3.57 



(1) 


Cotton insulating bat 

0.875 

72 

0.24 

.... 

4.17 



^3) 


Cotton fibera 









Short Staple Lintere, Fireproofed 

6.25 

90 

0.25 

.... 





Short Staple Lintere, Fireprexifed,^ 

4.50 

90 

0.24 

.... 

4.17 


utl 


Short Stsiple Lintere, Fireproofed 

2.45 

90 

0.24 

.... 

4.17 

........ 



Short Staple Linters, Fireproofed 

I. GO 

90 

0.26 

.... 

3.85 

..... 

nn 


Short Staple Linters, Fireproofed 

0.85 

90 

0.29 

.... 

3.45 



(1) 


Short Staple Linters, Fireproofed 

0.65 

00 


.... 

3.3:1 

...... 

(1) 


Felted cattle hair 

13 00 

90 

0.26 

.... 

3.84 

........ 

lUl 


Felted cattle hair 

HOC 

90 

0.26 

.... 

3.84 



(1) 


Felted hair and asbestos 

7.80 

90 

0.28 

.... 

3.57 

....... 

(1) 


Ground paper between two layers, each 









H in. thick made up of two layers of 









kraft pnper (sample H in thick) 

12.1 

76 

. ... 




2.50 

(4) 



m 

.... 







n VK 



m 








B 

■ 






InsuIiATino Board. 

Made from sugar cane fiber 

13.5 

70 

0.33 


3.03 


(3) 


Made from corn stalks 

15.00 

71 



3.03 

...... 

(3) 


Made from exploded wood fibers 

17.90 

78 

1 0.32 


3.12 

...... 

(4) 


Made from hard woiDd fibers 

15.20 

70 



3.12 

« ..... 

(3) 



15.90 

72 

0.33 


3.03 


(3) 


Made from wood fiber 

15.00 

70 

0.33 


3.03 



(3) 


Made from wood fiber — 


52 


.... 

3.03 

........ 

(8) 


Made from wood fiber 

8.50 

72 

0.29 

.... 

3.45 

...... 

(3) 


Made from wood fiber — 

15.20 

.... 

0.33 

.... 

8.03 

....... 

(8) 


Made from wood fiber 

16.90 

m 

0.34 

.... 

2.94 


(1) 


See footnotes on first page of Table 2. 
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Tabus 2. Conbuctivitieb (k) and Conductances (C) of Building and 
Insulaung Matebulb— Concluded 

These eonetante are expressed in Btu per (hour) imuirefoot) [Fahrenheit degree temperature difference). 
C<mduelivities [k) are per inch thickness and eonduetanees (C) are for thickness or 
construction stated, not per inch thickness. 



INSULATING MATERIALS 
— Continued 

Ihsdlatino Board. 

--Continued 


Made from liooriee root 

H in. insulating boards without speciai 
finish/ (eleven samples).... 


1 In. Insulating board*... 



Made from eoba fibers 

Made from oeiba fibers 

Fibrous material made from dolomite 

and silica 

Fibrous material made from slag. 

Redwood bark. 

Redwood bark. 

Glass wool fibm 6.0003 in. to 0.006 in. 

in diameter.. 1.50 

Granular insulation made from comMned 

silicate of lime and alumina...... ........ 4.20 

Expanded vermiculite..^.. 

Expanded vermieulitc^ partide nae— 

-3 + 14 

Rcgranulated cork about % in. partides 
Hand applied ^;ranular nuneral wool 2 in. 
to 6 m. thick; horiiontal position*. 

No covering 

4 in. machine blown granular minoal 
wool, horiiontal positikw*. No covering 
Rock wool 


Corkboard, no added binder. 

Corkboaid, no added binder. 

Corkboard, no added Under 
Corkboaid, no added binder 

Corkboard* 

Corkboard, asphaltic binder.............. 

Chemioally trtiited hog hi^ wi^ film U 



Bee footnotes on first page of Table 2. 


materials will vary with density, mean temperature, size of fibers or par- 
ticles, degree and extent of bond between particles, moisture present, and 
the arrangement of fibers or particles within the material. 

The effect of density upon conductivity (at constant mean temperature) 
is illustrated for two fibrous materials in Fig. 1. It will be noted that for 
each there is an optimum density for lowest conductivity. Typical varia- 
tion of conductivity with mean temperature is shown in Fig. 2. 


Surface Conductance 

The surface conductance of a wall is the combined heat transfer to or 
from the wall by radiation, convection and conduction. Each of the three 
portions making up the total may vary Independently of the others, thus 
affecting the total conductance. The heat transfer by radiation between 
two surfaces is controlled by the character of the surfaces (emissivity), 
the temperature difference between them, and the solid angle through which 
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they see each other. The heat transfer by convection and conduction is 
controlled by the roughness of the surface, by air movement and tempera- 
ture difference between the air and the surface. 

The importance of the effect of temperature of surrounding surfaces 
on the surface conductance due to the effect on radiation is illustrated in 
Table 3, which applies to a vertical ^surface at 80 F, with ambient air at 
70 F and effective emissivity equal to 0.83®. 

In many cases, because the heat resistance of the internal parts of the 
wall is high compared with the surface resistance, the surface factors are 
of minor importance. In other cases, e,g. single glass windows, the surface 
resistances constitute almost the entire resistance and are therefore very 
important. In a building heated by convection there is only a slight dif- 
ference between the temperatures of the interior wall surface and the sur- 
roundings, but if the building is heated by radiant panels there may be a 
greater difference^. (See also Chapter 31.) 

The convection part of the surface conductance coefficient is affected 
markedly by air movement. This is illustrated by Fig. 3, which shows 

Table 3. Variation in Surface Conductance Coefficient with Different 
Temperatures of Surrounding Surface 


SlTRROUNDlNG SURFACE TEMPERATURE 

75 F 

70 F 

60F 

60F 

50F 

Convection — Btu per (hr) (sq ft) 

6.6 

6.6 

— 

6.6 

6.6 

Radiation — Btu per (hr) (sq ft) 

4.4 

8.6 

■■ 

17.0 

24.9 

Total — Btu per (hr) (sq ft) 

11.0 

15.2 


23.6 

31.5 


the surface conductances for different materials at a mean temperature of 
20 F and for wind velocities up to 40 mph. These include the radiation 
portion of the coefficient, which for ordinary building materials under 
these conditions would be constant at about 0.7 Btu. 

Due to these variations for different conditions the selection of surface 
conductance coefficients for a practical building becomes a matter of judg- 
ment. In calculating the over-all heat transmission coefficients for the 
walls, etc. of Tables 5 to 18, 1.65 has been selected as an average inside sur- 
face conductance and 6.0 as an average outside surface conductance for a 15- 
mile wind. These values apply only to ordinary building materials and 
should not be used for bright metal surfaces having a low emissivity. 

In special cases, where surface conductance coefficients become impor- 
tant factors in the over-all rates of heat transfer, more selective coefficients 
may be required. The surface conductance values given in Table 1, Sec- 
tion A are based on recent tests and are for still air conditions and surface 
emissivities of 0.83 and 0.05 respectively, and may be used where it is de- 
sirable to differentiate between horizontal and vertical surfaces or where 
coefficients applicable to low-emissivity surfaces are required. 

Air Space Conductance 

The transfer of heat across an air space involves the boundary surfaces 
as well as the intervening air, consequently the factors influencing surface 
conductance play an important part in determining the conductance of 












124 


CHAPTER 6 


1949 Guide 


the air space. The coefficients given for air space conductance represent 
the total conductance from surface to surface. 

The radiation portion of the coefficient is affected by the difference in 
temperature between the boundary surfaces and by their respective emis- 
sivities and is practically independent of depth. The convection and 
conduction transfer is controlled by depth and shape of the air space, the 
roughness of the boundary surfaces, the mean temperature and the direction 
of heat flow. For air spaces usually employed in building construction, 
the radiation and convection factors vary independently of each other. 

Table 1, Section B gives experimentally-determined conductances of 
vertical air spaces bounded by such materials as paper, wood, plaster, etc.. 



Fig. 3. Curves Showing Relation Between Surface Conductances for 
Different Surfaces at 20 F Mean Temperature 


having emissivity coefficients of 0.8 or higher, and having extended parallel 
surfaces perpendicular to the direction of heat flow. The conductances 
decrease as the depth is increased but change only slightly for spaces 
greater than f in. Air space tests reported by Wilkes and Peterson gave 
conductance values for air spaces of 3f in. depth having boundary surfaces 
with emissivity values of 0.83 as follows®. 


Vertical 1.17 

Horizontal (heat flow upward) 1.32 

Horizontal (heat flow downward) 0.94 


Since, in buildings, the same constructions may be used for conditions 
where the direction of heat flow may be in one direction or its opposite, 
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and smce much of the construction mvolves vertical air spaces, an average 
value of 1.10 Btu per (hour) (square foot) Fahrenheit degree temperature 
difference) was chosen for use in calculating the over-all coefficients in 
Tables 5 to 18 wherever air spaces | in. or more in depth were involved. 

If one or both boundary surfaces of an air space are faced with metals 
which have low emissivity surfaces, the radiant heat transfer will be greatly 
reduced in comparison with that occurring from surfaces of ordinary build- 
ing materials. Table 1, Section C gives conductances and resistances of 
air spaces hounded by one reflective surface with an emissivity of 0.05. 
These values include heat transferred both by radiation and convection, 
but the radiation component is relatively small for the test conditions. 

When reflective materials are installed with single or multiple air spaces, 
the position (vertical, horizontal or inclined) of the material and the direc- 
tion of heat flow must be taken into consideration. For example, the re- 
sistance to upward heat flow is about one-third the resistance to dovmward 
heat flow in a horizontal position (Table 1, Section C). The difference 
between the conductance through vertical air spaces and that through hor- 
izontal and sloping air spaces with upward heat flow is considerably less. 
For upward heat flow it is recommended that a value of 0.46 be used for 
the conductance of horizontal or sloping air spaces bounded on one side by 
reflective materials having an emissivity of approximately 0.05. The 
same conductance value is also recommended for similar vertical air spaces. 

When considering heat transfer to and from reflective surfaces in building 
construction, the emissivity should be known. This can be determined 
directly for the long wave length radiation corresponding to average room 
and wall temperatures. The possibility of change in emissivity with time 
of exposure due to surface coatings, chemical action, deposition of dust, 
etc. must be considered in selecting a material for use®. 

PRACTICAL COEFFICIENTS AND THEIR USE 

For practical purposes it is necessary to have average coefficients that 
may be applied to various materials and types of construction without the 
necessity of making actual tests. In Table 2 coefficients are given for a 
group of materials which have been selected from tests by various author- 
ities. Since there is some variation in the resulting values due to varia- 
tions in materials and in test conditions, average values for the usual con- 
ditions encountered in building practice have been selected and listed in 
Table 4. These coefficients were used in the calculation of overall coeffi- 
cients given in Tables 5 to 18. These tables constitute typical examples of 
combinations frequently used, but any special constructions not given can 
be computed by the use of the conductivity values in Table 4 and the fun- 
damental heat transfer formulas. 

Caution 

The user should realize that the average conductivity and conductance 
values given in Tables 2 or 4 do not necessarily apply to all products of the 
same general description. In using these values judgment should be exer- 
cised with regard to the extent to which the product (either as received or as 
applied) will comply with the tabulated values. Exact conductivities or 
conductances for specific materials should be obtained from the maker. 

Insulating Materials 

In order to determine the benefit derived from the addition of insulating 
materials to a given construction, the over-all coefficient of heat transmis- 
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Table 4. Conductivities ( k ) and Conductances ( C ) Used in Cawjulating Heat 
Tbansmission Coefficients (U) in Tables 5 to 18 

TAeae eonstanta are axpreaaed in Bin per {hour) {aquarafoot) (Fahranh^ degrM Umpfotura diffarance). 
CondueUaiUea (k) ara par inch thicknaaa and aonduetaneaa (C) ara for thxcknaaa or 
eonatruetion atatad, not par inch thieknaaa. 



" Conductance values for horizontal air spaces depend on whether the heat flow is upward or downward, 
but in most cases it is sufiiciently accurate to use the same values for horizontal as for vertical air spaces. 

^ Expanded slag, burned clay or pumice. 
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Table 4. Conductivities (A;) and Conductances (C) Used ln Calculating Heat 
Transmission Coefficients (U) in Tables 5 to 18 — Concluded 

These conetante are expressed in Btu per {hour) {sqwe foot) {Fahrenheit degree temperature difference), 
Conduelivitiea {k) are per inch thickness and conductarues (C) are for thickness or 
construction stated^ not per inch thickness. 


MATERIAL 

« 

DESCRIPTION 

CoNDUcnvirr 

OR 

Corductange 

Rebibtance 

Per Inch 
Thickness 

( t ) 

For 

Thiokness 

Listed 

a) 

ik) 

(O 

ROOFING MATERIALS 

AbbBSTOB Rmwnrm 



6.00 

6.50 

3.53 

6.50 

20.00 

1.28 

o'i’o 

0.17 

0.15 

0.28 

0.15 

0.05 

0.78 




BrnLi^nv RnnnNO 

AsBumed tbickaeas 5^ in... 


Hbitt Roll Roohno 

SlLATB 


HBBjH 

ABminii>d in.. 

10.00 

Wood Sbinolbb. 


SHEATHING 

Gtpsuk (H w.) 



2.82 

0.42 

2.56 

1.02 

0.86 


0.35 

2.37 

0.39 

0.98 

1.16 

TwftTiT.A«rfwn Board {**^ in.) 



I^TWOOD {^ii IN.) 



Fir or Yellow Pine (1 in.) 

Actual thirknesB in... 


Fir, plus bdildino paper 

Actual thickneea in 






SURFACES 

StiUi air. 

Ordinary non-reflectivc materiab. vertical.... 
Ordinary non>reflective materials, vertical.... 


1.65 

6.00 

— 

0.61 

0.17 

15 MPH WIND TELOCITY.... 


WOODS 

Fir aBEATBINO (1 in.) building paper 
AND Yellow Pine lap biding 


H| 

0.50 


2.00 

Maple or Oak. 



0"S7 

1.25 

....... 

Yellow Pine or Fir. 







sion Ui of the insulated construction may be compared with the corre- 
sponding coefficient U without insulation. Attention is called to the 
necessity of applying the insulating material in accordance with the manu- 
facturer’s specification. The engineer must carefully^ evaluate the eco- 
nomic considerations involved in the selection of an insulating material 
as adapted to various building constructions. Lack of proper evaluation, 
or improper installation may lead to unsatisfactory results. 

Computed Heat Transmission Coefficients 

Computed over-all heat transmission coefficients of many common types 
of building construction are given in Tables 5 to 18, inclusive, each coeffi- 
cient being identified by a serial number except in Table 18. For example, 
the coefficient U of a brick veneer, frame wall with wood sheathing and 
^-inch of plaster on gypsum lath is 0.27 (Wall No. 28-C in Table 5) and with 
2-inches of blanket or bat insulation the coefficient would be 0.097 (No. 
49-B in Table 6). 

In the analysis of any wall construction for the purpose of calculating 
the over-all coefficient of heat transmission U, it is first necessary to deter- 
mine the paths of heat flow ; that is, whether they are parallel or series, 
or a combination of both. This is in accordance with the basic laws of h^t 
transfer, which state that in parallel flow the conductances are additive 
while in series flow the resistances are additive. Likewise, in order to de- 
termine the total resistance for the wall, the conductance must be known. 

The importance of this analysis cannot be over emphasized. Phis is 
especially true in wall constructions in which there are parallel paths of 
heat flow and one path has a high heat transfer while others have a low 
heat transfer. 

The method of making this calculation can best be shown by the fol- 
lowing example and Fig. 4. As this wall was tested by the hot box method 
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at the University of Minnesota a direct comparison can be made between 
calculated and tested values. 

Example 1, Calculate the coefficient of heat transmission U for wall as shown in 
Fig. 4. Wall construction consists of two 4-inch concrete walls separated by a 2} in. 
space filled with insulation; }-in. diameter metal tie rods are imbedded a distance of 
1-in. in each 4 in. concrete wall and spaced 9 in. vertically and 12 in. horizontally. 
Values of k are: insulation 0.30, concrete 12.00, tie rods 400.00. 

In Fig. 4 the following paths of heat flow from plane A to plane F will be noted : 

1. From A to B: One path through 3 in. of concrete. 

2. From B to C: Two paths; (a) through 1 in. of tie rod and (b) through 1 in. of 
concrete. 

3. From C to D: Two paths; (a) through 2} in. of tie rod and (b) through 2} in. 
of insulation. 

4. From D to £: Two paths; (a) through 1 in. of tie rod and (b) through 1 in. of 
concrete. 

5. From £ to F: One path through 3 in. of concrete. 

It will be noted that items 2 and 4 are paths of similar flow and could be treated 
as one. If equilibrium or steady state heat transfer is assumed, there will exist a tem- 



Fig. 4. Section of Concrete Wale Having Steel 
Tie Rods and Insulation 


perature difference between the metal tie rod and the concrete and also between the 
metal tie rod and the insulating material. The rate of heat transfer between these 
materials is dependent upon their conductivity values and the temperature difference. 
As the conductivity of the metal tie rods is considerably higher than that of the 
concrete or insulating material, it cannot be assumed that the same rate of heat 
transfer takes place for all parallel paths. Likewise, an appreciable error would 
be made by assuming that no heat transfer takes place between the metal tie rod and 
the surrounding materials. Although the pattern of the isotherms is unknown, the 
following method of calculation does partially take into account the heat flow be- 
tween the metal tie rods and its bounding materials. 

Parallel Flow. The conductances through the areas of parallel heat flow 
may be determined as follows: 


1 . The area of each }-in. diameter tie rod is 0.0036 square feet and as the tie rods are 
spaced 9 inches vertically, and 12 inches horizontalfy, there will be 0.00036 X } 
0.00048 square feet of tie rod to each square foot of wall area. Then from plane B to 
plane C, the conductance Ci is 


C, 


0.00048 400 0.99962 12 

1.0 ^ 1.0 1.0 ^ 1.0 


0.192 + 11.994 = 12.18(i 


1.0 


1.0 
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2. For Tie Rod and Insulation from plane C to plane D the conductance Ct is 

^ 0.00048 400 0.99962 0.30 „ _ 

is + ■ Ti- is - O'” 

3. For Tie Rod and Concrete from plane D to plane E the conductance Ct is 

^ 0.00048 400 0.99952 12 

Ct - — - X r- + - — X r;: = 0.192 + 11.994 = 12.186 


Series Flaw. After the conductance values have been determined, the total re- 
sistance and U value for the wall can be determined as follows: 


Rt 


Rt 

Rt 

U 


f.'^ Ci'^ C,'^ C,'^ kt'^ ft 

^ _1 3 ^ 1 _ 1 _ _ 1 _ ^0 i_ 

“ 1.65 12.0 12.186 0.197 12.186 12.0 6.0 

= 0.606 + 0.250 + 0.0821 + 6.076 + 0.0821 + 0.260 + 0.167 

=» “- « ~ - « 0.153 Btu per (hr) (sq ft) (F deg). 

Rt 6.51o 


6.513 


The Hot Box test value, from University of Minnesota, for this wall 
corrected for a 15 mph wind velocity was U == 0.150 Btu per (hr) (sq ft) 
(F deg). The error between the calculated and test values would be 


0.153 - 0.150 
0.150 


X 100 = 2 per cent. 


If the effect of the tie rods were omitted from the calculations, the over- 
all U value would be 0.103. Although the percentage of area occupied 

0 0048 

by the tie rods per square foot of wall area is X 100 =» 0.048 per 

cent the error between the calculated and test values would be 


0.150 - 0.103 
0.103 ^ 


100 = 45 per cent. 


In making the calculations for values of U shown in Tables 5 to 18, the 
following conditions have been assumed : 

Equilibrium or steady-state heat transfer, eliminating effects of heat capacity. 
Surrounding surfaces at ambient air temperatures. 

Exterior wind velocity of 15 mph. 

Surface emissivity of ordinary building materials = 0.83. 

No correction for position or direction of heat flow. (Average coefficients used). 
Air spaces are } in. or more in width. 

Variation of conductivity with mean temperature neglected. 

Corrections for framing made on basis of parallel heat flow through 2 X 4 in. (nomi- 
nal) studs, 16 in. on centers, the framing covering 15 per cent of wall area. 

Actual thicknesses of lumber assumed to be as follows: 


Nominal Actual 

1 in. (S-2-S) if in. 

li in. (S-2-S) lA in. 

2 in. (S-2-S) if in. 

2iin. (S-2-S) 2i in. 

3 in. (S-2-S) 2t in. 

4 in. (S-2-S) 3| in. 

Finish flooring, (maple or oak) .... lA in. 
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Table 6. Coefficients of Transmission {U) of Frame Walls 

Coeffidmis are exvreeeei in Btu per (hour) (equare foot) (Fahrenheit degree difference in temperature between 
the air on the tioo eidee), and are baeed on an outeide wind vdocity of 16 mph. 

No Insulation Between Studs® (See Table 6) 



Metal Lath and Piaaier^ 0.33 

Gypsum Board (H in.) Decorated 0.32 

Wood Lath and PlMter 0.31 

Gypsum Lath (H in.) Plastered*... 0.31 

Plywood (H in.) Plain or Deconted • 0.30 

Insulating Board M in.) Plain or Decorated.... 0.23 

Insulating Board Lath (H in.) Plastered* ^ 0.22 

Insulating Board Lath (1 in.) Plastered* 0.17 


Metal Lath and Plaster*. 

Gypsum Board (H in.) Decorated 

Wood Lath and Pfaster 

Gypsum Lath (H_in.) Plutei^ 

Plywood (H in.) Plain or Deeomted 

Insulating Board (H in.) Plain or Decorated... 


Insulating Board (H in.) Plain or Decorated... 0.19 

Insulating Board lAth (H in.) iHastered* 0.10 

Insulating Board La^ (1 in.) Plastered* 0.14 


Metal Lath and Plaster* 

Gypsum Board (H in.) Decorated 

woM Lath and Plaster 

Gypsum Lath (H in.) Plastered* 

Plywood (H in.) Plain or Decorated 

Insidating Board (H in.) Plain or Decorated . 

Insulating Board Lath (H in.) Plastered* 

Insulating Board Lath (1 in.) nastered* 


Metal Lath and Plaster* 

Gypsum Board (H in.) Deewated 

Wood Lath and rater 

Gypsum Lath in.) Plastered* 

Plywood (H in.) Plain or Decorated 

Insulating Board (H in.) Plain or Decorated ... 

Insulatiiig Board Lath (H in.) Plastered* 

Insulating Board Lath (l in.) Plastered* 




® Coefficients not weighted; effect of studding neglected. 

^ Plaster assumed f in. thick. 

^Plaster assumed i in. thick. 

^ Furring strips (1 in. nominal thickness) between wood shingles and all sheathings except wood. 
® Small air space and mortar between building paper and brick veneer neglected. 

/ Nominal thickness, 1 in. 


Wall Number 
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Table 6. Coefficients of Transmission (U) of Frame Walls with Insulation 

Between Framing®* * 

Coeffieienta are expreaeed tn Btu per (hour) (equare foot) (Fahrenheit degree difference in temperature between 
the air on the two eidea), and are based on an outside wind velocity of 16 mph. 



COEFFICIENT WITH INSULATION BETWEEN FRAMING 

A 


COEFFICIENT 

WITH NO 
INSULATION 

Mineral Wool or VEaxTASLE Fibers in Blanket or Bat Form* 

3HlN. 

Mineral Wool 

S 

s 


(Thickness bdow) 






BETWEEN FbAUINO^ 


BKTWHIN 

FRAMING 

1 IN. 

2 IN. 

3 IN. 

z 



A 

B 

C 

D 


0.11 

0.078 

0.063 

0.054 

0.051 

33 

0.12 

0.083 

0.067 

0.056 

0.053 

34 

0.13 

0.088 

0.070 

0.058 

0.055 

35 

0.14 

0.002 

0.072 

0.061 

0.057 

36 

0.15 

0.097 

0.075 

0.062 

0.050 

37 

0.16 

0.10 

0.078 

0.064 

0.060 

38 

0.17 

0.10 

0.080 

0.066 

0.062 

39 

0.18 

0.11 

0.082 

0.067 


40 

0.10 

0.11 

0.084 

0.060 

0.065 

41 

0.20 

0.12 

0.086 

0.070 

0.066 

42 

0.21 

0.12 

0.08S 

■■■ 

0.067 

43 

0.22 

0.12 

0.089 


0.068 

44 

0.23 

0.12 

0.091 


0.060 

45 

0.24 

0.12 

0.003 


0.070 

46 

0.25 

0.13 

0.094 

WSM 

0.071 

47 

0.26 

0.13 

0.096 

0.077 

0.072 

48 

0.27 

0.14 

0.097 

0.078 

0.073 

49 

0.28 

0.14 

0.098 

0.079 

0.073 

60 

0.29 

0.14 

i 0.10 

OOSO 

0.075 

51 

0.30 

0.14 

0.10 

0.0S0 

0.075 

52 

0.31 

0.14 

0.10 

0.081 

0.076 

53 

0.32 

0.15 

0.10 

0.082 

0.077 

54 

0.33 

0.15 


0.083 

0.077 

55 

0.34 

0.15 


0.083 

0.078 

56 

0.35 

0.15 

0.11 

0.084 

0.078 

57 

0.36 

0.15 

0.11 

0.085 

0.079 

58 

0.37 

0.16 

0.11 

0.085 

0.080 

59 

0.38 

0.16 

0.11 

0.086 

O.OSO 

60 

0.30 

0.16 

0.11 

0.086 

0.081 

61 

0.40 

0.16 

0.11 

0.087 

0.083 

62 

0.41 

■■I 

0.11 

0.087 

0.0S2 

63 

0.42 


0.11 

0.088 

0.082 

64 

0.43 


0.11 

0.088 

0.083 

65 

0.44 

0.17 

0.11 

0.0S9 

0.083 

66 


® This table may be usefl for determining the coefficients of transmission of frame constructions with the 
^pes and thicknesses of insulation indicate in Columns A to D inclusive between framing. Columns A, 
B and C may be used for walls, ceilings or roofs with only one air space between framing but 
are not applicable to ceilings with no flooring above. (See Table 11.) Column D is applicable to walls only . 
Example: Find the coefficient of transmission of a frame wall consisting of wood siding, SS in. insulating 
board sheathing, studs, gypsum lath and plaster, with 2 in. blanket insulation between studs. According 
to Table 6, a wall of this construction with no inauhition between studs has a coefficient of 0.10 (Wall No. 4D) . 
Referring to Column B above, it will be found that a wall of this value with 2 in. blanket insulation between 
the studs has a coefficient of 0.084. 

^ Coefficients corrected for 2 x 4 framing, 16 in. on centers—lS per cent of surface area. 

® Based on one air space between framing. 

^ No air space. 
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Coefficients for frame construction are corrected for the effect of framing 
where such correction would increase the coefficients, but not where the 
correction would decrease the coefficients^. 

It should be noted that the effects of poor workmanship in construction 
and installation have an increasingly greater percentage effect on heat 
transmission as the coefficient becomes numerically smaller. Failure to 
meet design estimates may be caused by lack of proper attention to exact 
compliance with specifications, and a factor of safety may be employed as a 
precaution when it is judged desirable. 

Roof Coefficients 

Computations for wood shingle roofs applied over wood stripping are 
based on 1 by 4 in. wood strips, spaced 2 in. apart. Values for roofs con- 
taining Spanish and French clay roofing tile are assumed the same as for 
slate roofs. Values for pitched roofs in Table 16 apply where the roof is 
over a heated attic or top floor so that the heat passes directly through the 
roof structure, including any interior finish material. 

Combined Ceiling and Roof Coefficients 

If the attic space between the ceiling and roof is unheated, the combined 
coefficient from room air below the ceiling to exterior air can be calculated 
from the following formula: 


and 


where 




U ^ combined coefficient to be used with ceiling area 
Rt » total resistance of ceiling and roof 
f/oe coefficient of transmission of ceiling 
Ur » coefficient of transmission of roof 
n B ratio of roof area to ceiling area 


(4) 


(5) 


It should be noted that the over-all coefficient U should be multiplied 
by the ceiling area to determine heat loss and not by the roof area. Values 
of Vt and t/oe should be calculated using a value of 2.2 (the reciprocal of 
one-half the air space resistance) rather than 1.65 for the conductances of 
surfaces facing the attic, since the attic is equivalent to an air space. 

If the attic contains windows, dormers and vertical wall spaces and if 
their area is small compared to that of the roof, they may be considered 
part of the roof area. For accuracy, the sum of the coefficients of each 
individual section multiplied by its percentage of the total area should be 
used as Ut. Where attic wall areas are large it is preferable to estimate the 
attic temperature as illustrated in Chapter 14 and calculate the heat loss 
thi'ough the ceiling by multiplying the value of C/oe for the ceiling by the 
difference in temperature above and below the ceiling. 

Basement Floor, Basement Wall and Concrete Slab Floor Coefficients 

The heat transfer through basement walls and floors to the ground is 
dependent on the temperature difference between the air within and that 
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Table 7. Coefficients of Transmission (17) of Masonry Walls 

Coeffieienta are expreaeed in Bin per {hour) {square foot) {Fahrenheit degree difference in temperature between 
the air on the two sides), and are baeed on an outside wind vdocity of 15 mph. 



^ Based on 4 in. hard brick and remainder common brick. 

^ TheS in. and 10 in. tile figures are based on two cells in the direction of heat flow. The 12 in. tile is based 
on three cells in the direction of heat flow. The 16 in. tile consists of one 10 in. and one 6 in. tile each having 
two cdls in the direction of heat flow. 

^ Limestone or sandstone. 

^ These figures may be used with suflicient accuracy for concrete walls with stucco exterior finish. 

* Expanded slag, burned clay or pumice. 

^ Thickness of plaster assumed } in. 

^Thickness of plaster assumed \ in. 

^ Based on 2 in. furring strips; one air space. 




















































134 


CHAPTER 6 


1949 6ulde 


Table 8. Coefficients of Transmission (U) of Brick and Stone Veneer 

Mabonrt Walls 


Coefficients are expreejud in Btu per (hour) (aguare foot) (Fahrenimt d^ee difference in temperature between 


iiiHifiliiHMillillli 



" Calculations based on i in. cement mortar between backing and facing except in the case of the con- 
crete backing which is assumed to be poured in place. 

^ The hollow tile figures are based on two air cells in the direction of heat flow. 

^ Hollow concrete blocks. 

^Expanded slag, burned clay or pumice. 

* Thickness of plaster assumed I in. 

^ Thickness of plaster assumed i in. 

^ Based on 2 in. furring strips; one air space. 
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Tabub 0. CoxrnciBNTS of Tbansmission (U) or Fbamb Pabtitions ob 

Intebiob Walls* 

Coeffieienis are expreeeed in Btu per {hour) (aguare foot) (Fahrenheit degree difference in temperature between 
the air on the two sides), and are based on atiU air (no wind) conditions on both sides. 


Imrlorl 

INTERIOR ^ 

FINISH 1 

l^J 

« 

SINGLE 
PARTITION 
(Fmish on one 
side only of studs) 

DOUBLE PARTITION 
(Fii^ on both sides of studs) 

a 

I 

:z: 

1 

p! 

No INBUIATION 
BITWUN BTUDB 

1 IN. Blanxbt^ 

BVFWBBN STUDS. 
Om AIR SPACB. 



A 

8 

c 

Metal Lath a"d Plaster^....... . 

Gypsum Board (H in.) Demti^ 

wow Lath and faster 

Gypsum Lath (H in.) Flaster^*. 

0.60 

0.67 

0.62 

0.61 

0.30 

0.37 

0.34 

0.34 

0.16 

0.16 

0.15 

0.15 

1 

2 

3 

4 

Plywood (H in.) Plain or Decorated 


033 

0.15 

5 

Insulating Board (H in.) Plain or Decorated 


0.10 

0.11 

6 

Insulating Board Lath (H in.) Plastered* ....... 


0.18 

0.11 

7 

Insulating Board Lath (lln.) Flaatered* 

mmm 

0.12 

0.082 

8 


" Coefficients not weighted; effect of studding neglected. 

^ Plaster assumed i in. thick. 

^Plaster assumed } in. thick. 

^ For partitions with other insulations between studs refer to Table 6, using values in Column B of above 
table in left hand column of Table 6. Example:^ What is the coefficient of transmission (Cf) of a partition 
consisting of gypsum lath and plaster on both sides of studs with 2 in. blanket between studs? Solution: 
According to aoove table, this partition with no insulation between studs (No. 4B) has a coefficient of 0.34. 
Referring to Table 6, it will be found that a wall having a oMfficient of 0.34 with no insulation between studs, 
will have a coefficient of 0.10 with 2 in. of blanket insulation between studs (No. 56B). 


Table 10. Coefficients of Transmission (U) of Masonry Partitions 

CoefftcienU are expressed in Btu per (hour) (square foot) (Fahrenheit degree difference in temperature between the 
air on the two sides), and are based on etiU air (no wind) conditions on both sides. 



" 2 in. solid plaster partition, U ■■ 0.53. 
^ Expanded slag, burned clay or pumice. 
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For coefficients with insulation between joists, see Table 
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Table 12. Coefficients of Transmission (U) of Concrete Construction 

Floors and Ceilings 


CoeffidenU are expressed in Btu per (hour) (sgtuire foot) (Fahrenheit degree difference in temp'erature between 
the air on the two sides), and are based on still air (no wind) conditions on both sides. 


TYPE OF CEILING 

TBlCSNaSS 

or 

CONCRSTBf 

(Incbm) 

TYPE OP FLOORING 

a 

8 

% 


No 

Flooring 

(Concrete 

Bare) 

Tile* or 
Terraiso 
Flooring 
on 

Concrete 

Directly 

on 

Concrete 

Phrquet* 

Flooring 

In 

Mastie 

on 

Concrete 

Double 

Wood 

Floor 

on 

Bleepen^ 

A 

B 

C 

D 

E 

No Ceiling 

3 

6 

10 

0.68 

0.59 

0.50 

0.65 

0.56 

0.48 

0.66 

0.58 

0.49 

0.45 

0.41 

0.36 

0.25 

0.23 

0.23 

1 

2 

3 


H in* FiBBier Applied to Underside of 
Concrete 

3 

6 

10 

0.62 

0.54 

0.46 

0.50 

0.52 

0.44 

0.60 

0.53 

0.45 

0.43 

0.30 

0.34 

0.24 

0.22 

0.21 

4 

5 

6 


Metsl Lath and Plaster*— Suspended or 
Furred 

3 

6 

10 

0.38 

0.35 

0.82 

0.37 

OM 

031 

0.37 

0.35 

0.32 


0.10 

0.18 

0.17 

7 

B 


B 

G:mum Board in.) and Plaster/— 

Suspended or Furred 

3 

6 

iO 

0.36 

033 

0.30 

035 

032 

0.20 

0.35 i 
0.33 

0.30 

0.28 

0.27 

0.24 

0.10 

0.18 

0.17 

10 

11 

12 


Insulating Board Lath (H in*) and Plaster/ 
Suapendod or Furred 

3 

6 

10 1 

0.25 

0.23 

0.22 

0.24 

0.23 

0.21 

0.25 

0.23 

0.22 i 

0.21 

0.20 

aio 

0.15 

0.15 

0.14 

1 



" Thickness of tile assumed to be 1 in. 

* Conductivity of Asphalt Tile assumed to bo 3.1. 

^ Thickness of wood assumed to be H in.; thickness of mastic, i in. (k ^ 4.5). Col. D may also be used 
for concrete covered with carpet. 

^ Based on H in. yellow pine or hr sub-flooring and H in. hardwood finish flooring with an air space be- 
tween sub-floor and concrete. 

* Thickness of plaster assumed to be | in. 

^ Thickness of plaster assumed to be ii in. 

^ For other thicknesses of concrete, interpolate. 

Table 13. Coefficients of Transmission (U) of Concrete Floors on Ground 
WITH Various Types of Finish P^looring 


U = 0.10“ Btu per (hour) (square foot) (Fahrenheit degree temperature difference 
between the ground and the air over the floor). 

“ Until more coiujilete data are a\ailal)lc, it is recommended that a coeflicient of 0.10 bo used for all types 
of concrete floors on the ground, with or without insulation. For basement wall below grade, use the same 
average coeflicient (0.10). A lower ground temperature should, liowever, be used for walls than floors as ex- 

B lain^ in Chapter 14. For further data see A.S.H.V.E. Reskarch Rkrokt No. 1213 — Ueat Loss Through 
•asement Walls and Fhwrs, by F. C. Houghton, S I. Taimuty, Carl Gutberlet and C. J. Brown 
(A.S.H.V.E. Transactions, Vol. 48, 1942, p. 369). 

of the grouiul, on the material constituting the amiII or floor, and on the 
conductivity of the surrounding earth. The conductivity of the earth 
will vary with local conditions and is usually unknown. Tests^ at the 
A.S.H.V.E. Research Laboratory indicate a heat flow of approximately 
2.0 Btu per (hour) (square foot) through an uninsulated concrete base- 
ment floor with a temperature difference of 20 F between ground tem- 
perature and the air temperature 6 in. above the floor. Based on this 
result, a coefficient of 0.10 Btu per (hour) (square foot) (Fahrenheit degree 
difference) is recommended for calculation where it is desirable to allow 
for the small basement floor heat loss, e.g. for heated basements. 

For basement walls the same coefficient may be used, but due to closer 
proximity to the surface of the ground, the temperature difference for win- 
ter design conditions will be greater than for the floor. The test results 
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Table 14. Coefficients of Transmission ({/) of Flat Roofs Covered with 
Built-up Roofing. No Ceiling — Under Side op Roof Exposed 

(Sec Table 15 for Flat Roofs with Ceilings) 

These coejffieiente are expressed in Btu per {hour) {square foot) {Fahrenheit degree difference in temperature 
between the air on the two sides)^ and are based on an outside wind velocity of lH mph. 



^ 87i per cent gypsum, 12§ per cent wood fiber. Thickness indicated includes | in. gy^ysum hoard. 
^ Nominal thicknesses specified — actual thicknesses used in calculations. 
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Table 15. Coefficients of Thansmission {U) or Flat Roofs Covered with 
Built-up Roofing. With Lath and Plaster Ceilings® 

(See Table 14"for Flat Roofs with No Ceilings) 



^ NominHl thickiieB8e» specified -iioturvl thicknesses useti in ojilciilutions. 

































































Table 16. Coefficients of Transmission { U ) of Pitched Roofs 

Coeffieienia are expressed in Btu per {hour) {square fool) {Fahrenheit degree difference in^ temperature between 
the air on the two sides), and are based on an outside wind veloeity of tS mph. 
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Tabus 17. Combined Coefficients of Transmission { U ) of Pitched Roofs' and 
Hobizontad Ceiunos— Based on Ceiling Abea^ 


Coefficienta are expreeeed in Btu per (hour) (eguare foot of ceiling area) (Fahrenheit degree difference in 
temperature between the air on the two eidea), and are based on an outside wind velocity of 16 mph. 



TYPE OF ROOFING AND ROOF SHEATHING 



Wood Sbinouhi on Wood Stbim4 

AsPBaur Sbinqlis* ob Roll Roonna 


CEILINQ 




ON Wood SBiaTBuro* 


COEFFI- 














B 

CIENT/ 
(Fbom 
T mE 11) 

No Roof 
Insulation 

H In. Insu- 
lating Board 

1 In. Insu- 
lating Board 

NoRoqf 

Insulation 

M In* Insu- 
lating Board 

1 In. Insu- 
lating Board 

1 

(Rafters 

Exposed) 

on Under ffide 

on Under Side 

(Rafters 

Exposed) 

on Under Side 

on Under Side 



of Raftcn 

of Rafters 

of Rafters 

of Wters 



(Ur« 0.48) 

(Ur - 0.22) 

(Ut - 0.16) 

{Vt - 0A3) 

(Ur - 0.23) 

(Ut - 0J7) 



A 

B 

C 

D 

E 

F 


0.10 

0.085 

0.073 

0.066 

0.087 

0.074 

0.067 

19 

0.11 

0.092 

0.078 

0.07 


0.079 

0.071 

20 

0.12 

0.099 

0.082 

0.074 

0.10 

0.083 

0.075 

21 

0.18 

0.11 

0.087 

0.078 

0.11 

0.088 

0.079 

22 

0.14 

0.11 

0.091 

0.081 

0.11 

0.093 

0.083 

28 

0.15 

0.12 

0.096 

0.084 

0.12 

0.097 

0.086 

24 

0.15 


0.10 

0.087 

0.13 

0.10 

0.089 

25 

0.17 

0.13 

0.10 

0.090 

0.13 

0.10 

0.092 

26 

0.18 

0.14 

0.11 

0.093 

0.14 

0.11 

0.095 

27 

0.10 

0.14 

0.11 

0.095 

0.15 

0.11 

0.098 

28 

0.20 

0.15 

0.11 

■■ 

0.15 

■s 

0.10 

29 

0.21 

0.15 

0.12 


0.16 


0.10 

30 

0.22 

0.16 

0.12 


0.17 


0.11 

31 

0.23 

0.10 

0.12 


0.17 


0.11 

82 

0.24 

0.17 

0.13 

0.11 

0.18 

0.12 

0.11 

33 

0.25 

■■ 

0.13 

0.11 

0.18 

0.13 

0.11 

34 

0.26 


0.13 

0.11 

0.19 

0.13 

0.11 

35 

0.27 


0.13 

0.11 

0.19 

0.18 

0.12 

88 

0.28 


0.14 

0.12 

0.19 

0.14 

0.12 

87 

0.29 


0.14 

0.12 

0.20 

0.14 

0.12 

88 

0.30 

0.20 

n 

0.!2 

■■ 

0.14 

0.12 

89 

0.84 

0.21 


0.12 


0.15 

0.13 

40 

0.85 

0.22 


0.13 


0.15 

0.13 

41 

0.86 

0.22 


0.13 

0.23 

0.15 

0.13 

42 

0.37 

0.23 


0.13 

0.23 

0.16 

0.13 

43 

0.45 

0.25 

0.17 

0.13 

0.26 

0.17 

0.14 

44 

0J69 

0.29 

0.18 


0.30 

0.19 

0.15 

46 

0.61 

0.29 

0.18 


0.31 


0.15 

48 

0.62 



0.15 

0.31 

0.19 

0.15 

47 

0.67 


0.19 

0.15 

0.33 

0.20 

0.16 

48 

0.69 

OAl 

0.19 

0.15 

0.33 

0.20 

0.16 

48 


* Calculations based on i pitch roof (n 1.2) using the following formula: 


^ combined coeiTicient to be used with celling area. 

Ut coefficient of transmission of the roof, 
coefficient of transmission of the coiling, 
the ratio of the area of the roof to the area of the coiling. 

^ Use ceiling area (not roof area) with these coefficients. 

* Coefficients in Columns D, E and F may be used with sufficient accuracy for tile, slate and rigid as- 
bestos shingles on wood sheathing. 

d Based on 1 x 4 in. strips spaced 2 in. apart. 

* Sheathing assumed if in. thick. 

f Values of Um to be used in this column may be selected from Table 11. 
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Table 18. Coefficients of Transmission (U) of Doors, Windows, Skylights 

AND Glass Block Walls 

Coeffidenta are expressed in Btu per (hour) (square foot) (Fahrenheit degree difference in the temperature 
between the air inside and outside of the door, window, skylight or wall) and 
are based on an outside wind velocity of 16 mph. 


Section A, 

Windows and 
Skylights 


Single 

Double 

Triple 

U 

1.13ac 

0.45« 

0.28iae 


Nominal 

Thickness 

Inches 

Actual 

Thickness 

Inches 

V 

Exposed Door 

U* 

With Glass 
Storm Door 

Section B, 

Solid Wood 

Doors^^ 

1 

iS 

2 

3 

St 

2H 

0.69 

0.59 

0.52 

0.51 

0.46 

0.38 

0.33 

0.42 

0.38 

0.35 

0.35 

0.32 

0.28 

0.25 

Section C. 

Hollow Glass 

Block Walls 

Descriptiom 

u 

Still Air 
Both Sides 

u 

Still Air Inside 
15 mph Outside 

Smooth surface glass blocks 

7 X X 3% in. thick. 

Ribbed surface glass blocks 
7?^x75^x3t^in.thick. 

0.40 

0.38 

0.49 

0.46 







“ Seo Heating, Ventilating and Air Conditioning, by Harding and Willard, revised edition, 1932. 

** Computed using C ■■ 1.16 for wood; /i = 1.65 and /o = 6.0. 

® It is sufficiently accurate to use the same coefficient of transmission for doors containing thin wood panels 
as that of single panes of glass, namely, 1.13 Btu per (hour) (square foot) (degree difference between inside 
and outside air temperatures). 

^ These values may also be used with sufficient accuracy for wood storm doors. Neglect storm doors if 
loose and use values for exposed doors. 

•Air spaces assumed to be ? in. or more in width. 

indicate a unit area heat loss, at mid-height of the basement wall, approxi- 
mately twice that of the same floor area. 

For concrete slab floors laid in contact with the ground at grade level, 
recent tests® indicate that for small floor areas (equal to that of a house 
25 ft square) the heat loss may be calculated as proportional to the length 
of exposed edge rather than total area. This amounts to 0.81 IHu per 
(hour) (lineal foot of exposed edge) (Fahrenheit degree difference between 
the inside air temperature and the average outside air temperature). 
It should be noted that this may be appreciably reduced by insulating the 
edges of the floor from the abutting wall. 

CALCULATING SURFACE TEMPERATURES 

In many heating and cooling load calculations it is necessary to deter- 
mine the inside surface temperature or the temperature of the surfaces 
within the structure. As the resistance of any path of heat flow is ex- 
pressed in Fahrenheit degrees per (Btu) (Hour) (Square Foot) the re- 
sistances through any two paths of heat flow would be proportional to the 
temperature drop through these paths and can be expressed as follows : 

„ ?.• ( 6 ) 
Rt (h - «.) 

where 

Hi = the resistance from the inside air to any point in the structure at which the 
temperature is to be determined. 
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Ri » the over-all resistance of the wall from inside air to outside air. 

» inside air temperature 
tx = temperature to be determined 
== outside air temperature 


Example 2. Determine the inside surface temperature for a wall having an over-all 
coefficient of heat transmission U = 0.^5, inside air temperature 70 outside air 
temperature — 20 F. Solution: 


Then, by Kquation 1 


1 

1 

/ei = 7 « 

, = 0.606 

/. 

1.65 

^2 * Tr =* 

J- = 4.00 

u 

0.25 

0.606 

70 - U 


4.00 70 - ’(-20) 


tx = 56.4 F. 


The same procedure can be used for determining the temperature at any 
point within the structure. 


WATER VAPOR AND CONDENSATION 

Water vapor is an important factor in the design and construction of 
many types of buildings and in processes where controlled air conditions 
are essential. It must often be considered in the construction of resi- 
dences, or public buildings located in cold climates and, to a lesser extent, 
in those located in warm climates. It is extremely important to consider 
the moisture problem in the construction of cold storage and low tempera- 
ture rooms. Manufacturing processes which require special humidity 
often require buildings designed with consideration for the effect of mois- 
ture on the building. There are, likewise, many processes which in them- 
selves create moisture problems which become the major consideration 
in either the construction of the building or the method of plant operation. 

These water vapor problems, being present to a greater or lesser ex- 
tent in the majority of heating, cooling and air conditioning processes, make 
it necessary to understand the laws governing water vapor and its relation 
to air conditioning processes as well as its effect on different types of 
structures. 


Water Vapor 

"I'he theory governing water vapor is well known and yet it is too often 
overlooked or given scant consideration in the construction of buildings 
and the layout of air conditioning processes. Water vapor is present in all 
air ; it occupies the space ; and has the same properties that it would have 
if tlie air were not present. It is steam at low pressure and temperature. 
Thus, in an air vapor mixture at 80 F, the density of the water vapor may 
be 0.(K)158 lb per cu ft providing that it is saturated and the vapor pressure 
would be 1 .0323 inches of mercury. These are the same conditions that 
would be obtained in a cubic foot of saturated steam at 80 F, and it is 
spoken of as 100 per cent relative humidity air. If this same volume of 
air contained only one-half of the original moisture or 0.00079 lb per cu ft, 
it would be only 50 per cent saturated, or the relative humidity would be 
50.1 per cent. In the first case, the vapor pressure w^ould be 1.0323 inches 
of mercury and in the second case, it w’ould be 50.1 per cent of this or 
0.5172. In the first case, the vapor would be saturated and the dew point, 
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or condensing temperature, would be 80 F. In the second case, the vapor 
would be superheated and the dew point, or condensing temperature, would 
be about 60.2 F. When the vapor in a space is cooled down either by con- 
tact with cold surfaces or otherwise to a temperature below its dew point 
temperature, some of the vapor will be condensed and form either free water 
or frost depending upon the temperature. In condensing, the vapor will 
give up heat and be deposited as either free water or frost depending upon 
the condensing temperature. 

Surface Condensation 

If water vapor comes in contact with surfaces of materials which have 
temperatures below its dew point temperature, condensation will take 
place. This process is seen in the accumulation of moisture on surface of a 
cold glass of water, or on cold water pipes. In cold storage systems con- 



Fig. 5. Permissible Relative Humidities for Various Transmission 

Coefficients 

densation occurs on the cooling surfaces. In the winter condensation col- 
lects on interior surfaces of windows, cold closet walls or attic surfaces, 
and sometimes it occurs within cold sections of the structure. The extent 
of condensation in these places depends upon the surface temperature of 
the material and the dew point temperature of the vapor in contact with 
these materials. 

In residences and public buildings the surface condensation problem is 
usually more important from the viewpoint of its nuisance and deteriorat- 
ing effect on the structure than it is from the standpoint of addition to the 
cooling load. In cold storage plants and refrigerating processes, it often 
has a material effect on the structure, the cooling load and the operating 
efficiency. 

For residences and other similar buildings, condensation is usually de- 
pendent upon surface temperatures and upon the dew point temperature 
of the air in contact with these surfaces. For any set of temperature and 
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humidity conditions, there is a definite relation between the condensation 
possibilities and the insulation of exposed parts of the structure. Limiting 
maximum relative humidities for walls, roofs or glass, having transmission 
coefficients up to 1.2 Btu for outside temperatures, from — 30 F to 40 F, 
and for 70 F inside temperature may be obtained from Figure 5. 

* 

Vapor Transmission Through Materials 

The condensation of moisture within buildings is not limited to visible 
surfaces such as wall surfaces and glass surfaces. Vapor will pass through 
certain materials very readily and may penetrate into exterior or cold walls 
and come in contact with material within these structures having a tem- 
perature below the dew point temperature of the vapor and thus form mois- 
ture or frost within the wall. This moisture tends to accumulate over long 
periods of time without being observed. It is this accumulation of interior 
and unobserved condensation that causes the greatest difficulty in many 
long-range processes. The property of a material to transmit vapor is 
known as its vapor permeability. The theory covering vapor transmission 
through materials leads to the following formula: 

- mA (P, - A) (7) 

where 


W = total moisture vapor flow, grains per hour through the wall. 

M = permeability, grains per (hour) (square foot) (unit vapor pressure differen- 
tial). 

A = area of the wall, square feet. 

Pi » vapor pressure on the humid side of the wall, and 

P2 = vapor pressure on the other side of the wall, both in units consistent with the 
pressure units of the transmission coefficient. 


The over-all moisture transfer coefficient for a wall consisting of a com- 
bination of several materials in series may be calculated by combining the 
permeabilities (mi, M 2 , M 3 , etc.) of the individual materials according to the 
formula : 


A* 


1 

1 1” 1 1 

~ + I -f — 

M3 r-ii 


( 8 ) 


In the application of Equation 8 it is assumed that the permeability i® 
directly proportional to the vapor pressure drop between two different 
planes, and that the resistance to vapor is additive for several materials 
in series. This theory may apply so long as the vapor remains in the vapor 
state. In most cases, however, there is a change in temperature through- 
out the structure and the vapor may change to a liquid or even a solid, and 
thus completely change the mechanism by which it is transferred through 
the material. Furthermore, many materials are hygroscopic and vapor is 
absorbed somewhat in the proportion to the relative humidity and not 
directly proportional to the pressure of the vapor in contact with the mate- 
rial. A further point to be considered is that the vapor pressure or dew 
point temperature drop per degree of temperature drop is much greater in 
high temperature than it is in low temperature ranges. Due to the uncer- 
tainties as to the exact mechanism for the transfer of vapor through various 
types of structures, the application of a theory which parallels the theory of 
heat transmission should be used with caution. 

There are several methods for determining the vapor permeability of 
materials. While a lengthy discussion of these methods cannot be under- 
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taken here, it may be said that there is not complete agreement in the re- 
suits obtained by the different methods nor regarding a single standard to 
be used. Notwithstanding the uncertainties as to the theory and the lack 
of complete agreement as to test methods for measuring vapor permeabil- 
ities, the requirements are well understood and the relative values of cer- 
tain types of materials have been established with sufficient precision to 
indicate their vapor permeability. Some values which may be used as a 
guide are given in Table 19. 

Table 19. Permeability op Varioits Materials to Water Vapor 


Group 

Material 

Permeability 
Grains per (Sq Ft) 
(Hr) (Inch He) 


Plantikr Vtasi> anrf pla<;ter, in _ . . 

14.7 


Fir sheathing, ^ in 

2.9 


Waterproof paperh 

40.1 

!•' 

Pine lap siding 

4.9 


Paint film 

3.4 


Sugar cane fiberboard, 5^ in..- 

12.6 


Brick masonry, 4 in 

1.1 



■ 

Foil-surfaced reflective insulation, double-faced— 

0.08 to 0.13 


Roll roofing — smooth, 40 to 65 lb per roll 108 sq ft 

0.13 to 0.17 


Duplex or laminated papers, 30-30-30 

1.37 to 2.58 


Duplex or laminated papers, 30-60-30 

0.52-0.86 


Duplex paper, coated with metallic oxides 

0.52-1.29 


Insulation backup paper, treated 

Plaster, wood lath 

0.86-3.42 

11.00 


Plaster, 3 coats of lead and oil 

3.68 to 3.84 


Plaster, 2 coats of aluminum paint 

1.15 

Plaster, fiberboard or gypsum lath.- 

19.73 to 20.57 


Plywood, H in., 5-pIy Douglas fir 

2.67 to 2.74 


Plywood, 2 coats of asphalt paint - 

0.43 


Plywood, 2 coats of aluminum paint 

1.29 


GvpMiim lalh with metallic aluminum hacking 

0.09-0.39 


Ypsplating lath and sheathing, hoard type 

25.68 to 34.27 


Tnsuiaiing sheathing, surface-coated 

3.03 to 4.36 


Insulating cork blocks, 1 in..— 

6.19 


Mineral wool, unprotected, 4 in 

29.07 


Sheathing paper, a.sphalt impregxiated, glossy 

0.17-2.05 




* Calculating Vapor and Heat Transfer Through Walls, by L. G. Miller {Heating and Ventilating 35, 
Na 11, 56, November. 1938). 

" Light weight slaters felt used to keep rain from drifting through. Not used as a vapor barrier. 

^ How to Overcome Condensation in Building Walls and Attics, by L. V. Teesdale {Heating and Ventila^ 
ting, Vol. 36, No. 4, April, 1939). 

Water-proofed building papers are listed in Federal Specifications UU- 
P-147, May 24, 1948, according to water vapor resistance required as: 

Class A. For uses where a high degree of water-vapor resistance is required. 

Class B. For uses where only a moderate degree of water-vapor resistance or high 
water resistance is required. 

Class C. For uses where only a moderate degree of water resistance is required. 

Class D. For uses where high permeability to water vapor is required. 

Detail requirements in these specifications are given as follows: 

Class A paper shall have a minimum tensile strength in each direction of either 
35 pounds per inch width or 20 pounds per inch width, as specified in the invitation 
for bids. Paper of both strengths shall have a minimum water resistance of 24 hours 
and a maximum water- vapor permeability of 4 grams per square meter per 24 hours . 

Class B paper shall have a minimum tensile strength in each direction of either 35 
pounds per inch width or 20 pounds per inch width, as specified in the invitation for 
bids. Paper of both strengths shall have a minimum water resistance of 16 hours, 
and a maximum water-vapor permeability of 6 grams per square meter per 24 hours. 

Cla^s C paper shall have a minimum tensile strength in each direction of either 35 
pounds per inch width or 20 pounds per inch width, as specified in the invitation for 
bids. Paper of both strengths shall nave a minimum water resistance of 8 hours. 

Class D paper shall have a minimum tensile strength in each direction of 20 pounds 
per inch width. The paper shall have a minimum water resistance of 10 minutes and 
a minimum water- vapor permeability of 35 grams per square meter per 24 hours. 
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The method of test used to determine permeability as specified is the 
following : 

The test specimen having an area of at least 50 ^uare centimeters, shall 
be sealed on the mouth of a dish containing calcium chloride. The seal 
shall be made with wax composed of 60 per cent refined amorphous wax 
and 40 per cent of refined crystalline 'paraffin wax. ^ The dish shall be ex- 
posed to an atmosphere of 73 F zfc 3.5 deg and 50 zfc 2 per cent relative 
humidity until a constant rate of gain in the weight of the dish is attained. 
The average constant weight of gain for at least four test specimens shall 
be reported as the water-vapor permeability of the material in terms of 
grams per square meter, per 24 hours. Both sides of the material, in equal 
number, shall be exposed towards the calcium chloride. 

Surface Condensation Control 

Since surface condensation is caused by water vapor coming into contact 
with the surfaces having temperatures below its dew point temperature, 
the obvious remedy is, first, to reduce as far as practicable the dew point 
temperatures of the surrounding vapors, and, second, to increase the tem- 
peratures of the surfaces with which these vapors may come in contact. 
The control of the dew point is usually an operating problem. It may be 
lowered by giving attention to source of the moisture and eliminating it 
before it comes in contact or mixes with the air in the space. It may also 
be effectively reduced by ventilation or by some moisture absorption proc- 
ess. The control of vapor formation and its elimination from the space 
as soon as possible is one of the first requirements in most condensation 
problems. It is often the complete remedy. 

The temperatures of the surfaces with which the vapor comes in contact 
may be increased by adding insulation to outside walls, by double glazing 
of w indows, by circulation of warmer air over the surface, or perhaps by 
direct heating of the surfaces. The most expedient method of overcoming 
surface condensation difficulty will depend upon special conditions sur- 
rounding the problem. This is a construction rather than an operating 
problem. 

Control of Condensation Within Structure 

Since condensation within the structure is really surface condensation 
transferred to the interior parts of the structure, the same precautions as 
to humidity control should be observed as for surface condensation. In 
addition to this, however, the structure must be built to prevent vapor from 
getting to the interior sections of a w^all. A w^all w hich is apt to have a cold 
interior section should be constructed with a vapor-resisting material on its 
w^arm surface. 

There are many types of materials and methods of construction which 
may be used to vapor proof the interior surfaces of cold walls. Vapor 
resistant membrane materials are often built into the w^all near the w’^arm 
surface. In w’ ood frame w^alls they may be applied to the inside surface of 
the studs. They are sometimes attached to the warm side of insulating 
materials or they may be applied on the cold side of plaster base inaterials. 
There are several types of vapor resistant papers in combination with metal 
foils which may be used. To be effective these barriers should have a 
reasonably high resistance to the passage of vapor and should be so applied 
that they are continuous and unbroken. 

The interior construction of the w all may also be made of vapor resistant 
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material, or some vapor resistant coating may be applied to the inner or 
warm surface of the wall. 

In applying vapor resistance to a wall, there are certain fundamental 
principles which should be followed. First, the vapor barrier should be 
placed as near to the warm surface of the wall as practicable. Second, it 
should be continuous with no direct openings through the barrier. If 
membrane barriers are used back of the plaster of interior finish, the joints 
should be lapped over some solid framing member and not between the 
studs or in similar places. Usually a two-inch lap over a framing member 
will make a sufficiently tight joint when the interior finish is applied. 
Such a lap, however, without backing would not be adequate. All open- 
ings for electrical fixtures and joints around window and door casings should 
be carefully sealed. 

Since, in applying vapor barriers the primary purpose is to prevent water 
vapor from entering the warm side of the wall the barrier in order to be 
effective must be placed near the warm side and all joints must be suffi- 
ciently tight to prevent direct leakage of the vapors. The limiting per- 
meability for a material which may be considered as a barrier, will depend 
upon the requirements. For ordinary residential work, it has generally 
been considered that a material having a permeability of one grain of mois- 
ture per (sq ft) (hr) (in. Hg of vapor pressure) difference across the barrier 
is adequate. There are cases, however, in residential construction where a 
barrier having a permeability of 1.00 would not be sufficient and there are 
also many industrial applications in which a very much higher vapor re- 
sistance is required. The best time to vapor proof a building is during its 
construction. After the building is completed the remedies are limited 
largely to operational control and surface treatment of the structure. 

Ventilation of Structure 

Condensation difficulties may often be eliminated by lowering the dew 
point temperature or the relative humidity by ventilation. It is much more 
practicable to apply ventilation in open spaces than it is in interior parts 
of the structure. For a wall construction it is far better to seal the warm 
surface so that the vapor cannot enter, than it is to try to ventilate the 
vapor out of the wall once it has entered. Wherever possible, it is prefer- 
able to eliminate the moisture at its source rather than to rely on ventila- 
tion. 

Condensation on the interior surface of cold attic walls may be eliminated 
by ventilation. However, in new construction and in other places where 
practicable, it is far better to use vapor barriers and other means to prevent 
the vapors from entering the attic space. Ventilation is often uncertain 
in its effect and, furthermore, it is a source of some heat loss. Where ven- 
tilation is used for attics or other parts of a building, precautions must be 
taken to see that the air is adequately distributed throughout the space to 
be ventilated. No fixed amount can be given for the ventilation required 
but for the ordinary home with gravity attic ventilation, the inlet and out- 
let openings should be well distributed and the total area of each should be 
one quarter square inch per square foot of floor. These openings should be 
distributed with due regard to the type of construction, outside wind veloc- 
ities, and all factors which affect the circulation of air. The conditions are 
so varied that no hard and fast rules can be set down which will cover all 
cases. The best defense against condensation on attic walls and other 
similar surfaces is to prevent the vapors from entering these spaces. Yen- 
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tilation is a precaution but not the best direct solution of most condensa- 
tion problems. 
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CHAPTER 7 

PERFORMANCE OF AIR HEATING AND COOLING 

COlLS 


Performance of Heating and Dry Cooling Coils, Over-all Coefficient of Heat Transfer, 
Performance of Dehumidifying Coils, External Film Coefficient, Internal 
Film Coefficient, Determining Size of Cooling Coil 


T he surfaces described in this chapter are for heating or cooling an air 
stream under the conditions of forced convection. Such surfaces may 
be made up of a number of banks of tubes assembled in the field or the 
entire assembly may be factory constructed. They may be made of either 
bare or finned tubing, but regardless of their construction they are gener- 
ally referred to as coils. A description of the types, application, and selec- 
tion of such coils is given in Chapter 25. Therefore, this chapter is confined 
to the theoretical considerations which affect the calculation of the per- 
formance of these coils. 

HEATING AND DRY COOLING COILS 

The performance of heating and dry cooling coils depends in general 
upon: 

1. The over-all coefficient of heat transfer from the fluid within the coil to the air 
it heats or cools. 

2. The mean temperature difference between the fluid within the coil and the air 
flowing over the coil. 

3. The physical dimensions of the coil. 

Thus, for any one definite operating condition, the heating or cooling 
capacity of a given coil is expressed by the following basic formula : 

U X (MTD) X AXN (1) 

where 


qx — total heat transferred by the coil, Btu per (hour) (square foot of coil 
face area). 

IJ = over-all coefficient of heat transfer, Btu per (hour) (square foot of exter- 
nal coil surface) (Fahrenheit degree temperature difference between the 
fluid within the coil and the air flowing over the coil). 

MTD = mean temperature difference, F’ahrenheit degrees, between the fluid 
within the coil and the air passing over it. (This is commonly taken as 
the logarithmic mean temperature difference.) 

A » external surface area of the given coil, square feet per (square foot of 
coil face area) (row of coil depth) . 

N « number of rows of coil depth. 

Over-all Coefficient of Heat Transfer 

Of all factors affecting the perfonnance of heating or dry cooling coils, 
the over-all coefficient of heat transfer is the most difficult to determine as 
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it is influenced by several factors which depend upon coil design and con- 
ditions of operation. 

Considering any coil, whether of bare pipe or of finned type, the over-all 
heat transfer coeiflcient for a given size and design of coil can always be 
considered as a combined effect of three individual heat transfer coef- 
ficients, namely: 

1. The film coefficient of heat transfer between air and the external surface of the 
coil, usually given in Btu per (hour) (square foot external surface) (Fahrenheit 
degree mean temperature difference). 

2. The coefficient of heat transfer through the coil material — tube wall, fins, ribs, 
etc. 

3. The film coefficient of heat transfer between the internal surface of the coil and 
the fluid flowing within the coil, usually given in Btu per (hour) (square foot internal 
surface) (Fahrenheit degree mean temperature difference). 

These three individual coefficients acting in series result in an over-all 
coefficient of heat transfer in accordance with the basic laws given in Chap- 
ters 5 and 6. For a bare pipe coil the over-all coefficient of heat transfer, 
whether for heating or for cooling (without dehumidification), can be ex- 
pressed by a simplified basic formula as follows : 


ie A 1 (2) 

hr 


where 

I ; ;= over-all coefficient of heat transfer, Btu per (hour) (square foot external sur- 
face) (Fahrenheit degree mean temperature difference between air and fluid 
within the coil). 

hr = film coefficient of heat transfer between the internal surface of the coil and 
the fluid flowing within the coil, Btu per (hour) (square foot internal sur- 
face) (Fahrenheit degree mean temperature difference between that surface 
and the average fluid temperature). 

/in = film coefficient of heat transfer between air and the external surface of the 
coil, Btu per (hour) (square foot external surface) (Fahrenheit degree moan 
temperature difference between the mass of air and the external surface). 

k *= conductivity of material from which the bare pipe is constructed, Btu per 
(hour) (square foot) (Fahrenheit degree per inch thickness). 

L = thickness of tube wall, inches. 

R as ratio between external and internal surface of the bare tube, usually varying 
from 1.03 to 1.15 for the tube used in typical heating or cooling coils. This 
ratio R is inserted in the formula in order to place internal fluid coefficient 
of heat transfer on the basis of external surface. 

Frequently, when pipe or tube w’alls arc thin and of material having high conduc- 
tivity (as is the case in construction of typical heating and cooling coils) the term 
L/k in Equation 2 becomes negligible and is generally disregarded. (The effect of 
the term l//k in typical bare pipe heating or cooling coils seldom exceeds 1 to 2 per 
cent of the over-all coefficient). Thus, in its simplest form, for bare pipe; 

1 _ 

R 1 


U 


(3) 
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For finned coils the formula' for the over-all coefficient of heat transfer 
can be conveniently written: 


( 4 ) 

Mt - 

in which the term ij, called the fin efficiency, is introduced to allow for the 
resistance to heat flow encoimtercd in the fins. 

The term R, in this case, is the ratio of total external surface to internal 
surface. For typical designs of finned coils for heating or cooling, this 
ratio varies from 10 to 30. Term R is again introduced to place the internal 
surface coefficient of heat transfer on a basis of external surface. In the 
discussions which follow, coefficients K and ijA, will be considered sepa- 
rately, and also various ways of combining them will be outlined. 

The performances of all heating and dry cooling coils are infiuenced by 
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Fici. 1. Pebformance of Deiiumiuiftino Coil 

tliose same factoi's. But, when cooling coils operate wet or act as de- 
humidifying coils, the performance cannot be predicted on the basis of 
over-all coefficients and an analysis must be made on the basis of individual 
film coefficients as will be explained. 

PERFORMANCE OF DEHUMIDIFYING COILS 

When a cooling coil operates with a surface temperature which is below 
the dew-point of the air entering the coil, moisture is condensed and the 
air leaves the coil with a humidity ratio lower than it had when it entered 
the coil. To understand the performance of surface coils under such con- 
ditions, assume that air enters a cooling coil at conditions corresponding to 
point 1 in Fig. 1 . As long as the surface temperature of the coil is above 
the dew-point, the air is cooled without dehumidification, and its condition 
leaving the coil will be somewhere on line 1-A. Its exact position on this 
line depends on the air velocity and the external film coefficient as well as 
upon the surface temperature, lyhen the surface temperature just equals 
the dew-point, the air leaves with conditions represented by point A. If 
the surface temperature is below the dew-point, condensation takes place, 
and the air has a final condition somewhere along the line A-2-3 which is a 
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line at a constant horizontal distance from the saturation curve. It should 
be understood that the line l-A-2-3 is not intended to represent the path 
of the condition of the air as it passes through the coil from row to row. It 
is simply the path traced by the exit air conditions as the surface temper- 
ature is gradually reduced with other conditions remaining constant^. 

In the process of dehumidification, since heat is being transferred to the 
coil surface by two different mechanisms, (convection and condensation), 
it is evident that an over-all coefficient of heat transfer cannot be deter- 
mined by the same method used for heating and for dry cooling coils. 
However, if it is assumed that the sensible heat transfer of a dehumidifying 
coil is unaffected by the presence of moisture on its surface. Equation 5 
may be obtained to express this part of the heat transfer in terms of the 
external film coefiicient and the surface temperature. 

qn--KXAXNX (MTD^) ( 5 ) 

where 


9b = sensible heat transferred, Btu per (hour) (square foot of coil face area). 
ti = dry-bulb temperature of air entering coil, Fahrenheit degrees. 
i 2 = dry -bulb temperature of air leaving coil, Fahrenheit degrees. 
tu = average temperature of coil external surface, Fahrenheit degrees. 

MTDt, — logarithmic mean temperature difference between air and coil surface = 


ti-U 


log. 


ti-U 

U-U 


If Equation 5 is combined with another equation expressing sensible 
heat transfer in terms of mass velocity and temperature difference, the 
variables may be arranged in the following form (which is useful for the 
solution of dehumidification problems and for the determination of /i* from 
test data) : 


fe.A JV((i - U) 


log. 


ti-U 


0.243G(«i - U) 


or, 


where 


ht,AN u — 1» 

0.243(?“ 


( 6 ) 


0.243 specific heat of humid air, Btu per (pound) (Fahrenheit degree) . 

Q « air mass velocity, pounds per (hour) (square foot of coil face area) . 

An examination of Fig. 1 will reveal that when U is at the dew-point of 
the entering air : 

il Ib — tdpl 

■■ BS 

im in tm ““ fdpl 

and when U is below the dew-point : 

U ~~ ta tl ~ fd|d 
<2 “ f2 — fd 2 
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Therefore, Equation 6 may be written in its most useful form as ; 


_ il ” tdpl - 

0.243(? “ fa - tdpi “ 

where 

* 

U = minimum dry -bulb possible without dehumidification, Fahrenheit degrees, 
/dpi — dew-point of air entering coil, Fahrenheit degrees. 

/dp2 — dew-point of air leaving coil, Fahrenheit degrees. 


(7) 


This equation may be used to establish a line as A-2-3 for a given coil 
if Aa is known for the coil, or it may he used to determine A* S^om test data 
for the purpose of rating coils. The use of this equation for coil selection is 
illustrated in Example 1 at the end of the chapter. Equation 7 is also 
important as a means of determining the external film coefficient. 


External Film Coefficient 

While formulas have been developed expressing the film coefficient Aa for 
air passing parallel to a plane surface, they cannot be used directly for fins 
on tubes because of air turbulence and because of the temperature gradient 
prevalent from the edge of a fin to its center. It is therefore necessary to 
make tests to evaluate the combined term j^Aa. The term, riK, will be 
written merely Aa in this discussion as there is no necessity for separately 
evaluating ri and because values of A* are usually applied only to the partic- 
ular coils for which tests are made. 

The air side coefficient. A*, of a coil of particular dimensions is an expon- 
ential function of the mass velocity of the air : 

( 8 ) 

cohere 


« fiJm coeflicient of heat transfer, Btu per (hour) (square foot external 
surface) (Fahrenheit degree mean temperature difference between air 
and average surface temperature). 

G = air mass velocity, pounds per (hour) (square foot of coil face area). 

Z and n = constants which depend upon both air turbulence and surface arrange- 
ment. 

Evaluation of constants Z and n may be accomplished through the use 
of test data in Equation 7 which gives values of Aa directly from the results 
of any wet coil test. If Aa, calculated in this manner, is plotted against 
values of G which prevailed during the tests a straight line should result 
on logarithmic coordinates. The slope of this line is the value of n. The 
value of Z may then be determined by direct substitution in Equation 8. 

For finned coils of different designs, values of Z and n are extremely vari- 
able, depending on the particular design and arrangement of the coil surface. 
Therefore, it is desirable that these constants be determined directly from 
test data for each type of coil surface. 

Internal Film Coefficient 

The internal film coefficient. A, which appears in Equation 3, is evaluated 
in various ways, depending upon the nature of the fluid, and whether the 
fluid is changing state. 

When evaporating refrigerants are used in tubes, the temperature of the 
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fluid is fairly constant, being affected principally by pressure drop through 
the tubes, by superheat of the evaporated refrigerant, and by the presence 
of oil in solution. To obtain maximum coil capacity it is necessary to keep 
the pressure drop through the tubes at a minimum, to keep the superheat 
as low as possible without carrying liquid back to the compressor, and to 
arrange for good separation and return of oil to the compressor. Another 
important factor is the removal of gas to keep the tube surface flooded with 
liquids as much as possible. The internal film coefficient is markedly in- 
creased by heavy heat loads, because the increased turbulence and gas 
velocity cause good contact of the liquid with the tubes. Values of K 
usually lie between 150 and 450. For rating of dehumidifying coils, satis- 
factory results are obtainable by first determining the average external sur- 
face temperature from Equation 7, and then using the difference between 
the external film temperature and the refrigerant for evaluating A, in 
Equation 9. 


where 


hr^ 




AN , 

iU “■ tt) 


(9) 


hr ■* internal film coefficient of heat transfer, Btu per (hour) (square foot of 
internal tube surface) (Fahrenheit degree). 
tr « average refrigerant temperature, Fahrenheit degrees. 

The term (f, — <,) is commonly written At To evaluate by this 
method the same tests that were required to determine may be used. 

When water is the cooling medium in tubes, the rate of heat transfer is 
a function of its velocity, which influences the number of contacts of the 
water molecules wdth the tube surface, per unit of time. Increased w ater 
velocity and reduced tube diameter cause increased heat transfer. Heat 
transfer is also greater at higher temperatures of the w^ater. The basic 
formula for the film coefficient of heat transfer for flow of water in smooth 
tubes is as follow’s : 

/ir-1.5(« + 100)— (10) 

where 


V ■■ water velocity, feet per second. 

D « internal diameter of tube, inches. 

t « average water temperature, Fahrenheit degrees. 

Equation 10 should not be used when Reynolds Number is less than 2000. 

Since, in the case of finned tubes using water as a refrigerant, test values 
of hr based on the calculated surface temperature for the entire coil may 
be lower than those obtained by use of Equation 10, actual test results are 
preferred if available. 

When saturated steam is condensed in the tubes of coils, the film coef- 
ficient hr varies from 1000 to 2000, depending on freedom from air in the 
steam, and upon good drainage of the tubes. The coefficient is fairly con- 
stant for a particular coil, giving values of At that are directly proportional 
to gt- However, if water coil test results are analyzed on a row-by-row 
basis good agreement with Equation 10 will result.^ 
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The use of turbulence promoters increases the value of for liquids in 
tubes at the expaise of pressure drop. The increase obtained depends upon 
the type of turbulence promoter and the rate of flow. No general state- 
ment can be made regarding their use and it is best to refer to detailed 

papers on this .subject for further information.*-* 

* 

Determining Size of Cooling Coil 

To illustrate the use of individual film coefficients in coil calculations, 
the procedure for selecting the proper size cooling coil and for determining 
exit air condition, coil surface temperature, total coil load and refrigerant 
temperature is outlined in Example 1 . 



Fk;. 2. PsYCHROMETiiic Layout for Coil Selection 


Example 1 . An industrial application requires the cooling of a certain quantity of 
air from a condition of 102 F dry -bulb and 85 F wct-bulb to a final condition of 80.5 F 
dry-bulb and 73 F wct-bulb. The air velocity across the coil is to be 400 fpm and coil 
data are as follows: K = 10.7 at 400 fpm, /ir = 325, external surface area = 15 sq ft 
per (square foot of face) (row of coil depth), ratio of external surface area to internal 
surface area = 15. 

Solution. (1 ) Lay out the problem psychrometry as indicated in Fig. 2 and note 
that the minimum horizontal distance between the load ratio line and the saturation 
curve is 1.8 F dry-bulb at point A Fig. 2. This means that h — <dp 2 in Equation 7 
must not be less than 1.8. Therefore, Equation 7 should be solved for E to deter- 
mine the proper number of rows to be used for the coil. 


bAIl . log. h fi!? . log. = log. 12.22 = 2.6 

0.243G 1.8 

Then substituting values for h., A, and 0, N may be found as follows: 


10.7 X 15A’ „ . , V . u »7 a CO 

— 2.5 from which, N = 6.58 

0.243 X 1740 
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(2) This establishes the maximum whole number of coil rows that can be used as 6 and 
it is now possible to determine the actual location of the exit air conditions from 
Equation 7 by solving for the actual value of — <dps for a 6 row coil. 


10,7 X 15 X 6 102-80 

0.243 X 1740 “ ti - «dpi 


2.276 


This establishes values of 9.78 for — R and 2.25 for t 2 — ^dp 2 - 

t% — tdjA 

(3) Next, the exit air condition at 57.3 F dry-bulb and 56 F wet-bulb as shown at B, is 
found by locating a point on the load ratio line at a horizontal distance of 2.25 dry- 
bulb degrees from the saturation curve. 

(4) The surface temperature may now be found from Equation 7 which may also be 
written as: 


Bh-it 

B-1 


where 


B 


tl ^dpl 

U tdp* 


9. 78 X 57.3 - 102 

8.78 


52.3 


(5) The total coil load may be calculated from the enthalpy difference across the coil 
and the air quantity using the weight of dry air instead of the weight of the mixture. 

gt = 0 ^ {hi — 112) 

= 1700 (49.24 — 23,77) = 43,200 Btu per (hr) (sq ft of face area) 

where 

Ga = weight of dry air per (hour) (square foot of coil face area). 

hi = enthalpy of air vapor mixture entering coil, Btu per pound of dry air. 

h 2 = enthalpy of air vapor mixture leaving coil, Btu per pound of dry air. 

(6) The refrigerant temperature may be found from Equation 9 


43,200 


15X6X 


3^ 

15 


{ta fr) 


22.1 


Therefore, tr = (52.3 - 22.1) = 30.2, 

Thus a coil 6 rows deep, operating at a refrigerant temperature of 30.2 F and a face 
velocity of 400 fpm, is required; and it will carry a total load of 43,200 Btu per (hour) 
(square foot of face area) . The air conditions leaving the coil are too low for the con- 
ditions of the problem and therefore it is necessary to by-pass air at the entering 
condition to obtain the desired result of 80.5 F dry-bulb and 73 F wet-bulb. 

Although the preceding solution is satisfactory, it may be more desirable in some 
cases to use a higher refrigerant temperature and employ reheat to obtain the desired 
load ratio. Such a solution is shown in Fig. 3. In this case the coil load ratio line 
intersects the saturation curve and therefore a coil of any depth may be selected. 

If a coil depth of 6 rows is maintained, the exit air conditions for the coil are indi- 
cated at point B Fig. 3 as 72.3 F dry-bulb and 70.8 F wet-bulb and the surface temper- 
ature will be : 


9.78 X 72.3 - 102 


it 


8.78 
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The coil load will be: gt = 1700 (49.24 — 34.66) =* 24,800 Btu per (hour) (square foot 
of face area) and the refrigerant temperature will be found from Equation 9: 


24,800 

ooe 

15X6X^ 

IB 


{tt fr) 


12.7 


Therefore, tr = 69.0 — 12.7 = 56.3. 

Thus, for the case where reheat is used, a coil 6 rows deep operating at a refrigerant 
temperature of 56.3 F is required. The total coil load will be 24,800 Btu per (hour) 



Fig. 3. Pstciirometric Layout for Coil Selection Using Reheat 

(square foot of face area) but the actual effective load will be less by the amount of 
reheat required. Therefore, for a given load, a larger coil and more refrigerating 
capacity are required when reheat is used. 

LETTER SYMBOLS USED IN CHAPTER 7 

7j = fin efficiency. 

A external area of coil, square feet per (square foot of coil face area) (row 
of coil depth). 

tj i\ “ fdpl 

D = internal diameter of tube, inches. 

G = air mass velocity, pounds per (hour) (square foot of coil face area). 

= dry air mass velocity, pounds dry air per (hour) (square foot of coil face 
area). 

hi = enthalpy of air-vapor mixture entering coil, Btu per pound of dry air. 

/ij = enthalpy of air- vapor mixture leaving coil, Btu per pound of dry air. 

hi^ » film coefficient of heat transfer between air and external coil surface, 
Btu per (hour) (square foot external surface) (Fahrenheit degree mean 
temperature diflerence between air and coil). 
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ht » film coefficient of heat transfer between fluid and Internal coil surface, 
Btu per (hour) (square foot internal surface) (Fahrenheit degree mean 
temperature between fluid and surface). 

k « conductivity of pipe or tube material, Btu (square foot) (hour) (Fahren- 
heit degree per inch thickness). 

L * thickness of tube wall, inches. 

MTD = abbreviation-mean temperature difference between fluid in coil and air 
passing over coil, Fahrenheit degrees. 

Note: MTD — usually logarithmic mean. 

MTDa = logarithmic mean temperature difference between air and coil surface. 

N = number of rows of coil depth. 

n = a constant, exponent of G in Equation 8, obtained by plotting, on loga- 
rithmic coordinates, G against values of ha. The value of n is the slope 
of the line. 

= sensible heat transferred, Btu per (hour) (square foot of coil face area). 

f/t = total heat transferred by coil, Btu per (hour) (square foot of face area). 

H = ratio between external and internal surface of tube. 

i = average water temperature, Fahrenheit degrees. 

= dry-bulb temperature of air entering coil, Fahrenheit degrees. 

/2 = dry-bulb temperature of air leaving coil, Fahrenheit degrees. 

U = minimum dry-bulb temperature possible without dehumidification, 
Fahrenheit degrees. 

= dew-point of air entering coil, Fahrenheit degrees. 

Uui = dew-point of air leaving coil, Fahrenheit degrees. 

= average refrigerant temperature, Fahrenheit degrees. 

= average temperature of external surface of coil, Fahrenheit degrees. 

At “ fa fr* 

(f = over-all coefficient of heat transfer, Btu per (hour) (square foot of exter- 
nal coil surface) (Fahrenheit degrees temperature difference between 
fluid in coil and air flowing over coil). 

r = water vcdocity, feet per second. 

Z - Si constant for use in Equation 8 obtained by plotting on logarithmic 
coordinates G against values of ha. 

Note: Numerical subscripts refer to condition entering and leaving 
respectively. 
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CHAPTER 8 

AIR LEAKAGE 


Causes of Infiltration, Infiltration Due to Wind Pressure, Infiltration Through 
Walls, Window and Door Leakage, Crack Method, Air Change Method, 
Infiltration Due to Temperature Difference, Sealing of Vertical Openings 

T he air leakage which takes place through various apertures in buildings 
must be considered in heating and cooling calculations, and properly 
evaluated. This infiltration as it is sometimes designated takes place 
through cracks around doors and windows, through solid walls and through 
fireplaces and chimneys. Although the latter sources of leakage may be 
considerable, they are often neglected on the assumption that dampers 
would be closed during periods of extreme cold weather or else that the 
fireplace will be in use at such times and will therefore contribute to the 
heat supplied and lessen the heating load. 

CAUSES OF INFILTRATION 

The displacement of heated air in buildings by unheated outside air is 
due to two causes, namely, (1) the pressure exerted by the wind and (2) 
the difference in density of outside and inside air because of differences in 
temperature. The former is generally referred to as infiltration and the 
latter as stack or chimney effect 

In either case an exact estimate of the amount of infiltration under design 
conditions is difficult to make. The complicating factors include (1) 
variations in building construction particularly as to width of crack or size 
of openings through which air leakage takes place, (2) the variations in 
wind velocity and direction, (3) the exposure of the building Avith respect 
to air leakage openings and with respect to adjoining buildings, (4) the 
variations in outside temperatures Avhich influence the chimney effect, (5) 
the relative area and resistance of openings on the windward and leeward 
sides and on the lower floors and on the upper floors, and (G) the influence 
of a planned air supply and the related outlet vents. Tight construction 
is essential for preventing large heat loss due to infiltration. 

INFILTRATION DUE TO WIND PRESSURE 

The wind causes a pressure to be exerted on one or two sides of a building. 
As a result, air comes into the building on the windward side through cracks 
or porous construction, and a similar (piantity of air leaves on the leeward 
side through like openings. In general the resistance to air movement is 
similar on the windward to that on the leeward side. This causes a build- 
ing up of pressure within the building and a lesser air leakage than that 
experienced in single wall tests as determined in the laboratory. It is 
assumed that actual building leakages, owing to this building up of pressure, 
will be 80 per cent of laboratory test values. While there are cases where 
this is not true, tests in actual buildings substantiate the factor for the gen- 
eral case. Mechanical ventilating systems are frequently designed to 
produce positive or negative pressures in an enclosure which are greater or 
lower than prevalent wind pressures. In such designs, if the rate at which 
air is specified to be introduced to or removed from the enclosure by posi- 
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tive means exceeds the infiltration rate, it is common practice to use the 
greater value in determining the heating capacity to warm the outside air. 

Infiltration Through Walls 

Data on infiltration through brick and frame walls are given in Table 
The brick walls listed in this table are walls which show poor workman- 
ship and which are constructed of porous brick and lime mortar. For 
good workmanship, the leakage through hard brick vralls with cement- 
lime mortar does .not exceed one-third the values given. These tests 
indicate that plastering reduces the leakage by about 9G per cent ; a heavy 
coat of cold water paint, 50 per cent; and 3 coats of oil paint carefully 
applied, 28 per cent. The infiltration through walls ranges from 6 to 
25 per cent of that through windows and doors in a 10-story office building, 

Table 1. Infiltration Through Walls* 

Expressed in cubic feet per square foot per hour 


Type of Wall 

Wind Velocity, Miles per Hour 

5 1 

10 

1.5 

20 

2.5 

.30 

8H in. Brick WalP»..S Plain 

2 1 

4 

8 

12 

19 

23 

) Plastered^ 

0.02 

0.04 

0.07 

0.11 

0.16 

0.24 

('Plain 

1 

4 

7 

12 


21 

13 in. Brick VValU\_ < Plastered^^ 

0.01 

0.01 


0.04 

0.07 

0.10 

(Plastered^ 

0.03 

0.10 

0.21 

0.30 


0.72 

Frame Wall, with lath and plaster®.. 




0.18 

! 

0.23 

0.20 


• The values given in this table are 20 per cent less than test values to allow for building up of pressur . 
in rooms and are based on test data reported in the papers listed in chapter footnotes. 

^ Constructed of porous brick and lime mortar— workmanship poor. 

° Two coats prepared gypsum plaster on brick. 

“Furring, lath, and two coats prepared gypsum plaster on brick. , . 

® Wall construction : Bevel siding painted or cedar shingles, sheathing, building paper, wood lath and throe 
coats gypsum plaster. 


with imperfect sealing of plaster at the baseboards of the rooms. With 
perfect sealing the range is from 0.5 to 2.7 per cent or a practicallj'’ negli- 
gible quantity, which indicates the importance of good workmanship in 
proper sealing at the baseboard. It will be noted from Table 1 , that the 
infiltration through properly plastered walls can be neglected. 

The value of building paper when applied between sheathing and 
shingles is indicated by Fig. 1, which represents the effect on outside con- 
struction only, without lath and plaster. The effectiveness of plaster 
properly applied is no justification for the use of low grade building paper 
or of the poor construction of the wall containing it. Not only is it diffi- 
cult to secure and maintain the full effectiveness of the plaster but also it is 
highly desirable to have two points of high resistance to air flow with an 
air space between them. The infiltration indicated in Fig. 1 is that de- 
termined in the laboratory and should be multiplied by the factor 0.80 to 
give proper working values. 

Window and Door Leakage 

There are two methods of estimating air leakage through window and 
door cracks, namely, (1) the crack method and (2) the air change method. 
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The crack method is generally regarded as being more accurate than the 
purely arbitrary air change meth^, provided the variables such as crack 
width and clearance, can be properly evaluated. 

Crack Method 

The crack method is based on known air leakage factors for various 
types of windows and widths of crack and clearance. The wind velocity 
and length of crack are also considered when the crack method is employed. 
The amount of infiltration for various types of windows is given in Table 
2^. The fit of double-hung wood windows is determined by crack and 
clearance. Crack thickness is equivalent to one-half the difference be- 
tween the inside window frame dimension and the outside sash width. 
The difference between the width of the window frame guide and the 



Fig. 1. Infiltr\tion Through Various Types of Shingle Construction 


sash tliickness is considered as the clearance. The length of the perimeter 
opening or crack for a double-hung window is equal to three times the width 
plus two times the height, or in other words, it is the outer sash perimeter 
length plus the meeting rail length. All of the window crack in any given 
room is not necessarily used in estimating the infiltration heat loss by the 
crack method. The length of crack to be selected in any given case de- 
pends on the number of exposed sides as explained in Chapter 14. 

Values of leakage shown in Table 2 for the average double-hung wood 
window were determined by using, on nine windows tested in the labora- 
tory, the average measured crack and clearance of a large number of 
windows found in a field survey. In addition, the table gives figures for a 
poorly fitted window. All of the figures for double-hung wood windows are 
for the unlocked condition. Just how a window is closed, or fits when it is 
closed, has considerable influence on the leakage. The leakage will be high 
if the sash are short, if the meeting rail members are warped, or if the frame 
and sash are not fitted squarely to each other. It is possible to have a 
window with approximately the average crack and clearance that will have 
a leakage at least double that of the figures shown. Values for the average 
double-hung wood window in Table 2 are considered to be easily obtainable 
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Table 2. Infiltration Through Windows 
Expressed in Cubic Feet per Foot of Crack per Hour* 


Trra or Window 

Rxicarks 

Wind Vblocitt, Mixjdh pbb Houb 

5 

10 

15 1 

20 

25 

30 

Double-Hung 
Wood Sash 
Windows 
(Unlocked) 

Around frame in masonry wall^not ealkedk 

3 

8 

14 

20 

27 

35 

Around frame in masonry wall— calkeJb 

1 

2 

3 

n 

5 

6 

Around frame in wood frame consiructionb... 

2 

6 

11 

17 

23 

30 

Total for average window, non-wisither- 

striuped, crack and ^-in. ek'urunce.c 

Includes wood frame leakaged 

B 

21 

39 

59 

80 

104 

Ditto, weatherstrippedd 

B 


24 

36 

49 

63 

Total for poorly fitted window, non-weather- 

stripped, 9^in. crack and Hrio. clearance e 
Includes wood frame leakaged 

1 

27 

69 

111 

154 

199 

249 

Ditto, weatheratrippedd._ 

6 

19 

34 

51 

71 

92 

Double- Hung 
Metal 
Windows^ 

Non-wcathorstripped, locked 

Non-weatherstripped. unlocked... 

Weatherstripped. unlocked.. 

20 

20 

6 

4.5 

47 

19 


96 

104 

46 

125 

137 

60 

154 

170 

76 

Rolled 

Section 

Steel 

Sash 

Windowslt 

Industrial pivoted, Via-in. cracks 

Architectural projected, j^in. crackh 

Architectural projected, ^-io. crackh 

Residential casement, l^a-iu. cracki 

Residential casement, Hyin. crack' 

Heavy casement section, projected, 1^-in 

cracki 

Heavy casement section, projected I4~iu. 

52 

15 

20 

6 

14 

3 

8 

108 

36 

52 

18 

32 

10 

24 

M 

244 

86 

116 

47 

76 

26 

54 

304 

112 

152 

60 

100 

36 

72 

372 

139 

182 

74 

128 

48 

92 

Hollow Metal, vertically pivoted window^ 

30 

88 

145 

186 

221 

242 


ftThe values given in this table, with the exception of those for double-hung and hollow metal windows, 
are 20 per cent less than test values to allow for building up of pressure in rooms, and are based on test data 
reported in the papers listed in chapter footnotes. 

hThe values given for frame leakage are per foot of sash perimeter as determined for double-liung wood 
windows. Some of the frame leakage in masonry walls originates in the brick wall itself and cannot be 
prevented by calking. For the additional reason that calking is not done perfectly and deteriorates with 
time, it is considered advisable to choose the masonry frame leakage values for calked frames as the average 
determined by the calked and non-calked tests. 

cThe fit of the average double-hung wood window was determined as >6'in. crack and clearance by 
measurements on approximately GOO windows under heating season conditions. 

dThe values given are the totals for the window opening per foot of sash perimeter and include frame 
leakage and so-called elsnvhere leakage. The frame leakage values included are for wood frame construction 
but apply as well to masonry construction assuming a 50 per cent efficiency of frame calking. 

eA ^rin. crack and clearance represent a poorly fitted window, much poorer than average. 

fWindows tested in place in building. 

cindustrial pivoted window generally used in industrial buildings. Ventilators horizontally pivoted 
at center or slightly above, lower part swinging out. 

h Architecturally projected made of same sections as industrial pivoted except that outside framing member 
is heavier, and it has refinements in weathering and hardware. Used in semi-monumental buildings such as 
schools. Ventilators swing in or out and are balanced on side arms, l^-in crack is obtainable in the best 
practice of manufacture and installation, ki-in. crack considered to represent average practice. 

iOf same design and section shapes as so-callcd heavy section casement but of lighter weight. ji 4 -ln. crack 
is obtainable in the best practice of manufacture and installation, i^in. crack considered to represent average 
practice. 

iMade of heavy sections. Ventilators swing in or out and stay set at any degree of opening, ki-in. crack 
is obtainable in the best practice of manufacture and installation, i^in. crack considered to represent 
average practice. 

kWith reasonable care in installation, leakage at contacts where windows are attached to steel frame- 
work and at mullions is negligible. With ?i 4 -in. crack, representing poor installation, lealmge at contact 
with steel framework is about one-third, and at mullions a^ut one-sixth of that given for industrial pivoted 
windows in the table. 
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figures provided the workmanship on the window is good. Should it be 
known that the windows under consideration are poorly fitted, the larger 
leakage values should be used. Locking a window generally decreases its 
leakage, but in some cases may push the meeting rail members apart and 
increase the leakage. On windows with large clearances, locking will 
usually reduce the leakage. * 

Wood casement windows may be assumed to have the same unit leakage 
as for the average double-hung wood window when properly fitted. Lock- 
ing, a normal operation in the closing of this type of window, maintains the 
crack at a low value. 

For metal pivoted sash, the length of crack is the total perimeter of the 
movable or ventilating sections. Frame leakage on steel windows may be 
neglected when they are properly grouted with cement mortar into brick 
work or concrete. When they are not properly sealed, the linear feet of 

Table 3. Infiltration Through 72-Inch Revolving Door and 36-Inch Swing- 
ing Door*'** 

{Cubic Feet per Person per Passage) 

USAGE 


Infrequent 

Average 

Heavy 

36-Inch Swinging Door 100 

* These figures are based on the assumption that there is no wind pressure and that swinging doors are in 
use in one wall only. Any swinging doors in other walls should be kept closed to insure air conditioning i n 
accordance with these recommended standards. 

** From Application En^neering Standards for Air Conditioning for Comfort. Atr Conditionino dk Re- 
frigeraiing Machinery AeeodaHon^ /nc., Washington, D. C. Used by permission. 

sash section in contact with steel work at mullions should be figured at 26 
per cent of the values for industrial pivoted windows as given in Table 2. 

When storm sash are applied to well fitted windows, very little reduc- 
tion in infiltration is secured, but the application of the sash does give an 
air space which reduces the heat transmission and helps prevent the frost- 
ing of the windows^ By applying storm sash to poorly fitted windows, a 
reduction in leakage of ^ per cent may be obtained, the effect so far as air 
leakage is concerned being roughly equivalent to that obtained by the in- 
stallation of weatherstrips. 

Door Leakage 

Doors vary greatly in fit because of their large size and tendency to warp. 
For a well fitted door, the leakage values for a poorly fitted double-hung 
wood window may be used. If poorly fitted, twice this figure should be 
used. If weatherstripped, the values may be reduced one-half. A single 
door which is frequently opened, such as might be found in a store, should 
have a value applied which is three times that for a well fitted door. This 
extra allowance is for opening and closing losses and is kept from being 
greater by the fact that doors are not used as much in the coldest and windi- 
est weather. 

The infiltration rate through swinging and revolving doors is generally a 
matter of judgment by the engineer making cooling load determinations 
and in the absence of adequate research data the values given in Table 3 


FSESLY^KEVOLVINO DOOE 

DOOE EQUIPPED 
WITH BRAKE 

75 

60 

60 

50 

40 

40 
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represent current engineering practice. Some tests of infiltration through 
swinging and revolving doors have been reported.^ 

Air Change Method 

The amount of air leakage is sometimes roughly estimated by assuming 
a certain number of air changes per hour for each room, the number of 
changes assumed being dependent upon the type, use and location of the 
room, as indicated in Table 4. Where it is not possible to determine or 
pre-determine with accuracy the width of crack or clearance of windows, or 
where other sources of air leakage cannot readily be evaluated, as is often 
the case, the use of the air change method may be justified. 

The values in Table 4 may be used with reasonable accuracy for resi- 
dences and are the requirements for each room. The total infiltration 
allowance for the entire building should be one-half the sum of the infil- 
tration allowances of the individual rooms, since whatever air enters on the 
windward side generally leaves the building on the leeward side and the 
infiltration requirements therefore do not exist simultaneously on all 


Table 4. Air Changes Taking Place under Average Conditions Exclusive 
OP Air Provided for Ventilation* 


Kino of Room or Building 

Number of Air 
Changes taking 
Place per Hour 

Kind of Room or Building 

Number of Air 
Changes taking 
Place per Hour 

Rooms, 1 side exposed 

Rooms, 2 sides exposed 

Rooms, 3 sides exposed 

Rooms, 4 sides exposed 

1 

VA 

2 

2 

Rooms with no windows 

or outside doors. 

Entrance Halls 

Reception Halls 

2 to 3 

2 



Bath Rooms .... 

2 



Stores — 

1 to 3 


■For rooms with weatherstripped windows or storm sash, use H these values, where applicable. 


sides or in all rooms. An allowance of one air change per hour for all 
sources of air leakage for the entire volume may be considered average 
for a well constructed residence. 

The air leakage for vestibules due to opening and closing of doors is 
sometimes based on the air change method, even though the air leakage 
estimates for other rooms are based on the crack method. Except for 
vestibules and reception halls, it is not advisable to attempt to apply the 
air change method to factories and industrial and commercial buildings 
because of wide variations in the type and percentage of fenestration which 
is the principal source of air leakage in such buildings. 

INFILTRATION DUE TO TEMPERATURE DIFFERENCE 

The air exchange due to temperature difference, inside to outside, is a 
chimney effect, causing air to enter through openings at lower levels and 
to leave at higher levels*. Although it is not appreciable in low buildings, 
this loss should be considered in tall, single story buildings with openings 
near the ground level and near the ceiling. Also in tall, multi-story build- 
ings it may be a considerable item unless the sealing between various floors 
and rooms is quite perfect. 

In tall buildings, temperature difference or chimney effect will produce 
a head that will add to the effect of the wind at lower levels and subtract 
from it at higher levels. On the other hand, the wind velocity at lower 
levels may be somewhat abated by surrounding obstructions. Further- 
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more, the chimney effect is reduced in multi-story buildings by the partial 
isolation of floors, thereby preventing free upward movement, so that wind 
and temperature difference may seldom cooperate to the fullest extent. 
Making the rough assumption that the neutral zone^ is located at mid- 
height of a building, and that the temperature difference is 70 F, Equations 
1 and 2 may be used to determine all equivalent wind velocity to be used 
in connection with Tables 1 and 2 that will allow for both wind velocity 
and temperature difference: 

V, = Vv* - 17 ^ ( 1 ) 

F. = (2) 

where 

V 9 = equivalent wind velocity to be used in conjunction with Tables 1 and 2. 

T’ = wind velocity upon which infiltration would be determined if temperature 
difference were disregarded. 

a = distance of window's under consideration from mid>height of building if 
above mid-height, feet. 

h * distance if below mid-height, feet. 

The coefficient 1.75 allows for about one-half the temperature difference head. 

For buildings of unusual height, Equation 1 would indicate negative 
infiltration at the highest stories, which condition may, at times, actually 
exist. 

Sealing of Vertical Openings 

In tall, multi-story buildings, every effort should be made to seal off 
vertical openings such as stair-wells and elevator shafts from the remainder 
of the building. Stair-wells should be equipped with self-closing doors, 
and, in exceptionally high buildings, should be closed off into sections of 
not over 10 floors each. Plaster cracks should be filled. Elevator en- 
closures should be tight and solid doors should be used. 

If the sealing of the vertical openings is made effective, no allowance 
need be made for th(^ chimney effect. Instead, the greater wind move- 
ment at the greater heights makes it advisable to install additional heating 
surface on the upper floors above the level of neighboring buildings, this 
additional surface being increased as the height is increased. One arbi- 
trary rule is to in(!reasc the heating surface on floors above neighboring 
buildings by an amount ranging from 5 per cent to 20 per cent. This extra 
heating surface is reciuired only on the windward side and on windy days, 
and lumce automatic temperature control is especially desirable with such 
installations. 

In stair-wells that are open through many floor levels although closed 
off from the remainder of each floor by doors and partitions, the strati- 
fication of air makes it advisable to increase the amount of heating surface 
at the lower levels and to decrease the amount at higher levels. One rule 
is to calculates the heating surface of the entire stair-well in the usual way 
and to place 50 per cent of this in the bottom third, the normal amount 
in the middle third and the balance in the top third. 

Infiltration and Air for Combustion 

Infiltration in residences normally supplies the air required for combus- 
tion by fuel burning appliances, but in some residences weatherstripping, 
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sealing and caulking may reduce infiltration to the point that special open- 
ings must be provided to supply adequate air to the heating appliances. 
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CHAPTER 9 


NATURAL VENTILATION 

Wind Forces, Temperature Difference Forces, Heat Removal, Effect of Unequal 
Openings, Combined Wind and Temperature Forces, Types of Openings, 
Windows, Doors, Skylights, Roof Ventilators, Principles of Control, 

Stacks, General Rules, Dairy Barn Ventilation, Garage Ventilation 

V ENTILATION by natural forces finds application in industrial plants, 
public buildings, schools, dwellings, garages, and in farm buildings. 
The natural forces available for moving air into, through, and out of 
buildings are: (a) wind forces, and (6) the difference in temperature 
between the air inside and outside a building. The air movement may be 
caused by either of these forces acting alone or by a combination of the 
two, depending upon atmospheric conditions, building design and location. 
The ventilating results obtained will vary, from time to time, due to varia- 
tion in the velocity and direction of the wind and the temperature difference. 
The arrangement, location, and control of the ventilating openings should 
be such that the two forces act cooperatively rather than in opposition. 

WIND FORCES 

In considering the use of natural wind forces for producing ventilation, 
account must be taken of : (1) average wind velocity, (2) prevailing wind 
direction, (3) seasonal and daily variations in velocity and direction, and 
(4) local wind interference by nearby buildings, hills or other obstructions 
of similar nature. 

Values are given in Table 3, Chapter 15 for the average wind velocities 
for the months June to September in various localities throughout the 
United States, while Table 1, Chapter 14, lists similar values for the winter. 
In almost all localities the summer wind velocities are lower than those 
in the winter, and in about two-thirds of the localities the prevailing direc- 
tion is different during the summer and winter. While the tables give no 
average velocities below 5 mph, there will be times when the velocity is 
lower, even in localities where the seasonal average is considerably above 
5 mph. There arc relatively few places where the velocity falls below one- 
half of the average for many hours per month. Consequently, if the 
natural ventilating system is designed for wind velocities of one-half of 
the average seasonal velocity, it should prove satisfactory in almost 
every case. 

Equation 1 may be used for calculating the quantity of air forced through 
ventilation openings b}'^ the wind, or for determining the proper size of such 
openings to produce given results: 

Q^EAV (1) 

where 

Q « air flow, cubic feet per minute. 

A « free area of inlet openings, square feet. 

V wind velocity, feet per minute, » miles per hour X 88. 

E — effectiveness of openings. (E should be taken at 0.50 to 0.60 for perpendicu- 
lar winds and 0.25 to 0.35 for diagonal winds'.) 

m 
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The accuracy of the results, obtained by the use of Equation 1 depends 
upon the placing of the openings, as the formula assumes that ventilating 
openings have a flow coefficient slightly greater than that of a square- 
edged orifice. If the opening are not advantageously placed with respect 
to the wind, the flow per unit area of the openings will be less and, if un- 
usually well placed, the flow will be slightly more than that given by the 




Fig. 1. The Jump op Wind from Windward Face of Building. (A— Length of 
Suction Area; Point of Maximum Intensity of 
Suction; 6-— Point of Maximum Pressure) 

formula. Inlets should be placed to face directly into the prevailing wind, 
while outlets diould be placed in one of the five places listed : 

1. On the side of the building directly opposite the direction of the prevailing wind. 

2. On the roof in the low pressure area caused by the jump of the wind (see Fig. 1} . 

3. On the sides adjacent to the windward face where low pressure areas occur. 

4. In a monitor on the side opposite from the wind. 

5. In roof ventilators or stacks. 

TEMPERATURE DIFFERENCE FORCES^ 

The stack effect produced within a building when the outdoor tempera- 
ture is lower than the indoor temperature is due to the difference in weight 
of the warm column of air within the building and cooler air outside. The 
flow due to stack effect is proportional to the square root of the draft head, 
or approximately: 




( 2 ) 
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where 

Q >« air flow, cubic feet per minute. 

A free area of inlets or outlets (assumed equal), square feet. 
h B height from inlets to outlets, feet.^ 

i B average temperature of indoor air in height h, Fahrenheit degrees, 
to "■ temperature of outdoor air, Fahrenheit degrees. 

9.4 » constant of proportionality, including a value of 65 per cent for effectiveness 
of openings. This should be reduced to 50 per cent (constant » 7.2) if con- 
ditions are not favorable. 

HEAT REMOVAL 

In problems of heat removal, knowing the amount of heat to be removed 
and having selected a desirable temperature difference, the amount of 



Fig. 2. Incrsabe in Flow Caused by Excess of One Opening Over Another 

air to be passed through the building per minute to maintain this tempera- 
ture difference can be determined by means of Equation 3. 

H - 0.0175 Q {i- to) (S) 

H B heat removed, Btu per minute. 

Q B air flow, cubic feet per minute, 
t — to ■■ inside-outside temperature difference, Fahrenheit degrees. 

EFFECT OF UNEQUAL OPENINGS 

The largest flow per unit area of openings is obtained when inlets and 
outlets are equal, and the preceding equations are based on this condition. 
Increasing outlets over inlets, or vice-versa, will increase the air flow, but 
not in proportion to the added area. When solving problems having an 
unequal distribution of openings, use the smaller area, either inlet or out- 
let, in the equations and add the increase as determined from Fig. 2. 

COMBINED FORCES OF WIND AND TEMPERATURE 

Equations for determining the air flow due to temperature difference 
and wind have already been given. It must be remembered that when 
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both forces are acting together, even without interference, the resulting 
air flow is not equal to the sum of the two estimated quantities. The 
flow through any opening is proportional to the square root of the sum of 
the heads acting on that opening. 

When the two heads are about equal in value and the ventilating open- 
ings are operated so as to coordinate them, the total air flow through the 
building is about 10 per cent greater than that produced by either head 
acting independently under conditions ideal to it. This percentage de- 
creases rapidly as one head increases over the other and the larger will 
predominate. 

The wind velocity and direction, the outdoor temperature, or the indoor 
distribution, cannot be predicted with certainty, and refinement in calcu- 
lations is not justified; consequently, a simplified method can be used. 



Fio. 3. Determination of Flow Caused bt Combined Forces of Wind 
AND Temperature Difference 


This may be done by using the equations and calculating the flows produced 
by each force separately under conditions of openings best suited for co- 
ordination of the forces. Then, by determining, as a percentage, the ratio 
of the flow produced by temperature difference to the sum of the two flows, 
the actual flow due to the combined forces can be approximated from 
Fig. 3. 


Example 1, Assume a drop forge shop, 200 ft long, 100 ft wide, and 30 ft high. 
The cubical content is 600,000 cu ft, and the height of the air outlet over that of the 
inlet is 30 ft. Oil fuel of 18,000 Btu per pound is used in this shop at the rate of 15 
gal per hour (7.75 lb per gal) . Desired summer temperature difference is 10 deg and 
the prevailing wind is 8 mph perpendicular to the long dimension. ^ What is the neces- 
sary area for the inlets ana outlets, and what is the rate of air flow through the 
building? 


Solution for Temperature Difference Only. The heat H 
34,875 Btu per minute. 


15J< 7.7^X 18,000 
60 
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By Equation 3, the air flow required to remove this heat with an average temper- 
ature dinerence of 10 deg is : 


Q 


^ 

().bl75(/ - to) 


34,875 
0.0175 X 10 


199,286 cfm. 


This is equal to about 20 air changes per hour. From Equa1)ion 2 the inlet (or outlet) 
opening area should be: 


A 


Q ^ 199,286 

9.4\/fc(« - to) “ 9.4^30 X 10 


1224 sq ft. 


The flow per square foot of inlet or outlet would be 199,286 + 1224 = 163 cfm with all 
windows open. 

Solution for Wind Only, With 1,224 sq ft of inlet openings distributed around 
the sidewalls, there will be about 410 sq ft in each long side and 202 sq ft in each end. 
The outlet area will be equally distributed on the two sides of the monitor, or 612 sq 
ft on each side. With the wind perpendicular to the long side, there will be 410 sq 
ft of opening in its path for inflow and 612 in the lee side of the monitor for outflow 
with the windward side closed. The air flow, as calculated by Equation 1, will be: 

Q «= 0.60 X 410 X 704 « 173,200 cfm. 

This gives 17.3 air changes per hour, which should be more than ample when there 
is no heat to be removed. 

Solution to Combined Heads. Since the windward side of the monitor is closed 
when the wind is blowing, the flow due to temperature difference must be calculated 
for this condition, using Fig. 2. This chart shows that when inlets are twice the 
size of the outlets, in this case 1,224 sq ft in the sidewalls and 612 sq ft in the monitor, 
the flow will be increased 26.5 per cent over that produced by equal openings. Using 
the smaller opening and the flow per square foot obtained previously, the calculated 
amount for this condition will be : 

612 X 163 X 1.265 = 126,200 cfm. 

Adding the two computed flows: 

Temperature Difference «= 126,200 = 42 per cent. 

Wind = 173,200 ■= 58 per cent. 


Total 299,400 = 100 per cent. 

From Fig. 3, it is determined that when the flow, due to temperature difference, is 
42 per cent of the total, the actual flow, due to the combined forces, will be about 1.6 
times that calculated for temperature difference alone, or 201,920 cfm. 

The original flow, due to temperature difference alone, vras 199,286 cfm with all 
openings in use. The effect of the wind is to increase this to 201 ,920 cfm even though 
half of the outlets are closed. 

A factor of judgment is necessary in the location of the openings in a 
building, especially those in the roof, where heat, smoke and fumes are to 
be removed. Usually windward monitor openings should be closed, but if 
the wind is low enough for the temperature head to overcome it, all windows 
may be opened. 


TYPES OF OPENINGS 

Types of openings may be classified as: (1) windows, doors, monitor 
openings and skylights, (2) roof ventilators, (3) stacks connecting to 
registers, and (4) specially designed inlet or outlet openings. 

Windows, Doors and Skylights 

Windows have the advantage of transmitting light, as well as providing 
ventilating area when open. Their movable parts are arranged to open 
in various ways ; they may open by sliding either vertically or horizontally. 
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by tilting on horizontal pivots at or near the center, or by swinging on 
pivots at the top, bottom or side. Regardless of their design, the air 
flow per square foot of opening may be considered to be the same under 
the same conditions. The t3rpe of pivoting should receive consideration 
from the standpoint of weather protection, and certain types may be ad- 
vantageous in controlling the distribution of incoming air. Deflectors 
are sometimes used for the same purpose, and these devices should be con- 
sidered a part of the ventilation system. 

Roof Ventilators 

The function of a roof ventilator is to provide a storm and weather- 
proof air outlet. These are actuated by the same forces of wind and tem- 
perature head which create flow through other types of openings. The 
capacity of a ventilator depends upon four things: (1) its location on the 
roof, (2) the resistance it and the duct work offer to air flow, (3) the height 
of dr^t, and (4) the efficiency of the ventilator in utilizing the kinetic 
energy of the wind for inducing flow by centrifugal or ejector action. 

For maximum flow induction, a ventilator should be located on that 
part of the roof where it will receive the full wind without interference. 
If ventilators are installed within the suction region created by the wind 
passing over the building, or in a light court, or on a low building between 
two high buildings, their performance will be seriously influenced. Their 
normal ejector action, if any, may be completely lost. 

The base of the ventilator should be of a taper-cone design to produce 
the effect of a bell-mouth nozzle whose coefficient of flow is considerably 
higher than that of a square-entrance orifice. If a grille is provided at 
the base, or if the base or structural members present obstructions, addi- 
tional resistance is introduced, and the base opening should be increased 
in size accordingly. 

Air inlet openings located at lower levels in the building should be at 
least equal to, and preferably larger than, the combined throat areas of 
all roof ventilators. The air discharged by a roof ventilator depends on 
wind velocity and temperature difference, and, in general, its performance 
will be the same as any monitor opening located in the same place but, due 
to the four capacity factors already mentioned, no simple formula can be 
devised for expressing ventilator capacity. 

Roof ventilators may be classified as stationary, pivoting or oscillating, 
and rotating. Generally, these have a round throat, but the continuous- 
ridge ventilator would fall in the stationary classification. When selecting 
roof ventilators, some attention should be given to ruggedness of construc- 
tion, storm-proofing features, dampers and damper operating mechanisms, 
possibility of noise, original cost, and maintenance. 

Natural ventilation units may be used to supplement power-driven 
supply fans, and under favorable weather conditions it may be possible 
to stop the power-driven units. Units are not subject to code tests for 
ratings. Generally they must be selected from manufacturers’ tables. It 
is, therefore, very important to consider the reliability of the ratings used. 

Controls 

Gravity ventilators may have dampers controlled by hand, thermostat, 
or wind velocity, in combination with a fan. The thermostat station 
may be located anywhere in the building, or it may be located within 
the ventilator itself. The purpose of wind velocity control is to obtain 
a definite volume of exhaust regardless of the natural forces, the fan motor 
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being enei^zed when the natural exhaust capacity falls below a certain 
minimum, and again shut off when the wind velocity rises to the point 
where this minimum volume can be supplied by natural forces. 

Stacks 

* 

Stacks or vertical flues are really chimneys which function through the 
effects of the wind and temperature difference. Like the roof ventilator, 
the stack outlet should be located so that the wind may act upon it from 
any direction. With little or no wind, the chimney effect depends entirely 
on temperature difference to produce a removal of air from the rooms where 
the inlet openings are located. 

GENERAL RULES 

A few of the important considerations in addition to those already out- 
lined are: 

1. Inlet openings in the building should be well distributed, and should be located 
on the windward side near the bottom, while outlet openings are located on the lee- 
ward side near the top. Outside air will then be supplied to the zone to be ventilated. 

2. Inlet openings should not be obstructed by buildings, trees, sign boards, etc., 
outside nor by partitions inside. 

3. Greatest flow per square foot of total opening is obtained by using inlet and out- 
let openings of nearly equal areas. 

4. In the design of window ventilated buildings, where the direction of the wind is 
quite constant and dependable, the orientation of the building together with amount 
and grouping of ventilation openings can be readily arranged to take full advantage of 
the force of the wind. Where the wind’s direction is quite variable, the openings 
should be arranged in sidewalls and monitors so that, as far as possible, there will be 
approximately equal areas on all sides. Thus, no matter what the wind’s direction, 
there will always be some openings directly exposed to the pressure force and others 
to a suction force, and effective movement through the building will be assured. 

5. Direct short circuits between openings on two sides at a high level may clear the 
air at that level without producing any appreciable ventilation at the level of oc- 
cupancy. 

6. In order that temperature difference may produce a motive force, there must be 
vertical distance between openings. That is, if there are a number of openings avail- 
able in a building, but all are at the same level, there will be no motive head produced 
by temperature difference, no matter how great that difference might be. 

7. In order that the force of temperature difference may operate to maximum ad- 
vantage, the vertical distance between inlet and outlet openings should be as great as 
possible. Openings in the vicinity of the neutral zone are less effective for ven- 
tilation. 

8. In the use of monitors, windows on the windward side should usually be kept 
closed, since, if they are open, the inflow tendency of the wind counteracts the outflow 
tendency of temperature difference. Openings on the leeward side of the monitor 
result in cooperation of wind and temperature difference. 

9. In an industrial building where furnaces that give off heat and fumes are to be 
installed, it is better to locate them in the end of the building exposed to the prevail- 
ing wind. The strong suction effect of the wind at the roof near the windward end 
will then cooperate with temperature difference, to provide for the most active and 
satisfactory removal of the heat and gas-laden air. 

10. In case it is impossible to locate furnaces in the windward end, that part of the 
building in which they are to be located should be built higher than the rest, so that 
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the wind, in splashing therefrom, will create a suction. The additional height also 
increases the effect of temperature difference to cooperate with the wind. 

11. The intensity of suction or the vacuum produced by the jump of the wind is 
greatest just back of the building face. The area of suction does not vary with the 
wind velocity, but the flow due to suction is directly proportional to wind velocity. 

12. Openings much larger than the calculated areas are sometimes desirable, espe> 
daily when changes in occupancy are possible, or to provide for extremely hot days. 
In the former case, free openings should be located at the level of occupancy for psy- 
chological reasons. 

13. In single story industrial buildings, particularly those covering large areas, 
natural ventilation must be accomplished by^ taking air in and out of the roof open- 
ings. Openings in the pressure zones can be used for inflow and openings in the suc- 
tion zone, or openings in zones of less pressure, can be used for outflow. The ventila- 
tion is accomplished by the manipulation of openings to get air flow through the zones 
to be ventilated. 


DAIRY BARN VENTILATION* 

A successful barn ventilating system is one which continuously supplies 
the proper amount of air required by the stock, with proper distribution 
and without drafts, and one which removes the excessive heat, moisture, 
and odors, and maintains the air at a proper temperature, relative humidity, 
and degree of cleanliness. 

Bam temperatures below freezing and above 80 F affect milk production. 
Milk producing stock should be kept in a barn temperature between 45 and 
50 F. Dry stock, at reduced feeding, may be kept in a barn 5 to 10 deg 
higher. Calf bams are generally kept at 60 F, while hospital and mater- 
nity bams usually have a temperature of 60 F or somewhat higher. 

The heat produced by a cow of an average weight of 1000 lb may b(; 
taken as 3000 Btu per hr. The average rate of moisture p;*oduction by 
a cow giving 20 lb of milk per day is 16 lb of water per day, or 4375 grains 
per hr. To set a standard of permissible relative humidity for cow bams 
is difficult. For 45 F an average relative humidity of 80 per cent is satis- 
factory, with 85 per cent as a limit. 

Where the barn volume and construction permit adequate heating by 
the stabled animals, the air supply need not be heated. The air should be 
supplied through or near the ceiling. It is better to have the exhaust open- 
ings near the floor as larger volumes of w^arm air are then held in the barn 
and there is better temperature control with less likelihood of sudden 
change in bam temperature. 

If a cow weighs 1000 lb and produces 3000 Btu of heat per hr, and if a 
bam for the cow has 600 cu ft of air space with 130 sq ft of building ex- 
posure, one COW" wdll require 26(K) to 3550 cfh of ventilation, depending on 
the temperature zone in which the bam is located. The permissible heat 
losses through the structure, based on one cow and depending on the tem- 
perature zone, vary between 0.043 and 0.066 Btu per (hr) (cu ft of barn 
space), and 0.197 to 0.305 Btu per (hr) (sq ft of barn exposure). 

GARAGE VENTILATION 

Because of hazards resulting from carbon monoxide and other physi- 
ologically harmful or combustible gases or vapors in garages, the importance 
of proper ventilation of these buildings cannot be over-emphasized. Dur- 
ing the warm months of the year, garages are usually ventilated adequately 
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because the doors and windows are kept open. As cold weather sets in, 
more and more of the ventilation openings are closed and consequently on 
extremely cold days the carbon monoxide concentration runs high. 

Many garages can be satisfactorily ventilated by natural means, par- 
ticularly during the mild weather when doors and^ windows can be kept 
open. However, the A.S.H.V.E. Code of Minimum Requirements for 
Heating and Ventilating Garages, adopted in 1935, states that natural 
ventilation may be employed for the ventilation of storage sections where 
it is practical to maintain open windows or other openings at all times. 
The code specifies that such openings shall be distributed as uniformly as 
possible in at least two outside walls, and that the total area of such open- 
ings shall be equivalent to at least 5 per cent of the floor area. The code 
further states that where it is impracticable to operate such a system of 
natural ventilation, a mechanical system shall be used which shall provide 
for either the supply of 1 cu ft of air per minute from out-of-doors for each 
square foot of floor area, or for removing the same amount and discharging 
it to the outside as a means of flushing the garage^. 

Research 

Cooperative research on garage ventilation, undertaken by the A.S.H.V.E. 
Committee on Research at Washington University, St. Louis, Mo., and at 
the University of Kansas, Lawrence, Kans., and tests conducted at the 
A.S.H.V.E. Research Laboratory, have resulted in authoritative papers 
on the subject. 

Some of the conclusions from work at the Laboratory are listed in the 
following statements: 

1. Upward ventilation results in a lower concentration of carbon monoxide at the 
breathing line and a lower temperature above the breathing line than does downward 
ventilation, for the same rate of carbon monoxide production, air change and the same 
temperature at the 30-in. level. 

2. A lower rate of air change and a smaller heating load are required with upward 
than with downward ventilation. 

3. In the average case upward ventilation results in a lower concentration of car- 
bon monoxide in the occupied portion of a garage than that obtained with mixing of 
the exhaust gases and the air supplied. However, the variations in concentration 
from point to point, together with the possible failure of the advantages of upward 
ventilation to accrue, suggest the basing of garage ventilation on complete mixing and 
an air change sufficient to dilute the exhaust gases to the allowable concentration of 
carbon monoxide. 

4. The rate of carbon monoxide production by an idling car is shown to vary from 
25 to 50 cfh with an average rate of 35 cfh. 

5. An air change of 350,000 cfh per idling car is required to keep the carbon mon- 
oxide concentration down to one part in 10,000 parts of air. 
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CHAPTER 10 

AIR CONTAMINANTS 


Classification of Air Contaminants; Sizes of Airborne Particles; Air Pollution by 
Smoke, Ash and Cinders; Smoke Abatement; Odor Nuisance; Maximum 
Allowable Concentrations of Industrial Air Contaminants; Flammable 
Gases and Vapors; Combustible Dusts; Atmospheric Pollen; Air- 
borne Bacteria 


T he normal constituents of the earth’s atmosphere are oxygen, nitro- 
gen, carbon dioxide, water vapor, argon, sm^l or negligible amounts 
of other inert gases, hydrogen, variable traces of ozone, and small quanti- 
ties of microscopic and submicroscopic solid matter, sometimes called 
permanent atmospheric impurities. From the viewpoint of the air condi- 
tioning engineer, all other airborne substances may be termed contaminants. 
This term is applied preferably, however, to undesirable or chance im- 
purities, since the occasion may arise for adding to the air controlled 
amounts of solid or gaseous diluents for the prevention of explosions; 
germicidal vapors or mists (aerosols) for bacteria control; masking sub- 
stances for odor control ; or a substitute for one of the normal gases, as, 
for example, when helium is used to replace nitrogen in atmospheres for 
compressed air w^orkers or divers. 

Control of the chemical quality of air is one of the functions of complete 
air conditioning, and some knowledge of the composition, concentration 
and properties of air contaminants under various circumstances is therefore 
essential. 

Air contaminants arise from the normal processes of wear, erosion* 
windstorm, sea-spray evaporation, thermal disintegration, earthquake* 
volcanic eruption, combustion, manufacturing, transportation, agricul- 
ture, and the biochemical or biological processes of life. They are classi- 
fied at various times as organic and inorganic, visible* or invisible, micro- 
scopic or macroscopic, particulate or gaseous, toxic or harmless, beneficial 
or destructive, llie following classification is based chiefly upon the 
origin or method of formation of air contaminants. 

CLASSIFICATION OF AIR CONTAMINANTS 

Dusts, Fumes, and Smokes are solid particulate air contaminants. 

Dusts are solid particles projected into the air by natural forces, such as wind* 
volcanic eruption or earthquake, and by mechanical processes, such as crushing, 
grinding, milling, drilling, demolition, shovelling, conveying, screening, bagging and 
sweeping. Some of these forces produce dust from larger masses, while others simply 
disperse materials that are already pulverized. Generally, particles are not called 
dust unless they arc smaller than about 100 microns. Dusts may be of mineral type, 
such as rock, ore, metal, sand: vegetable, such as grain, flour, wood, cotton, pollen; or 
animal, such as wool, hair, silk, feathers, leather. 

Fumes are solid particles commonly formed by the condensation of vapors from 
normally solid materials such as molten metals. Metallic fumes generally occur as 
the oxides in air because of the highly reactive nature of finely divided matter. 
Fumes may also be formed by sublimation, distillation, calcination, or chemical 
reaction, whenever such processes create airborne particles predominately below the 
1 micron size. Fumes permitted to a^e tend to fiocculate into clumps or aggregates 
of larger size, thereby facilitating removal from air. 

Smokes are the extremely small solid particles produced by incomplete combustion 
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of organic substances such as tobacco, wood, coal, oil, tar and other carbonaceous 
materials. The term smoke is commonly applied to the mixture of solid, liquid and 
gaseous products of combustion, although the technical literature prefers to distin- 
guish between such components as soot or carbon particles, %-ash, cinders, tarry 
matter, unburned gases, and gaseous combustion products. The finest particulate 
constituents are much less than 1 micron in size, often in the range of 0.1 to 0.3 mi- 
cron. 

Mists and Fogs are liquid particulate air contaminants. 

Mists are very small airborne droplets of materials that are ordinarily liquid at 
normal temperatures and pressures. They may be formed by atomizing, spraying, 
splashing, mixing, violent chemical reaction, electrolytic evolution of gas from a 
liquid, or escape of a dissolved gas upon release of pressure. Very small droplets 
expelled or atomized into the air by sneezing constitute mists containing microorgan- 
isms that become air contaminants. 

Foas are limited by some classifications to airborne droplets formed by condensa- 
tion from the vapor state. This arbitrary distinction between mist and fog is of 
minor importance, as both terms are used to indicate the particulate state of airborne 
liquids (occasionally termed aerosols). Fog nozzles are so named because of their 
ability to produce extra fine droplets as compared to the mist from ordinary spray 
devices. The highly volatile nature of some liquids quickly reduces their airborne 
droplets from the mist to the fog range, and eventually to the vapor phase until the 
air becomes saturated with that liquid. Many droplets in fogs or clouds are micro- 
scopic and submicroscopic in size, and may be conceived as the transition state 
between the larger mists and the vapors. 

Vapors and Gases are non-particulate air contaminants. 

Vapors are the gaseous phase of substances that are either liquid or solid in their 
commonly known state, examples being gasoline, kerosene, benzene, carbon tetra- 
chloride, mercury, iodine, camphor. Vapors may be changed to the solid or liquid 
form by increasing the pressure, decreasing the temperature or applying both proc- 
esses simultaneously. They are removed from the air by condensation with less 
difficulty than are the gases. 

Gases are normally formless fluids which tend to occupy a space or enclosure com- 
pletely and uniformly at ordinary temperatures and pressures. The following sub- 
stances qualify as gases: oxygen, nitrogen, carbon dioxide, carbon monoxide, hydro- 
gen, ammonia, sulfur dioxide. Gases, likewise, may be solidified or liquefied by the 
proper control of temperature and pressure. 

The preceding classification is not suitable for the airborne living or- 
ganisms, which range in size from the submicroscopic viruses to the largest 
pollen grains, not considering the smallest insect life. Bacteria range from 
about 0.2 to 5 microns in size, fungus spores from 1 to 10 microns, and pollen 
from 5 to 150 microns. 

SIZES OF AIRBORNE PARTICLES 

Fig. 1 is a graphic tabulation of the properties of airborne solids and 
liquids arranged according to size on the micron scale. There are 25,400 
microns in 1 inch. 

Particles larger than 10 microns are unlikely to remain suspended in 
air currents of moderate strength, but settle out by gravity at speeds 
dependent upon the shape, size and specific gravity of the particle, wind 
velocity, orientation of the collecting surface, and topography. These 
larger particles are of major interest to the engineer in the solution of nui- 
sance problems, but it is usually the smaller particles, or those below 10 
microns, that remain in the air long enough to be of hygienic as well as 
economic significance. 

Industrial dust particles are predominantly of the order of 1 micron 
in size. Tremendous numbers are also present in the sub-microscopic 
range below 0.6 micron, but those below 0.1 micron are not believed at 
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present to be of practical importance, possibly due to their exceedingly 
small mass in comparison with the balance of airborne matter. In fact, 
particles this small may become the permanent atmospheric impurities that 
have little if any opportunity of settling because of the continual motion 
imparted to them by air currents aiyi the molecular activity of gases 
(Brownian Movement). 



LAWS OF SETTLING 
IN RELATION TO 
PARTICLE SIZE 

(limes op deharcation appro«.) 


PARTICLES FALL WITH 
INCREASINO VELOCITY 


C-Vtiocity cm /so 

-VtlocUy ft /min. 

d *01001 of par- 
ticle in cm. 

D'Diam. of por- 
ticle'in Hiaons 

r ■Radios of par- 
ticle in cm. 

9*981 cm /aec.*^ 
occeleration 

S|* Density of 
particle 

Sf^aDcnsity of Air 
(Very SmoH 
relative to 5,) 

17 ■Viscosity of 
air tn poises 
•) 814x10"’ for 
oir ot 70* F. 

X- 10"* cm. 
(Mean free 
path of 90s 
molecules } 


PARTICLES MOVE LIKE 
GAS MOLECULES 

8R0WNIAN ^mohmmtimet^ 
-lOVEMENT niolionm timet 

R*Gos conslont 
- 6.S16 X 10’ 




T • Absolute 
Temperature 

N* Number of Gosi 
molecules in 
one mol-W)6xlO** 


Compiled by W. G. Frank and Copyrighted, used by permission. 

Fio. 1. Sizes and Characteristics op Airborne Particulate Ma^pter 

The survey^ of atmospheric pollution in 14 American cities conducted 
from 1931 to 1933 indicated the average size of outdoor dust particles 
to be 0.5 micron, as collected by the Owens jet dust counter and measured 
under the microscope. Inability of the light field microscope to reveal 
particles in the 0.1 micron vicinity may have influenced the determination 
of average particle size. 
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Tablb 1. Relation of Scbben Mesh to Particle Size 


U. S. Standard Sieve Mesh. . . 

400 

325 

200 

140 

100 

60 

35 

‘ 18 

Nominal Sieve Opening in 
Microns 

37 

44 

74 

105 

149 

250 

500 

1000 


The lower limit of particle size visible to the naked eye cannot be stated 
definitely. It depends not only upon the individual eye, but also upon the 
shape and color of the particle, intensity and quality of the light, and na- 
ture of the background or opportunity for contrast. Under ideal condi- 
tions a particle of 10-micron size might be recognized, while under less 
favorable conditions it may be impossible to distinguish a particle smaller 
than 60 microns. The lower limit of visibility probably ranges from 10 to 
50 microns. 

Dusts, powders and granular materials are frequently classified by 
reference to the size of screens used for separation. Particles above 40 
microns are said to be the screen sizes and those below, the sub-screen or 
microscopic sizes. Approximate or theoretical sizes of particles correspond- 
ing to the mesh scale of the U. S. Standard Sieve Series are given in Table 1. 

Microscopic examination of screened dust indicates that the average 
diameter of a sample of irregular particles may be substantially larger 
than the openings of the screen through which it has passed, if the particle 
shapes deviate considerably from the spherical form®. The smallest 
dimension of many such particles will correspond with the maximum per- 
missible distance between the wires of commercial screens made to ASTM 
Standard specifications. Screening does not give shaip separation into 
size groups, and accordingly such a classification is statistical rather than 
absolute. 

AIR POLLUTION BY SMOKE, ASH AND CINDERS 

Total airborne solids settling in urban areas are usually reported as soot 
fall in tons per (square mile) (month). Such data published for the cities 
in this coimtry range from 20 to 200 tons per (square mile) (month). To 
the air conditioning engineer this information may indicate the effective- 
ness of smoke abatement or fuel combustion control methods in his local- 
ity, but it does not provide a suitable index of the suspended dust that air 
cleaners in a ventilating system are expected to capture®* ®. Gravi- 
metric or weight data of the type given in Table 2 are preferable. In 
some cases airborne particle counts may be necessary, as for pollen, bac- 
teria, spores, and insoluble dusts causing illness or lung disease. 

Dust concentrations by weight cannot be converted readily to concen- 
trations by particle count because of the variability of particle size, shape 


Table 2. Dust Concentration Ranges 


Location 

GaAZNS PEK 1000 
CuFt« 

Mxluokami PSl 
Cubic Metee 

Rural and suburban districts 

0.02-0.2 

0.04r0.4 

0.1 -2.0 

0.2 -4.0 

4-400 

4000-200,000 

0.05- 0.5 

0.1 - 1.0 

0.2 - 5.0 

0.5 -10 
10-1000 

10,000-600,000 

Metropolitan district 

Industrial districts 

Ordinary factories or workrooms 

Excessively dusty factories or mines 

Minimum explosive concentrations 



* 1 grain par 1000 ou ft ■■ 2.3 milUgnxna par oubie matar. 
t OB par aublo foot « 1 gram par utar • 1000 grama par oubia matar. 
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and specific gravity, and the inherent characteristics of dust counting and 
weighing procedures. One milli^am of dust per cubic meter of air may 
represent dust counts from I million to 100 million particles per cubic foot 
of air (lightfield microscope technic) according to the size distribution of 
the airborne dust sample. Information of this type for a specified applica- 
tion is best obtained by simultaneous sampling fof both counting and 
weighing and noting carefully at the time all factors that might affect the 
reproducibility of the count-weight ratio. 

Smoke Abatement 

Successful abatement of atmospheric pollution caused by smoke requires 
the combined efforts of the combustion engineer, industrial executive, 
public health officer, city planning commission and the community at 
large. Electrification of industry and railroads, increases in the use of 
domestic oil and gas furnaces, and segregation of industrial districts is 
gradually providing effective aid in the solution of this problem. In the 
large cities where nuisance from smoke, fly-ash and cinders is more serious, 
limited areas obtain some relief by the use of district heating. (See Chap- 
ters 16, 17 and 18 for further discussion on fuel burning technic.) 

Legislative measures at the present time are largely concerned with re- 
duction of the visible smoke discharged from chimneys. Practically all 
ordinances limit the number of minutes in any one hour that smoke of a 
specified density may be discharged, as measured by comparison with a 
Ringelmann Chart (Chapter 11, Instruments and Measurements). Ordi- 
nances generally do not make specific provision for control of the corrosive 
and irritant gases, such as oxides of sulphur and nitrogen discharged with 
the gases of combustion. Where high sulfur coals are burned, sulfur gases 
present a serious hazard to property, vegetation, and, in some cases, to 
health and comfort. 

In foggy weather the accumulation of these gases in the lower strata 
of the atmosphere may cause irritation of the eyes, nose and respiratory 
passages, and possibly even more dangerous consequences. The Meuse 
\"alley fog disaster (Belgium 1930) is a classic example in the history of 
gaseous air pollution. It is believed that sulfur dioxide, sulfur trioxide 
and other toxic gases released in a rare combination of atmospheric calm 
and dense fog were responsible for the 03 human deaths, the illness of several 
hundred persons, and also the death of many domestic and wild animals. 

Absorption of Solar Radiation 

Absorption of solar ultraviolet light by smoke and soot is recognized as 
a health problem in many industrial cities. Measurements of solar radia- 
tion in Baltimore® by actinic methods demonstrated that ultraviolet light 
intensity in the country was 50 per cent greater than in the city. In New 
York City^ a loss as great as 50 per cent in visible light was foxmd by photo- 
electric measurements. 


ODOR NUISANCE 

A problem companionate with smoke abatement is the control of odor 
nuisance in the neighborhood of industrial plants discharging noxious or 
offensive air contaminants. Community planning and zoning will avoid 
much of the difficulty in the future, but meanwhile many industrial cities 
must resort to corrective measures by requiring installation of air cleaning 
devices, the alteration of manufacturing processes, or termination of the 
offensive operation in residential or commercial districts. 
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3. Pbtholooical Rbbponbb to Gabbb and Vafobb* 

Concentrations in Farts of Substance per Million Parts of Air by Volume (ppm) 


Substance 

Rapidly Fatal 

Dangerous to Life 
IN H TO 1 Hr 

Maximum Allow- 
able Concentration 
FOR Daily Exposures 

Acrolein 

2,000 

100 

0.6 


5,000 

2,500 

100 

Amvl 



200 



266 

5 


250 

10 

0.05 

Benzene (benzol) 

20,000 


lOOb 

Bromine. 

500 


1 

Butyl acetate * 



200 

Carbon dioxide. 

160,000 


5,000 

Carbon disulfide 

2,000 


20‘» 

Carbon monoxide. 


1.000 

lOOb 

Carbon tetrachloride 



50 

Chlorine. 


10 

1 

Dichlorobenzene 



50 

Dichloroethyl ether 

.............. 

500 

15 

Ether (diethyl) 


35,000 

400 

Ethyl acetate 

40,000 

lOiOOO 

400 

Ethyl alcohol...^ 



1,000 

Ethylene dichloride 


4,000 

100 

Formaldehyde. 



lOb 

Gasoline. 



500 





Hydrogen chloride 

1,000 


10 

Hydrogen cyanide 

'200 

100 

20 

Hydrogen fluoride 


50 

3 

Hydrc^en sulfide 

Methyl ncetnte 

600 

200 

20»> 

200 

Methyl alcohol (Methanol) 



200l> 

Methyl bromide 


2,000 

20 

Methyl chloride 


20,000 

100 

Methylene rhloride 



500 

Monochlorohcnzene 



75 

Nitrobenzene 



1 





Nitrogen oxides 

300 

100 

25*' 

Ijii hi 

50 

5 

1 


1,000 

400 

0.05 

Styrene _ 



400 >> 

Sulfur dioxide. 

400 

160 

10 

T^trnchlnroethnn^ 

7,000 


5 

T ^tra rh loroet hy lene. 


100 

Toluene (toluof) 

20,000 


200 

T richloroethylene 



200b 

Turpentine . _ 



100 

Xylene (xylol) 



200l> 


jaeoM (Xntetseienoe Fablisneta, IWl); Noxious Uaass, by He 
Co., N. Y.. 1948). Report of the Committee on Tiueshoid Lii 
mental Industrie Hygienists; and other authoritative sources. 

* Adopted by the Amerieon Standards Association (American Standard Z-37)] 


W. M. Gafafer et al, U. S. Public Health Service 
ndustrial Poisons, Hasards and Solvents, bv M. B. 
by Henderson and Haip^rd (Reinhold Publishing 
Limits of the American Conference of Govern- 
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Control of outdoor odor nuisance is especially troublesome because of 
the extremely minute quantities of contaminant that are capable of offend- 
ing though a wide area. New industrial chemicals with strange or un- 
familiar odors tend to receive more attention from the neighborhood than 
the customary odors generated by well-known processes and raw materials. 
Methods of odor control currently in use include** charcoal adsorption, 
scrubbing towers and air washers, chlorination, condensation, masking, 
passage of the odorous air through combustion chambers, and best of all, 
substitution of less offensive materials whenever possible* » 

Control of air quality within buildings ventilated for human occupancy 
is discussed in Chapter 12. Tobacco smoke odors, cooking odors and 

Table 4. Maximum Allowable Concentrations op Dusts, Fumes and Mists* 


Substance 


x»x«i.&.iv*fuija9 raix 

Meter. Daily Exposures^ 


Antimony 

Arsenic; arsenic trioxide 

Cadmium, and compounds.. 

Chlorodiphenyls 

Chromic acid mist and Chromates (as CrOa) 

Fluorides 

Lead; lead carbonate; lead chloride; lead nitrate; lead 

oxides; lead sulfate 

Manganese, and compounds 

Mercury, and compounds 

Pentachloronaphthalene 

Selenium 

Tellurium 

Trichloronaphthalene 

rrinitrotoluene 

Zinc oxide fume 


0.1 

0.15C 

O.ic 

1.0 

0.1 

2.5 

0.15C 

6.0C 

0.1 

0.5 

0.1 

0.1 

5.0 

1.5 
15.0 


* RecommendationB of state and local industrial hygiene agencies and other authoritative sources. 

* 1 milligram per cubic meter » 0.44 grain per 1000 cu ft. 

* Adopted by the American Standards Association (Amm'ican Standard Z<37). 


body odors are air contaminants of the nuisance type which now command 
a decisive position in the standards of air quality for indoor comfort. 
However, the engineer will find, at times, that odors originating outside 
buildings in industrial or business districts may determine the kind and 
capacity of equipment he must provide for a high quality air supply instal- 
lation. 


INDUSTRIAL AIR CONTAMINANTS 

Many industrial processes are sources of contaminants. Their control 
is an important function of the ventilating or air conditioning engineer, 
because the atmosphere within buildings is the medium whereby such 
finely divided matter is dispersed and transported from the source to 
remote locations where it may cause property damage, nuisance, fire, ex- 
plosion, disease and even death. 

Tables 3, 4 and 5 give the maximum allowable concentrations for in- 
dustrial air contaminants as currently accepted in most sections of the 
country. They apply to exposures of 8 hours per day^ and refer to the 
quantities of contaminant permissible in the workers^ breaching zone. 
Some of these figures may be altered as the result of continuous research, 
and some may differ from those in force in a few cities or states. The 
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prudent engineer will design equipment using these values as the upper 
limits of air contamination, and will incorporate a reasonable margin of 
safety in his estimates of ventilation capacity. 

Information on the properties and effects, with respect to health, of 
specific industrial air contaminants is available in publications listed at the 
end of this chapter. 


Table 5. Maximum Allowable Concbntrationb of Dubti* 


Substance 

Million Particles per 
Cubic Foot of Air, 
Daily Exposures^* 

Aluminum oxide abrasive . . 

16-100 

Afihefifns 

5 

Carborundum (silicon carbide) 

15-100 

Cement (Portland) 

50-100 

Coal (less than per rent quartz) 

50-100 


Dusts containing less than 10 per cent free silica.. 

10-100 

Cranitp 

10- 25 

Gypsum (hydrated calcium sulfate) 

50-100 

l/imestone (calcium carbonate)..,.. ... 

60-100 

Marble (calcium carbonate) 

50-100 


Aiica . . _ . . _ 

10-100 

Nuisance dusts (non-toxic, non-silica) 

50-100 

Quartz (silicon dioxide)... 

5 

^nd (silica, silicon dioxide) - 

5 

Sandstone 

5 



Silica (free or uncombined silicon dioxide) 

5 

Silicates (combined silicon dioxide) 

15-100 

Slate 

16-100 

Talc 

10- 60 

Total (maximum concentration for mixed dusts) 

50-100 



* RecommendationB of state and local industrial hygiene agencies compiled by the American Conference 
of Governmental Industrial Hygienists; and other authoritative sources. 

^ Includes only particles from 1 to 10 microns approximately, as determined by the light field microscope 
counting technic, using the 10X objective. Dark field counts (and the correeponding allowable concen- 
trations) are anywhere from 2 to 100 times the light field counts for the same sample, according to the pro- 
portion of dust smaller than 1 micron (See Industrial Dust, Chapter VII, by Drinker and Hatch, MoGrraw 
Hill Book Co.). 


FLAMMABLE GASES AND VAPORS 

Adequate ventilation is a primary requirement for minimizing the hazard 
of fire or explosion due to gases and vapors. The need for good ventila- 
tion is not removed by the use of other precautions, such as the elimina- 
tion of known i^ition sources, segregation of hazardous operations, adop- 
tion of safe building construction, and installation of automatic alarms. 
Some safety engineers regard overventilation of an operation employing 
flammable liquids as a legitimate operating charge for the privilege or 
necessity of using a dangerous process. However, it is not possible to 
apply a reasonable safety factor to the ventilation estimate without con- 
sideration of the concentrations of gases or vapors that approach the danger 
point. Safety engineers prefer to limit the concentration to J or I of the 
lower explosive limit, and this fact should be given full weight in determin- 
ing the capacity and design of ventilating equipment. Rarely should 
consideration be given to operation above ^ upper explosive limit in the 
open areas of bufl^gs or rooms — even though unoccupied — ^because the 
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danger of temporary drop of gas concentration to a point within the ex- 
plosive range is too great. 

Ability of a flammable liquid to form explosive mixtures is determined 
largely by its vapor pressure, volatility, or rate of evaporation. Flmh 
point is a convenient method of expressing this property in terms of the 
temperature scale. It may be defined*as the temperature to which a com- 
bustible liquid must be heated to produce a flash when a small flame is 
passed across the surface of the liquid. The higher the flash point, the 
more safely can the liquid be handled. Liquids with flash points under 
70 F should be regarded as highly flammable. 

Upper and lower limits of flammability of gases and vapors, and the flash 
points of the corresponding liquids are given in Table 6. 

Methods for estimating the fliammable limits of mixtures of gases or 
vapors must be applied with caution ; the reader is referred to other publi- 
cations for this Mormation^^* 

Design of equipment for the control of combustible anesthetics is out- 
lined in Chapter 13. Construction of equipment for handling air contain- 
ing flammable substances, or operating in atmospheres so contaminated, 
is discussed in Chapter 46. 

It is customary to report the concentrations of flammable gases or vapors 
in per cent by volume, or volume per cent. Comparison with concentra- 
tions on the part per million scale used in chemical, medical or industrial 
hygiene literature is readily made by the conversion : 1 per cent = 10,000 
ppm (parts of contaminant per million parts of air, by volume, or in other 
words, cubic feet of contaminant per million cubic feet of air). It will be 
noted in Table 6 that nearly all of the substances listed have lower explosive 
limits above 1.0 per cent, while the maximum allowable concentrations for 
gases and vapors in Table 3 are below 1000 ppm or 0.1 per cent in most 
cases. Therefore, control of toxic or injurious vapors to levels below their 
maximum allowable concentrations for health usually requires much more 
effective ventilation than for the prevention of a fire hazard. 

COMBUSTIBLE DUSTS 

A dust explosion is essentially a sudden pressure rise caused by the very 
rapid burning of airborne dust. The primary explosion often originates 
from a small amount of dust in suspension exposed to a source of ignition, 
and the pressure and vibration it creates may be sufficient to dislodge 
large accumulations of dust on horizontal ledges or surfaces of the building 
and equipment, thereby creating a secondary explosion of great force. 
Thus the air conditioning engineer is involved for two reasons: (1) to 
obtain a movement of dust-laden air into exhaust hoods or openings and 
through ventilating or pneumatic conveying ducts in a manner that will 
prevent accumulation of highly flammable dust at points where it could 
ignite inside the equipment; and (2) to so design process ventilation as to 
prevent the escape of dust which might settle on horizontal surfaces and 
become a potential source of disaster at some distance from the dusty opera- 
tion. (See Chapter 46). 

Intensity of a dust explosion depends upon: chemical and thermal 
properties of the dust ; particle size and shape ; concentration in air ; propor- 
tion of inert dust in the air; moisture content and composition of the air; 
size and temperature of the ignition source j and degree of dispersion of the 
dust cloud. Investigations on the explosibility of dusts require determina- 
tion of the maximum pressure developed during explosion of a known air 
concentration, as well as determination of the rate of pressure rise. In- 
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Table 6. Approximate Limits of Flammability op Single Gases and Vapors 
In Air at Ordinary Temperatures and Pressures* 


Lower Lbcit Upper Limit Closed Cup 

Gas or Vapor Per cent by Per cent by Flash Point 

VoLiniE Volume F Deco i 


Acetaldehyde. 4.0 57 —17 


Acetone 2.1 13.0 


Acetylene^. 2.5 


........ 

Allyl alcohol 2.4 70 


Ammonia 16.0 27.0 


Amyl alcohol 1.2 91 


Amyl chloride 
Amylene ... 


Benzene (benzol) 1.4 8.0 12 

Benzyl chloride 1.1 140 


Butane. 1.6 8.5 —76 

Butyl acetate 1 .7 15.0 72 


Butyl alcohol 1.7 84 

Butylene 1.7 9.0 


Carbon disulfide. 1.0 50 —22 


Carbon monoxide. 12.5 74 

Crotonaldehyde 2.1 15.5 55 

Cyclohexane 1.3 8.4 1 

Cyclopropane 2.4 10.3 


Decane. 0.67 2.6 115 


Diethyl sclenide. 


Dioxan 2.0 22.2 65 


Ethane. 3.1 15.0 


........ 

Ether (diethyl) 1.7 48.0 -20 


Ethyl acetate 2.2 11.5 24 

Ethyl alcohol 3.3 19.0 55 

Ethyl bromide 6.7 11.3 

Ethyl cellosolve 2.6 15.7 104 

Ethyl chloride. 3.6 14.8 —58 


Ethylene 3.0 34.0 

Ethylene dichloride 6.2 15.9 56 

Ethyl formate.— 2.7 16.5 —4 

Ethyl nitrite 3.0 —31 


Ethylene oxide 3.0 80 


Furfural (125 C) 2.1 140 

Gasoline. 1.3 6.5 —50 

Heptane. 1.0 6.0 25 

Hexane. 1.2 6.9 -7 

Hydrogen cyanide 5.6 40.0 0 


Hydrogen 4.1 74 

Hydrogen sulfide 4.3 45.5 

Illuminating gas.. 5.3 31.0 

Iso-butyl alcohol.. 1.7 82 

Iso-pentane 1.3 


Iso-propyl acetate 1.8 7.8 43 

Iso-propyl alcohol 2.5 53 

Methane^. 5.0 15.0 


* Adapted from: Limite of Inflammability of Gaaee and Vapors, by H. F. Coward and G. W. Jones (U. B. 
Bureau <n Mines, Bulletin No. 279, 1939); Properties of Flammable Liquids, Gases and Solids (Associated 
Faetoiy Mutual Fire Ins. Cos., January, 1940); and National Fire Codes for Flammable Liquids, Gases, 
Ch^ieals and F^plosivee-*1046 (Naiumal Fire Proteetion Aeeoeiation), 

^ Turbulent mixture. 


* CloUd eup refers to the equipment used in flash point determinationa. 
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Table 6. Approximate Limits of Flammabilitt of Single Gabes and Vapors 
In Air at Ordinary Temperatures and Pressures* (Continued) 


Gas* Oft Vapor 

LowEft Limit 

PEft CENT BY ^ 

Volume 

UppBft Limit 

Per CENT BY 
Volume ^ 

Closed Cup 

Flash Point 

F Deco 

Methyl acetate. .... 

3.1 

15.5 

15 

Methyl alcohol 

6.0 

36.5 

54 

Methyl bromide . 

13.5 

14.5 


Methyl butyl ketone. 

1.2 

8.0 


Mpthyl rhlnriHp 

8.0 

19.7 






Methyl cyclohexane — 

1.1 


25 

Methyl ethyl ether.-. 

2.0 

10.1 

-35 

Methyl ethyl ketone 

1.8 

11.5 

30 

Methyl formate 

5.0 

22.7 

-2 

Methyl propyl ketone. 

1.5 

8.2 



Natural gas . _ . 

4.8 

13.5 


Naphtha (benzine) 

1.1 

6.0 

20-45 

Naphthalene 

0.9 


174 

Nonane 

0.74 

2.9 

88 

Octane 

0.84 

3.2 

56 

Paraldehyde 

1.3 



Pentanp 

1.4 



Propane 

2.4 

9.5 


Propyl acetate 

1.8 


58 

Prop}'! alcohol 

2.5 


59 





Propylene 


11.1 


Propylene dichloride 


14.5 

59 

Propylene ovide 


21.5 


Pyridine (70 C) 


12.4 

68 

Toluene (toluol) 


7.0 

40 

Turpentine 

0.8 


95 

Vinyl ether _ . _ 

1.7 



Vinyl rhlnride .. . 

4.0 



Water gas (variable) 

6.0 



Xvlene (xylol) 

1.0 

6.0 

63 


vestigators frequently experience difficulty in obtaining dust suspensions 
of uniform dispersion, and this should be kept in mind when comparing 
results from several sources^^. 

Minimum explosive concentrations of airborne dusts already tested 
range from 0.01 to 0.5 oz per cubic foot, or 10 to 500 grams per cubic meter 
of air. Maximum pressures generated have been reported as high as 500 
psi, although they are more likely to be of the order of 50 psi. Investiga- 
tions on the flammable characteristics of dusts are currently made at 0.1 
and 0.5 oz per cubic foot^*"^^ 

ATMOSPHERIC POLLEN 

IVoperties of pollen grains discharged by weeds, grasses and trees and 
responsible for hay fever are of special interest to designers of air cleaning 
equipment (see Allergic Disorders in Chapter 13, and Air Cleaning Devices, 
Chapter 33). Whole grains and fragments transported by the air range 
chiefly between 10 and 50 microns in size, but some have been measured as 
small as 5 microns and others over 100 microns in diameter. Ragweed 
pollen grains are fairly uniform in size within the range of 15 to 25 microns. 
Pollen grains can be removed from the air more readily than the particles 
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of dust prevalent in outdoor air or produced by dusty processes, since the 
latter predominate in the range of 0.1 to 10 microns in size. 

Most grains are quite hygroscopic and therefore vary in weight with the 
humidity. Illustrations and data on individual pollen grains are available 
in the botanical literature”* Geographical distribution of' plants 

known to produce hay fever is also recorded^®* 

The quantity of pollen grains in the air is generally estimated by exposing 
an adhesive-coated glass plate outdoors for 24 hr and then counting cali- 
brated areas under the microscope. Methods are available for determin- 
ing the number of grains in a measured volume of air^®*^*” but their 
greater accuracy has not caused them to replace the more simple gravity 
slide method used for most pollen counts. Counting technics vary some- 
what, but the daily pollen counts reported in local newspapers during the 
hay fever season usually represent the number of grains found on 1.8 sq 
cm of a 24-hr gravity slid£. 

Hay fever sufferers may notice the first S3rmptoms when the pollen count 
is 10 to 25, and in some localities the maximum figures for the seasonal 
peak may approach 1000 for a 24-hr period, depending upon the sampling 
and reporting methods of the laboratory. Translation of gravity counts 
by special formulas to a volumetric basis, or the number of grains per 
cubic yard or per cubic foot of air, is imreliable because of the complexity 
of the modifying factors. When such information is important, it is best 
obtained directly by a volumetric instrument. The number of pollen grains 
per cubic yard of air evidently varies from 2 to 20 times the number found 
on 1 sq cm of a 24-hr gravity slide, depending on grain diameter, shape, 
specific gravity, wind velocity, humidity and physical placement of the 
collecting plate*®* 

AIRBORNE BACTERIA 

Study of the occurrence and significance of micro-organisms in the at- 
mospheres of the indoor world is absorbing the energies of a substantial 
number of physicians, bacteriologists, aerobiologists, physicists, public 
health workers, engineers and hospital personnel. Some data are avialable 
on the types and quantities of bacteria found in a variety of spaces, but it 
is not possible at present to use this information as a conclusive index of 
the potential health hazard of a given environment. The reported number 
of airborne organisms may vary from 1 to 1000 per cubic foot of air, influ- 
enced somewhat by the method of testing”. Many are attached to the 
dust particles present in the air. 

Where it seems advisable or desirable to control the bacterial content 
of rooms, public conveyances or buildings, highly effective methods are 
available (see Chapter 13), and their extended use may do much to assist 
the workers in this field in accumulating the necessary mass of evidence 
that will decide the practical value of air sterilization for the control of 
communicable disease. It is now well established that ultraviolet radia- 
tion is feasible for the protection or preservation of pharmaceuticals, cos- 
metics, and food products. 
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INSTRUMENTS AND .MEASUREMENTS 

Temperature Measurement, Pressure Measurement, Measurement of Air Movement, 
Air Change Measurements, Measurement of Relative Humidity, Dust Deter- 
mination, Heat Transfer Through Building Materials, Measurement of 
Heat Exchange for Comfort Conditions, Combustion Analysis, Smoke 
Density Measurements, Sound and Vibration Measurements 


H eating and air conditioning engineers and technicians require 
instruments for both laboratory and field use and somewhat more pre- 
cision is attainable and essential in the laboratory, where research and de- 
velopment are undertaken, than in the field, where acceptance and adjust- 
ment tests are conducted. Some instruments have attained an adequate 
state of development while others fall far short of the desirable. For in- 
stance temperatures can now be measured readily with ample accuracy 
for most purposes while a convenient and precise method for determining 
or comparing the dustiness of atmospheres is lacking and improvement in 
existing hygrometers and humidity controllers is essential. 

Codes and standards covering different types of heating and air condi- 
tioning devices and apparatus have been promulgated by various authori- 
tative; organizations and instniments essential for performance or com- 
pliance testing are enumerated in the relevant publications.^* 2* * The 

present purpose is to discuss the use and characteristics of the more im- 
portant instruments. 

TEMPERATURE MEASUREMENT^* « 

Thermometers 

Any device capable of indicating temperature is a thermometer but in 
common usage the term thermometer without qualification has come to 
signify the ordinary mercury-in-glass temperature indicating device. This 
type has a useful range from —40 F, the freezing point of mercury, to about 
1000 F, at or near which the glass usually softens. Lower temperatures 
can be measured with alcohol-filled thermometers for which the range is 
about —94 F to +248 F. The better thermometers have their scales, 
either Fahrenheit or Centigrade, etched with acid into the glass which forms 
their stems. The probable error for etched stem thermometers is plus or 
minus one scale division, and calibration is desirable for much test work. 
Thermometers are calibrated during manufacture at not less than two 
temperatures — the freezing and boiling points of water — and calibration 
is often accomplished with the instrument completely immersed in a bath 
at the known temperature. The intervening scale divisions are then ap- 
plied to the stem. When such a thermometer is used wdth the stem in- 
completely immersed, a correction known as the stem correction is neces- 
sary for accurate measurements, and its magnitude is usually computed 
by means of the following formula: 

K * 0.00009 D - it) (1) 

where 

K correction to be added, Fahrenheit degrees. 
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D • number of degrees on the thermometer scale which are not immersed. 
ii temperature indicated on the thermometer, Fahrenheit degrees. 
it « temperature of the non-iimnersed mercury column, Fahrenheit degrees. 

0.00009 difference in the coefficient of expansion of the mercury and glass. 

When a thermometer is used in a liquid or in air or gas near room tem- 
perature the effects of radiation can often be ignored, but when the tem- 
perature of hot air or gas is desired, means are usually provided for mini- 
mizing the effect of radiation.^ These include bright metallic shields 
around the thermometer bulb and the use of aspirated thermometers in 
which a stream of the air or gas is drawn at considerable speed across the 
bulb. This increases the influence of the gas temperature on the thermom- 
eter indication. In any case, to prevent errors in temperature measure- 
ments, there should be ample circulation so that the thermometer will 
indicate a true temperature of the medium under observation, and ample 
time should be allowed for the thermometer to reach the same temperature 
as the medium. In reading a thermometer the eye should be at the same 
level as the top of the liquid to avoid parallax. 

Industrial-type thermometers are available for permanent installation 
in pipes or ducts. These instruments are fitted with metal guards to 
prevent breakage and are useful for many purposes. However, the con- 
siderable heat capacity and conductance of the guards or shields do not 
permit such thermometers to follow the fluctuations in a medium of vary- 
ing temperature as well as those of the etched stem type. 

Thermocouples 

When two wires made of dissimilar metals are joined by soldering, weld- 
ing or merely by twisting, a thermocouple or thermo-junction is formed and 
an electromotive force, which depends upon the temperature of the junc- 
tion, is found to exist between the wires. When the wires are joined at two 
points a thermocouple circuit is formed, and if one junction is kept at a 
temperature different from the other, an electric current flows through the 
circuit due to the difference in emf developed by the two junctions. This 
phenomenon is employed for temperature measurements in thermocouple 
systems, one junction being ordinarily kept at a constant temperature, as 
in an ice bath, while the other junction is placed at a point at which it is 
desired to observe the temperature. In practice it is desirable to utilize 
emf to indicate temperature because, at small or zero current flow, the 
resistance of the circuit is unimportant. A high resistance millivolt meter 
is useful in some cases but the potentiometer yields better results. In the 
potentiometer the electromotive force generated by the thermocouples is 
balanced against an electromotive force from the battery so that observa- 
tions are made with no flow of current through the thermocouple circuit. 
A conventional arrangement is illustrated in Fig. 1. The thermocouple 
leads A-B are so connected that their polarity opposes that of battery C. 
If the position of E on the graduated slide wire rheostat DF is adjusted 
until galvanometer G shows no current flowing, resistance DE will indicate 
directly the voltage generated by the thermocouple. In order to calibrate 
the instrument, switch S is thrown over to the standard cell circuit while 
rheostat R is adjusted so that the galvanometer shows zero current. 
Battery C then exerts the known voltage of the standard cell at DH. 

The choice of materials for thermocouple wires is determined by the 
range of temperature to be measured. Up to about 600 F base metals such 
as iron-constantan or, preferably from the corrosion standpoint, copper- 
constantan are satisfactory and develop a relatively large emf of 40 to 60 
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microvolts per degree. Chromel-alumel couples are useful in the flue gas 
temperature range while platinum- (platinum-rhodium) couples are used for 
higher temperatures. Impurities make large differences in the perform- 
ance of thermocouple wires and for this reason calibration of samples from 
each spool of wire is essential for precise^ work. Data on wire can usually 
be obtained from the manufacturer. 

The act of adjusting rheostat D-F (Fig. 1) for zero current flow is known 
as balancing the potentiometer. Automatic self balancing instruments 
are on the market of both the indicating and recording types. They usu- 
ally contain an automatically compensating cold junction to avoid the use 
of an ice bath ; and special thermocouple wire is furnished with them from 
the factory. 

With a suitable potentiometer, small wires serve as well for thermo- 
couples as large ones and the fineness of the wires is limited only by consid- 



Fig. 1. Basic CiKCUiT AND Connections Fig. 2. Typical Resistance Ther- 
roR Thermocouple and Potentiometer mometer Circuit and Connections 


eration of mechanical strength and convenience in handling. Small 
couples respond more promptly to changes in temperature and are less 
affected by radiation than large ones. For use in heated air or gases, 
thermocouples are often shielded as are thermometers and aspirated ther- 
mocouples are sometimes used. An arrangement has been described, also 
for avoiding error due to radiation, which involves several thermocouples of 
different sizes the true temperature being estimated by extrapolation to 
zero diameter®. 

By the use of thermocouples, temperatures at remote points may be indi- 
cated or recorded on conveniently located instruments; average tempera- 
ture may be readily obtained by connecting several couples in parallel or in 
series; and temperatures may be obtained within thin materials, narrow 
spaces, or otherwise inaccessible locations. 

Thermocouples in series with every alternate junction maintained at a 
common temperature will give an emf which, divided by the number of 
couples to give the average emf® per couple, may be used to find the average 
temperature. 

Thermocouples in parallel having the similar metals of a number of 
couples connected together and run to a common cold junction will cause 
an indication on a potentiometer which is the true emf only if the electrical 
resistances of the parallel junctions are the same®* 
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Temperatures of surfaces below red heat are difficult to determine by 
any other means than thermocouples. For this purpose, a thermocouple 
of fine wires is preferable to minimize the possibility of error due to the 
conduction of heat along the wires. It may be attached to a metal surface 
in any of several ways. For permanent installations, soldering, brazing 
or peening may be desirable. A small hole is drilled for the peening opera- 
ation ; the thermocouple is inserted and the metal is peened to retain it. 
The fact that the thermocouple is in electric contact with the surface is 
unimportant in usual circuits. For temporary arrangements, couples may 
be attached by means of surgical or cellophane tape. For many boiler or 
furnace surfaces, furnace cement serves very well. The thermocouple 
may be attached by means of the cement when the surface is cold and must 
be treated gently and usually supported until the cement dries, due to heat, 
and hardens — after which it has ample strength. It is good practice to 
use as little cement as possible, and also to plaster the wires to the surface 
for an inch or so from their junction to avoid errors due to heat conduction 
along the wire. Electric insulation between the wires should be perfect 
except at the junction since, otherwise, the indicated emf will be between 
those existing at the junction and at the short circuit. 

Resistance Thermometers 

Resistance thermometers depend for their operation upon the change of 
electric resistance of metal with change in temperature. The resistance 
generally increases with rising temperature. Their use largely parallels 
that of thermocouples, although readings tend to be unstable above 950 
F. T^\'o-lead temperature elements are not recommended, since they do 
not permit correction for lead resistance. Three leads to each resistor 
are necessary to obtain consistent readings. 

A typical circuit used by several manufacturers is shown in Fig. 2. In 
this design a differential galvanometer is used, in which coils L and H exert 
opposing forces on the indicating needle. Coil L is in series with the ther- 
mometer resistance AB, and coil H is in series with the constant resistance 
R. As the temperature falls, the resistance of AB decreases allowing more 
current to flow through coil L than through coil H. This causes an in- 
crease in the force exerted by coil L, pulling the needle down to a lower 
reading. Likewise, as the temperature rises the resistance of AB increases, 
causing less current to flow through coil L than through coil H. This 
forces the indicating needle to a higher reading. Rheostat S must be ad- 
justed occasionally to maintain a constant flow of current. 

As compared to the thermocouple the resistance thermometer does not 
require a cold junction, and it can be simply scaled for more accurate 
measurements ; but, generally because of its construction it is more costly 
and is apt to have considerable lag. It gives best results when used to 
measure steady or slowly changing temperature. For accurate results 
the entire thermometer coil must be exposed to the temperature to he 
measured. 

Pyrometers 

The pyrometer is the usual instrument for measuring high temperatures 
such as those of incandescent bodies or furnace interiors. There are two 
types. In the radiation pyrometer the radiant energy from an observed 
surface falls on a thermopile and the emf generated by the pile, measured 
by a galvanometer or potentiometer, is an index of the surface temperature. 
With the optical pyrometer a narrow spectral band, usually red, emitted 
by the surface is matched visually with the filament of a special electric 
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lamp. The emf necessary to cause the filament to match the surface in 
brightness is the index of the temperature of the surface. Pyrometers are 
calibrated by means of various metals with known melting or freezing 
points. Portable as well as laboratory models are manufactured. 

* 

Color Indicating Crayons 

Crayons are available, the marks of which change color or melt at speci- 
fied temperatures. Such crayons have been sold in boxes covering the 
range from about 100 F to about 800 F in 100 deg steps with a precision of 
some 10 deg. They are a rough but convenient means of determining 
temperatures and of locating isothermal lines on surfaces below red heat. 

PRESSURE MEASUREMENT 

Pressure Gages 

The Bourdon is the most common type of pressure gage and its appear- 
ance probably is familiar to any one having an acquaintance with power 
plants or laboratories. The essential element of such a gage is the Bourdon 
tube, a metal tube of oval cross section curved along its length to form al- 
most a complete circle. One end is closed and the other is connected to the 
vessel in which the pressure is to be measured. With an increase of pres- 
sure, the tube tends to straighten, and vice versa, and the resulting motion 
of the closed end is communicated by suitable linkages to a Ueedle moving 
over a graduated dial. If the range is above about 20 psi, such gages are 
usually calibrated by means of a dead weight tester whereby know'n pressures 
are produced in a fluid by imposing known weights on a piston of known 
area. Gages are commonly set to read accurately at or near the pressure 
of probable use. Gages of several different types or qualities are available 
on the market^. Suction gages and pressure gages with ranges below about 
20 psi are ordinarily calibrated against mercury manometers. 

Manometers 

The manometer is a simple and useful means for measuring partial 
vacuum and low pressure. It is, moreover, a primary instrument; it does 
not require calibration, and it is often used as a standard for the calibration 
of other instruments. It is so universally used that both the inch of water 
and the inch of mercury have become accepted units of pressure measure- 
ment. In its simplest form, the manometer consists of a U-shaped glass 
tube partially filled with a liquid. A difference in height of the two fluid 
columns denotes a difference in pressure in the two legs which is propor- 
tional to the difference in height. 

For converting manometer readings into other pressure units, certain 
proposed standard factors are applicable for precise work. These are 
based on a standard gravitational acceleration of 32.1740 ft per (sec) (sec) 
and are as follows: 

1 Standard Atmosphere » 14.696 lb per sq in. 29.921 in. mercury at 32 F 
= 33.96 ft water column at 68 F 

For most ordinary purposes, the following figures are amply accurate: 

1 Atmosphere •= 14.7 lb per sq in. 29.9 in. mercury 
B 34.0 ft (408 in.) water column 

Manometer tubes should be chemically clean. The bore is not important 
except insofar as it affects the meniscus through netting or surface tension. 
Bores of at least r6 rough and i in. for more precise measurements 
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are recommended. Liquids other than water are sometimes used for low 
pressure measurement and, when this is done, the readings must be cor- 
rected for the density of the fluid used. 

For measuring pressure differences of a few inches of water, or less, U- 
gages are often set at an angle for scale ampliflcation. In many gages of 
this type, commonly termed draft gages or inclined manometers, only one 
tube of small bore is used and the other leg is replaced by a reservoir. The 
scale is calibrated to read in inches of water and it is necessary to use a fluid 
having the same gravity as that for which the gage was originally calibrated, 
or to apply a correction if another fluid is used. Such gages may be checked 
one against another. For more accurate calibration the gage may be 
checked against a micromanometer or a calibrating device known as a hook 
gage^^. The accuracy of a draft gage is dependent on the slope of the tube, 
and consequently the base of the gage must be leveled carefully. It is not 
desirable to use a slope of less than 1 in 10. Where pressures are read under 
extreme conditions of temperature, and calibration is possible only at nor- 
mal temperature, it is necessary to correct for the change in density of the 
liquid in the manometer^*. For measuring low pressure differences to 
within 0.001 in. of water very sensitive micromanometers are available, such 
as the Illinois or Wahlen, the Meriam, the Trimount, and the Emswiler^^* 

When using a manometer or other pressure gage for measuring air flow, 
by means of orifices, the t3rpe of duct openings used for manometer con- 
nections and their location are important. Where velocities are low, as in 
some plenum chambers, or where the flow is free of large eddies and parallel 
to the walls of a duct, a drilled hole cleared of burrs and at right angles to 
the stream is satisfactory^*. For higher velocities, it is common practice 
to provide four holes or taps around the periphery of the duct. Diamet- 
ricdly opposite pairs of taps are connected together, and then such pairs 
are manifolded together. 

An alternate method involves the use of the Pitot tube, shown in Fig. 3. 
This instrument should be pointed up-stream, parallel with the air flow. 
Where the flow is not axial or parallel to the side walls of the duct a very 
close approximation of the static pressure and the flow direction can be 
obtained by a Fechheimer tube^^ 

Barometer 

The simplest and earliest type of barometer consists of a glass tube some- 
what more than 30 in. long filled with mercury and inverted in a cup par- 
tially filled with mercury. The height of the mercury column in the tube 
above the mercury surface in the cup is a measure of the existing atmos- 
pheric pressure except for the slight pressure of the mercury vapor in the 
space above the mercury in the tube. This can ordinarily be ignored. 

Elaborate mercury barometers are manufactured, fitted with vernier 
scales and, for precise work, corrections must be made for the thermal 
expansion of the mercury and of the scales^*. The instruments are usually 
calibrated for 32 F mercury and 62 F scale temperature and the correction 
C to be subtracted from the observed barometer’s height is obtained by 
means of Equation 2. 


Hi - 28 .630) 
(1.1123 (-10978) 


( 2 ) 


where 


C correction to be subtracted, inches of mercury. 
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h ■* observed height, inches of mercury. 
t observed temperature of the barometer, Fahrenheit degrees. 

Standard atmospheric pressure at sea level is 29.921 in. Hg and since 
normal atmospheric pressure decreases about 0.01 in. Hg for each 10 ft 
increase in elevation, it is important to^make a correction if the elevation 
of the barometer is not that of the test apparatus. In many cases the 
barometric reading may be obtained from a nearby Weather Bureau 
Station, in which case inquiry should be made as to whether the value is for 
station or sea level pressure. 

Atmospheric pressure may also be measured by an aneroid barometer 
which is easily portable. In this type, variations in atmospheric pressure 
deflect the thin surface of a sealed diaphragm capsule. Most commercially 
available aneroid barometers are not as accurate as the mercurial type, and 
the best require occasional recalibration. Open-scale aneroid barometers 
are more expensive than common mercurial barometers. Most of the pres- 
sure gages used in engineering work indicate gage pressures, that is, the 



difference between the pressure being measured and the atmospheric pres- 
sure. Such pressures are called gage pressures. Absolute pressure may 
be obtained by adding barometric pressure and gage pressure algebraically. 

Am FLOW MEASUREMENTS 

The theory of various means for measuring the flow of fluids is discussed 
in Chapter 4, Fluid Flow. Heating and air conditioning engineers are 
called upon to measure the flow of air more often than that of other gases, 
and usually the air is measured at or near atmospheric pressure. Under 
this condition the air can be treated substantially as an incompressible 
fluid which implies that simplified formulas can be used with sufficient 
accuracy for the solution of many problems^^ 


The Pitot Tube 


The construction of the Standard Pitot Tube^* is shown in Fig. 3 and a 
formula (No. 73 from Chapter 4) used in conjunction with it, is as follows: 




1096.5 



(S) 
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where 

Vm » velocity, feet per minute. 

Km velocity pressure (Pitot tube manometer reading), inches of water, 
p density of air, pounds per cubic foot. 

Since the velocity in a duct is seldom uniform across any section and since 
a Pitot tube reading indicates a velocity at only one location, a traverse of a 
duct is usual to determine the average velocity so that the flow can be com- 
puted. Suggested Pitot tube locations for traversing round and rectangu- 
lar ducts are shown in Fig. 4. In general the velocity is lowest near the 
edges or corners, and greatest at or near the center. For this reason a large 
number of readings should be taken, in the case of round ducts not less than 
20, along two diameters at centers of equal annular areas. In rectangular 
ducts the readings should be taken in the center of equal areas over the 
cross-section of the duct. The number of spaces should not be less than 16 
and need not be more than 64. When less than 64 are taken the number of 
equal spaces should be such that the centers of the areas are not more than 


EQUAL CONCENTRIC PiTOT TUBE STATIONS INDICATED BV O 



Fig. 4. Pitot Tube Traverse for Rouxd axd Rectangular Ducrs 


6 in. apart. In determining the average velocity in the duct from the read- 
ings given, the calculated individual velocities or the square roots of the 
velocity heads must be averaged. It is incorrect to use the average velocity 
head for this purpose. Pulsating or disturbed flow will give erroneous 
results and therefore, if possible, the Pitot tube should be located at least 
7^ diameters down-stream from a disturbance such as that caused by a turn ; 
or a criss-cross type of flow straightener should be installed in the duct 
diameters ahead of the Pitot tube^^. Flow straighteners do not equalize 
flow velocity across a duct. They merely serve to improve the precision of 
measurements. Equalization can be effected if desirable for measuring pur- 
poses by the use of wire netting, perforated plates or cloth screens across 
the duct. 

Many forms of Pitot tubes other than the one described have been used 
and calibrated*®. A double-ended tube*S one end pointing down-stream, 
and one up-stream, is sometimes used for low velocities, but it should be 
carefully calibrated for accurate results. A special form of this tube design 
consists of two straight I in. tubes soldered together, closed at the end, 
and with a 0.04 in. hole in each tube opposite the line of contact. This tube 
is useful in exploring velocities in exhaust inlets, such as hoods placed around 



Instruments and Measurements 


201 


grinding wheels. To meet special conditions, different sized Pitot tubes 
which are geometrically similar to the standard tube can be used. 

Plate Orifices 

Application of the Pitot tube is oft§n inconvenient when velocities are 
low because the resultant velocity pressures become Sb small that extraor- 
dinary means are necessary for measuring them. In addition, velocity 
surveys of the whole cross-sectional area of a duct are inexpedient when 
numerous test runs are in prospect. Chiefly for these reasons orifices are 
favored for much test work. There are two types: the plate orifice and 
the shaped orifice or nozzle. Plate orifices are simple to construct and con- 
venient to use in that a frame can be made to support them in the duct such 
that one can be removed and another inserted when it is desirable to use an 
orifice of a different size. 


Formulas for Orifices 

In the heating and air conditioning fields it is usually convenient to obtain 
orifice pressure drops in inches of water column, temperatures in Fahrenheit 
degrees and barometric pressure in inches of mercury. The air flow is 
usually desired in cubic feet per minute at the existing condition, so that 
velocities in various ducts can be computed, and in pounds per hour so that 
computations of heat transferred by the air can be based on weight, tem- 
perature change and specific heat. Equation 55, Chapter 4, is applicable 
and for most purposes; it can be altered for convenience to read as follows: 


where 


(4) 


Qm « air flow, cubic feet per minute. 

K ■= orifice coeflicient. 

D •= orifice diameter, inches. 

Ti « temperature of air at orifice, Fahrenheit degrees, absolute. 

Bi =■ absolute pressure ahead of orifice, inches of mercury. 
hm “ pressure drop through orifice, inches of mercury. 

As most laboratories are less than 1000 ft above sea level precision is ade- 
quate in many cases if standard atmospheric pressure, 29.92 in. Hg, is 
assumed. Equation 4 then becomes : 

(?M = 0.95 KD^ y/T7L (5) 


After the flow in cubic feet per minute is determined, it can be expressed 
in pounds of air per hour by means of the relation 


W 


60 


PQm 

RTi 


( 6 ) 


P » pressure, pounds per square inch, absolute. 

R "■ 53.3, the gas constant for air. 

Ti absolute temperature of the flowing air, Fahrenheit degrees, absolute. 

The thin-plate square-edged orifice often has a discharge coefficient K 
near 0.60. The exact value depends on the location of the connections, the 
pressure drop, the diameter ratio of orifice to pipe, and the sharpness of the 
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edge”’^’. Other information on orifices and their use is contained in Chap- 
ter 4, Fluid Flow. 

Shaped orifices or nozzles have the advantage if well made that their 
discharge coefficients are close to unity so that the probability of large errors 
is less. Orifices of this type have been adopted for several specific purposes 
and designs are described in the A.S.H.V.E. Unit Heater^ and Unit Venti- 
lator Codes^ and in A.S.R.E. Circular 13* entitled “Standard Methods of 
Rating and Testing Air Conditioning Equipment”. In some instances 
nozzles are used in multiple so that the capacity of the testing equipment 
can be changed by shutting off the flow through one or more nozzles. An 
apparatus designed for testing the air flow and capacity of air conditioning 
equipment is described by Wile^^ in an article in which pertinent informa- 
tion on nozzle discharge coefficients, Reynolds numbers, and the resistance 
of perforated plates is also presented. Such apparatus in some laboratories 
is commonly referred to as a code tester. 

The Venturi meter is like the nozzle except for the addition of a down- 
stream transition section that reduces the pressure drop through the meas- 
uring apparatus. 

In some cases air velocity through a duct, heater coil, or heating unit may 
be most conveniently estimated by computation from the heat given up by 
the coil and the temperature rise (measured by thermocouples) of the air 
passing through. It is essential to have a uniform flow over the entire inlet 
and outlet of the heater at the plane of temperature measurement. 

Propeller or Revolving Vane Anemometer 

The propeller or revolving vane anemometer consists of a light revolving 
wind-driven wheel connected through a gear train to a set of recording dials 
that read the linear feet of air passing in a measured length of time. It is 
made in various sizes, 3 in., 4 in., and 6 in. being most common. Each 
instrument requires individual calibration. At low velocities the friction 
drag of the mechanism is considerable. In order to compensate for this, a 
gear train that overspeeds is commonly used. For this reason the correc- 
tion is often additive at the lower range and subtractive at the upper range 
with the least correction in the middle range of velocities. Most of these 
are not sensitive enough for use below 200 fpm. Anemometers of this type 
are practically standard for wind measurements and may be used in large 
ducts where the air flow is not seriously altered by the presence of the 
instrument itself. 

Deflecting Vane Anemometer 

The deflecting vane anemometer consists of a pivoted vane enclosed in a 
case, against which air exerts a pressure as it passes through the instrument 
from an up-stream to a down-stream opening. The movement of the vane 
is resisted by a hair spring and a damping magnet. The instrument gives 
instantaneous readings of directional velocities on an indicating scale. 
With fluctuating velocities, it is necessary to average visually the swings of 
the needle to obtain average velocities. This instrument is very useful for 
studying motion of the air in a room*® and in locating objectionable drafts. 
Various attachments are available, such as the double tube arrangement for 
determining velocities in ducts, and a device for measuring static pressures. 
Each instrument and the attachments for it must receive individual cali- 
bration. For determining average velocity in a duct it is necessary to 
traverse the duct as is done when using the Pitot tube. 
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Measurement of Velocities at Inlets and Outlets of Ducts 

In the field it is often desirable to make volume measurements at the face 
of the supply openings. It is rare to have access to the interior of duct 
sections where the flow is sufficiently uniform for measurement. For accu- 
racy the instrument and its application should be j^hecked on a similar 
approach and grille in the laboratory before use in the field. 

Tests have shown that the propeller type anemometer can be used suc- 
cessfully on most of the common types of supply grilles^® The core 
area is divided into equal squares, and the anemometer is held against the 
face of the grille for the same length of time in each. To obtain the air 
volume in cubic feet per minute, the average corrected velocity in feet per 
minute thus obtained is multiplied by the average of the gross and net free 
area of tlie grille (core) in square feet. 

On exhaust openings, the anemometer traverse is made as described 
previously. The air volume may be determined by multiplying the cor- 
rected velocity in feet per minute by the gross core area of the grille in 
square feet and by a coefficient for average conditions of 0.85^®. 

When a propeller type anemometer is held in a stream of varying veloc- 
ities, it tends to indicate higher than the true average, that is, the speed of 
the propeller is nearer to the top velocity in its area than it is to the 
minimum velocity. This is the main reason for the large difference in 
ratings of unit ventilators by the anemometer method and by air volume 
measurements in a duct approach to the inlet^®. 

Anemometers can be used within their range at the face of supply grilles 
when properly applied. In principle it is a case of finding the velocity at 
many points and using the average thus found with the correct discharge 
area at that cross-section. The deflecting vane anemometer equipped with 
a jet on the end of a rubber tube has been found especially convenient and 
accurate on supply grilles®®. On modern air conditioning grilles the core 
area is used without a correction coefficient when the jet is held one inch 
away from the face of the grille. At this distance the constriction due to 
the thin bars has disappeared since the small air jets have reunited, and the 
air stream has not yet spread beyond the core dimensions. With deflecting 
grilles the exploring jet should be turned to the angle giving a maximum 
reading. With suitable traversing tips and calibration, this instrument 
may also be used on exhaust grilles if proper grille factors are applied 
Those contemplating such measurements should consult the references 
cited. 

Smoke is a qualitative tool which is very useful in studying air move- 
ments. Satisfactory smoke can be obtained from titanium tetra-chloride 
(which, however, is very irritating to nasal membranes) or by mixing 
potassium chlorate and powdered sugar (a non-irritating smoke) and firing 
the mixture with a match. This latter process evolves considerable heat 
and it should be confined in a pan away from flammable materials. The 
titanium tetra-chloride smoke lends itself to spot determinations, partic- 
ularly for leakage through casings and ducts, as it can be easily handled 
in a small pistol-like ejector. The fumes of aqua ammonia and of sulfuric 
acid, if permitted to mix, form a white precipitate which is useful for some 
purposes. Two bottles, one containing ammonia water and the other acid, 
are connected to a common nozzle by means of rubber tubing. Air is 
forced over the surfaces of the liquids in the bottles by means of a syringe 
and the two streams, upon mixing at the nozzle, form a white cloud. 
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The hair hygrometer consists of from one to several strands of hair with 
a mechanism whereby changes in length of the strands, due to changes in 
hmnidity, cause an indicator to move across a dial. In the recording instru- 
ment, a pen is moved across and marks a moving paper ribbon, indexed in 
relative humidity. In a controller, or humidistat, the motion makes or 
breaks an electric contact governing the air conditioning equipment. Such 
devices require initial calibration and, for precise work, frequent recalibra- 
tion or setting especially if they are exposed to extremes of either high or 
low humidity. For continuous operation with only slight changes in hu- 
midity some operators report satisfactory reproducibility of results. 

Electrolytic Hygrometers 

The dampness and therefore the electrical resistance of a salt film varies 
with the humidity of the atmosphere to which the film is exposed and at 
least two types of instruments based on this fact have been developed. 
The Dunmore hygrometer was originally designed for use in radio-sondes 
or small balloons and means were devised whereby the device transmits 
humidity data back to earth in the form of a radio signal. In the more 
usual form this hygrometer consists of a dual winding of small wire on a 
non-conducting tube. The whole is coated with an electrolytic film, usually 
containing a salt such as lithium chloride, which forms an electric connec- 
tion between the windings. Means are provided for determining the elec- 
trical resistance of the film which is an indication of the humidity. In the 
radio-sonde, variations in the resistance of the film affect the frequency of 
an oscillating circuit. These hygrometers are usually calibrated by com- 
parison with a wet and dry bulb psychrometer. For calibration for some 
purposes, particularly for use at sub zero temperatures, means have been 
provided for producing atmospheres of known humidity^^ Advantages of 
instruments of this type for some scientific and industrial purposes are 
becoming apparent and some forms of it are on the market. 

The Weaver type hygrometer is particularly useful for determining the 
humidity of air or other gas in pipes or closed vessels at various pressures 
and temperatures. It consists of a threaded plug carrying a central elec- 
trode insulated from the plug except for a gelatinous electrolytic film. The 
film is exposed to the air or gas from the pipe or vessel and provision is made 
for determining its electrical resistance. The hygrometer, or detector, is 
mounted in a manifold equipped with valves whereby the film can be alter- 
nately exposed to the test gas and to a standard gas having a known absolute 
humidity. The pressure of the standard gas is varied until contact with it 
establishes the same resistance in the film as the test gas and the humidity 
of the test gas is then determined by computation based on the gas laws. 

Chemical Hygrometry 

The humidity of an atmosphere can be measured directly by extracting 
and weighing the water vapor from a known sample. For precise labora- 
tory work, powerful desiccants such as sulphuric acid and phosphorus pent- 
oxide are used for the extraction process while for some purposes, calcium 
chloride, lithium chloride or silica gel are satisfactory. Freezing the water 
vapor out of a measured stream of air or gas with solid carbon dioxide and 
weighing the resulting ice is a similar operation. A thermal conductivity 
method for gas analysis can be used for temperatures above 212 F or for 
very low humidities^. 
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DUST DETERMINATION AND AIR CLEANER TESTING 

Two absolute measures of air dustiness are in use; particles per unit 
volume of air and weight per unit volume of air. A comparative method is 
also used consisting in drawing known samples of air through a known area 
of filter cloth or paper and comparing the density of the resulting spots with 
blackness charts or with spots from other sources. 

For counting, particles are captured in a device such as the Smith- 
Oreenburg impinger, the Owens jet dust counter or in an electrostatic or a 
thermal precipitation device designed for the purpose^®. Counting is done 
with a microscope and the method yields important results when the nature 
or constituents of the dust are of interest. 

For a weight determination, a known volume of air is drawn through a 
porous crucible or thimble and the weight gained by the thimble during the 
operation is the weight of the dust captured from the air sample^^ For 
precise work, the thimble must be dried in a desiccating chamber before 
weighing each time. The test method specified in the A.S.H.V.E. Code for 
Testing and Bating Air Cleaning Devices Used in General Ventilating Work 
is based on a weight method for evaluating the cleanliness of air after pass- 
ing through an air cleaner^®. 

The Code has not filled all needs for an air cleaner testing method and the 
subject is now under investigation by the A.S.H.V.E. Research Laboratory. 
At the National Bureau of Standards a test method was developed for 
interested Government agencies under which measured samples of the un- 
cleaned air and of the air cleaned by a device under test are passed through 
filter papers^®. The ratio of the flow rates through the two filter papers 
are adjusted during successive tests until the resulting dust spots approach 
equality in density as shown by a photometer. The ratio of the flow rates 
is then indicative of the effectiveness of the cleaner in arresting dust. 

Other instruments for evaluating air dustiness are described by Drinker 
and Hatch^*. 

A statement of an air cleaner's efficiency by any test method, is meaning- 
less unless the test dust is specified. 

HEAT TRANSFER THROUGH BUILDING MATERIALS 
Thermal Conductivity 

Use of the guarded hot plate apparatus for determining the thermal 
(jonductivity (k value) of homogeneous materials was adopted by A.S.H. 
y,Fj. in 1942, and has become practically universal and the apparatus is 
described in an A.S.T.M. publication**^'^®. It consists essentially of an 
electrically heated plate and two water cooled plates. Two identical speci- 
mens or slabs of a material are required for a test and one is mounted on 
each side of the hot plate. A cold plate is then pressed against the outside 
of each specimen by a clamp screw. Hot plate apparatus accommodating 
specimens on the order of one foot square and an inch or more thick is 
common. The apparatus at the National Bureau of SUindards takes speci- 
mens 8 in. square while plates as large as 3 ft square have been used. The 
heated plate is divided into two portions: the central or measuring section 
and the outer or guard section. During tests the two sections are main- 
tained as nearly as possible at the same temperature and the purpose of the 
guard section is to minimize errors due to edge effects. The electric energy 
required to heat the measuring section is carefully observed and, converted 
to Btu per hour, is divided by the area and the temperature gradient to 
obtain the conductivity of a material tested. 



208 


CHAPTER 11 


1949 Guida 


Wall Conductances 

The thermal conductances (C values) of many walls can be satisfactorily 
estimated from the conductivities of their components and their dimensions 
but some walls are complicated, by the inclusion of metal, for instance, and 
tests for conductance are required. The apparatus is required to accom- 
modate large specimens representing actu^ construction. The shielded 
hot box apparatus was developed for this purpose^*^. Specimens for the 
apparatus at the National Bureau of Standards are 5 ft long and 8 ft high 
while others require different sizes, some larger, others smaller. 

The guarded hot box is described in the A.S.H.V.E. Standard Test Code 
for Heat Transmission through Walls^®. The apparatus consists essentially 
of three boxes ; a cold box, cooled by a refrigerating machine, a hot box, 
heated electrically, and a metering box also heated electrically. Each box 
has an open side to be placed against the specimen. The cold box is clamped 
against one side of the specimen and the hot box against the other. The 
hot box encloses the metering box and is kept at the same temperature to 
minimize heat exchanges to or from the metering box except through the 
specimen. The electric energy necessary to heat the metering box is meas- 
ured, converted to Btu per hour, and divided by the area and the tempera- 
ture difference through the wall, from surface to surface, to yield the 
conductance of the wall. The transmittance or [/-value of the wall is then 
computed by means of the surface coefficients from Chapter 6. 

The Nicholls heat flow meter is sometimes useful for measuring steady 
heat flow through a wall or other building member®®. In essence, this meter 
consists of a plate or slab of material of known thermal resistance having 
attached thermocouples on both sides. For use, the device is pressed 
against or cemented to the wall to be tested. At st^dy state, the tempera- 
ture difference through the slab, measured with the thermocouples, with 
the known thermal resistance of the slab, indicates the heat flow through 
the slab and hence through the wall covered by it. For best results, such 
meters are calibrated by means of a guarded hot plate or other suitable 
apparatus. The chief precaution is to assure that the heat flow is steady 
at the time of measurement. 

EVALUATION OF THE THERMAL ENVIRONMENT 

Advocates of radiant heating emphasize the fact that comfort depends 
on radiant heat exchanges as well as air temperature. For this reason sev- 
eral instruments have been devised to evaluate the comfort or warmth of 
rooms, taking radiant as well as convective effects into account. Prom- 
inent among these are the eupatheoscope, the globe thermometer, the 
thermal integrator and the heat^ globe®^’®^. Descriptions are contained in 
the references and are omitted here because these devices are not widely 
used in America for several reasons, among which is the fact that radiant 
heating with high temperature sources is not a chief method of comfort 
heating in this country. 


EQUIPMENT TESTING 

There are two approaches to the problem of measuring the capacities of 
fuel burning devices such as boilers and furnaces. The direct or calori- 
metric test consists in measuring the change in enthalpy or heat content of 
the fluid, air or water, heated by the device and multipl 3 ring by the flow 
rate in pounds per hour to arrive at the capacity in Btu per hour®®. The 
indirect test consists in determining the heat lost in the flue gases and 
deducting it from the heat evolved by combustion of the fuel®®. A heat 
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Table 1. 

Ringelmann Smoke Chart Spacings 

Number I 

THICKNBaS OF 

1 Distance in Clear 

OP Card j 

Lines, mm 

; Between Lines, mm 

1 

1.0 * 

9.0 

2 i 

2.3 

; 7.7 

3 i 

3.7 

, 6.3 

4 ! 

5.5 

1 4.5 


balance consists in the simultaneous application of both tests to the same 
device. The indirect test almost invariably indicates the greater capacity 
and the difference is credited to radiation from the boiler or furnace casing 
and unaccounted for loss. 

In the case of some small equipment, the expense of the direct test is not 
considered justifiable and the indirect test is relied upon with an arbitrary 
radiation and uruiccounted for factor*^. 

Flue Gas Analysis 

The Orsat apparatus is commonly used for analyzing flue gases. In its 
ordinary form it consists of three pipettes and a means for isolating a sample 
of flue gas in a graduate. After measuring, the sample is expelled from the 
graduate into the first pipette where the carbon dioxide is extracted by 
potassium hydroxide. The sample is then remeasured and successively 
passed into the second and third pipettes where the oxygen and the carbon 
monoxide are respectively extracted by potassium pyrogallate and cuprous 
chloride. 

For field testing and burner adjustment, simpler portable devices are 
available which analyze only for carbon dioxide and curves are in use for 
several common fuels, based on typical hydrogen contents, by means of 
which efficiencies can be estimated. More elaborate laboratory equipment 
is sometimes provided for precise determination of carbon monoxide content 
by burning the carbon monoxide to carbon dioxide by means of a cata- 
lyst“.B6. In large plants, carbon dioxide recorders are used to obtain a 
continuous indication of the plant^s efficicncy^^. 

SMOKE DENSITY MEASUREMENTS 

Ringelmann charts are widely used for evaluating the density of smoke 
discharged from chimneys or stacks, and smoke ordinances are based on 
them in some cities. Each chart is composed of a series of crossed black 
lines on white paper which, at a distance of about 50 ft, is visually compared 
with the smoke under observation. Four charts are used with different 
degrees of blackness as shown in Table 1. The smoke density is specified 
by Ringelmann numbers, from 1 to 4. 

The photo-electric cell is used in some apparatus developed for smoke 
density recording in large plants. The same device is included in the test- 
ing equipment for domestic oil burners described in National Bureau of 
Standards^ Commercial Standard CS75-42^*. Under Laboratory Teste this 
publication contains the following section: “Smoke Determination. — ^After 
combustion has reached equilibrium, the amount of smoke in the flue gases, 
when viewed lengthwise through 4 feet of the smoke pipe in accordance with 
the Underwriters' Laboratories^ Inc.y Standard for Domestic Oil Burners 
(Subject 296), March 1934 and subsequent revisions, shall not reduce the 
output of a standard photoelectric cell from 9 microamperes, with a clear 
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smoke pipe, to less than 8 microamperes.” The commercial standard also 
requires that during a test after installation, the burner shall operate with- 
out visible smoke at the chimney top. 

A method of evaluating smoke produced by pot type oil burners was 
developed for the Institute of Cooking and Heating Appliance Manufac- 
turers by R. N. St. John. A glass rod is interposed between a light source 
and a photo-sensitive cell both before and after being exposed to the flue 
gases from a heating device. The diminution of the light transmitted by 
the rod due to the deposit of soot on its surface causes a reduction in the 
cell emf which is taken as an index of the concentration of smoke in the flue 
gases. A description of the method is contained in National Bureau of 
Standards Commercial Standard CS104-46®^. 

Sound and Vibration Measurements 

Approximate measurements of sound intensity can be made by aural 
methods. The ear is used to compare the measured noise with sounds of 
known strength. 

Electrical devices in which the ear plays no part furnish the most satis- 
factory means of measuring noise intensities. The sound meter consists 
essentially of a microphone coupled to an amplifier designed with an ear-like 
response. The output of the microphone is read on a sensitive direct 
current milliammeter graduated to read directly in decibels. Instruments 
of this type if connected with suitable band pass filters can be used to study 
the intensity of the sound over its entire range of frequencies. 

Electrical instruments are available for measuring the frequency, ampli- 
tude and acceleration of a vibrating mass. They are usually more con- 
venient and accurate than the vibrating reed tachometer and the seismic 
type displacement meters and accelerometers which can also be used for 
this purpose. Sound level meters are discussed in several text books®®*®® 
and standards®^ 
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Chemical Vitiation of Air, Physical Impurities in Air, Thermal Interchanges Between 
the Body and Its Environment, High Temperature Hazards, Acclimati- 
zation, Upper Limits of Heat for Men at Work, Application of 
Physiologic Principles to Air Conditioning Problems, 

Effective Temperature Index and Comfort Zones 


V ENTILATION is defined in part as the process of supplying air to, 
or removing air from, any space by natural or mechanical means. The 
word in itself implies quantity, but air must be of the proper quality also. 
The term air conditioning in its broadest sense implies control of any or 
all of the physical or chemical qualities of the air. The A.S.H.V.E. Code 
of Minimum Requirements for Comfort Air Conditioning^ defines it “as 
the process by which simultaneously the temperature, moisture content, 
movement and quality of the air in enclosed spaces intended for human 
occupancy may he maintained A^ithin required limits. If an installation 
cannot perform all of these functions, it shall be designated by a name that 
describes only the function or functions performed.” 

CHEMICAL VITIATION OF AIR 

People living indoors bring about certain physical and chemical changes 
in the air about them. The oxygen content of the air diminishes and the 
carbon dioxide increases, but these changes are too slight to be significant 
except in air tight spaces as in submarines. Organic matter which is 
usually perceived as odors comes from the body or clothes. Moisture 
and heat are given off by the body. There is no evidence of any toxic 
volatile material given off by man to the ambient air. Stale air may be 
f)ffensive because of odors and may induce loss of appetite and loss of 
energy. Objectionable body odors have the same effects. These reasons, 
whether esthetic or physiological, usually make it desirable in the design 
of air conditioning s 3 ''stcms to provide for the elimination or control of 
odors arising from occupancy, cooking, or other sources. This may be* 
accomplished by introducing odor-free air in sufficient quantities to reduce 
odor concentrations by dilution to a level which is not objectionable. 
Odor-free air may be outdoor air or air which has been cleared of odors b}'^ 
sorption, washing, or other appropriate means. 

In the case of vitiation by a few hazardous gases such as carbon mon- 
oxide from heating, cooking, and certain industrial processes, no satis- 
factory cliemical treatment for the elimination of the impurity has been 
found. The only satisfactory solution is elimination at the source by local 
exhaust ventilation; or, if this is impossible, reduction to a safe concen- 
tration by dilution. (See Chapter 10.) In the case of contamination 
by other matter, including volatile vapors and gases, chemical treatment 
for the removal or reduction of the impurities has been made available 
through air cleaning methods, which are discussed in Chapter 33. 

When the only source of contamination is the human occupant, the 
minimum quantity of outdoor air needed appears to be that required 
to remove objectionable body odors, or tobacco smoke. The concen- 
tration of body odor in a room, in turn, depends upon a niunber of factors, 
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including the dietary and hygienic habits of the occupants (frequently 
reflecting their socio-economic status), the outdoor air supply, air space 
allowed per person, odor adsorbing capacity of air conditioning processes, 
and temperature and relative humidity. Perception of odor lias been 
found to vary as the logarithmic function of the odor intensity, or inversely 
with the logarithmic function of the amount of outdoor air supplied and 
the air space per person. 

The relation between air supply and occupancy has been reported by 
the Harvard School of Public Health^ (Table 1) and the A.S.H.V.E. 
Research Laboratory^. Outdoor air requirements for removal of objec- 
tionable tobacco smoke odors are not accurately known but available 
information and current practice indicate the need of 15 cfm per person 
or more^. 

The total quantity of outside air to be circulated through an enclosure 
is often governed chiefly by physical considerations for controlling tem- 
perature, air distribution, and air velocity. Other factors which must be 
taken into consideration, include the type and usage of the building, 
locality, climate, height of rooms, floor area, window area, extent of occu- 
pancy, and the operation of the system distributing the air supply. Fre- 
quently, some of these factors, particularly the need for air movement and 
good distribution, may be satisfied by recirculation of inside air rather 
than outside air. 

It will be noted that, with adequate air space, the rate of air change 
indicated in Table 1 is from 10 to 30 cfm per person. In rooms occupied 
by only a few persons such an air change will be automatically attained 
in cold weather by normal leakage around doors and windows, and can 
easily be secured in warm weather by the opening of windows. With a 
space allotment of 400 cu ft per person, only 1| air changes per hour are 
necessary to provide a ventilation rate of 10 cfm per person. 

Therefore, in the ordinary dwelling with adequate cubic space allot- 
ment, no special provision for controlling chemical purity of the air is 
necessary (aside from removal of fumes from heating appliances). For 
such conditions, the control of air temperature is the major consid- 
eration. 

In more crowded rooms (large offices, large workrooms, auditoriums), 
the cubic space per person is less and it is usually impossible to admit un- 
tempered outside air without creating drafts. Here, mechanical ventila- 
tion is essential for removal of the heat and moisture produced by the 
occupants. 

The present data regarding the effect of cubic space on ventilation 
requirements are not universally accepted. The Code of Minimum Re- 
quirements for Comfort Air Conditioning^ prescribes definite minimum 
requirements w'hich should be familiar to the designing engineei’. It 
should be emphasized, however, that the code fixes mmimum, rather than 
adequate requirements. 

Notwithstanding the rapid advance made in air conditioning some per- 
sons still believe there is a stimulating quality in outdoor air (particularly 
country, mountain and seashore air) under ideal weather conditions, which 
is lacking in artificially conditioned air. It is apparent, however, that 
modern air conditioning insures control of the phenomena of nature for 
the service and comfort of man independently of weather conditions. 
Freedom of movement, action and thought, together with the variability 
of stimuli experienced by persons under ideal conditions in the country, 
mountains or seashore, undoubtedly have some stimulating effect. Various 
experimenters have attempted to duplicate the invigorating qualities of 
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Table 1. Minimum Outdoor Air Requirements to RemoV£ Obj^ci’IOnable 
Body Odors Under Laboratory Conditions* 


Type of Occupants 


Air Space per Outdoor Ajr Supply 
Person Cu Ft CFM per Person 


Heating season with or without recirculation. Air not conditioned. 


Sedentary adults of average socio-economic status.. . j 

100 

200 

300 

500 

25 

10 

12 

7 

Laborers 

200 

23 


Grade school children of average socio-economic statusj 

100 

200 I 

300 1 

500 

I 29 

! 21 

! 17 

1 

Grade school children of lower socio-economic status... 

200 

38 

Children attending private grade schools 

100 

22 


Heating season. Air humidified by means of centrifugal humidifier. Water 
atomization rate 8 to 10 gph. Total air circulation 30 cfm per person. 


Sedentary Adults I 200 12 

Summer season. Air cooled and dehumidified by means of a spray dehumidifier. 
Spray water changed daily. Total air circulation 30 cfm per person. 

Sedentary Adults | 200 <4 


outdoor air by the use of ozone, ionization, or ultra-violet light, but results 
to date have been inconclusive or negative^. 

Ozone in amounts of 0.01 to 0.05 ppm of air is allowable in comfort air 
conditioning. Above this limit there is a pungent, unpleasant odor and 
perhaps respiratory distress, depression, and stupor®. 

PHYSICAL IMPURITIES IN AIR 

Dust particles of almost any type can produce irritation of the mucous 
membranes of the nose and throat if present in high concentrations. Cer- 
tain dusts may be very harmful, but coal dust is tolerated well. The 
effects of various industrial dusts, pollens, etc. arc discussed in Chapter 10. 

A certain part of the dissemination of disease in confined spaces is 
caused by the emission of pathogenic organisms from infected persons. 
(See Chapter 13.) 

While in some instances it may be possible to reduce the phj’^sical im- 
purities of the air by dilution from a non-contaminated source, such a 
source is rarely available. Frequently outside air contains a higher con- 
centration of physical impurities than indoor air. Therefore, it is usually 
desirable to reduce the concentration of physical impurities by air clean- 
ing methods. (See Chapter 33.) 

THERMAL INTERCHANGES WITH ENVIRONMENT 

Body temperature depends upon the balance between heat production 
and heat loss. Heat resulting from oxidation in the body (metabolism) 










216 


CHAPTBR 12 


1949 Guide 


maintains the body temperature well above that of the surrounding air 
in a cool or cold environment. At the same time, heat is constantly lost 
from the body by radiation, convection and evaporation. Since, under 
ordinary conditions, the body temperature is maintained at its normal 
level of about 98.6 F, the heat production must be balanced by the heat 
loss. During work the body temperature may rise ; in fact, afternoon tem- 
peratures of normal persons average 1 deg above the resting value of the 
morning whether working or not. 

The fundamental thermodynamic processes concerned in heat inter- 
changes between the body and its environment may be described by the 
equation : 

M-±8 + E±R±C (1) 


where 

M a rate of metabolism, heat produced within the body. 

S a rate of storage, change in intrinsic body heat. 

E rate of evaporative heat loss. 

R B rate of radiative heat loss or gain. 

C B rate of convective heat loss or gain. 

The rate of metabolism, ilf, is always positive. The storage, S, may 
be either positive or negative, depending upon whether heat is being 
stored or depleted owing to a rise or fall in body temperature. Under 
ordinary circumstances (when the dew-point of the air is below the body 
surface temperature) the evaporation loss, jB, is always positive; that is, 
heat from metabolism supplies this loss. R and C are positive when body 
surface temperature is above that of walls and air, and negative when it 
is below. 

DuBois^, after careful calorimeter studies on fasting, nude men, plotted 
the partition of body heat loss and heat production as a function of tem- 
perature. Fig. 1 shows some disparity between heat production and heat 
loss. This disparity is S in Equation 1. In the central range of the 
experiments, S was quite low and no increase in heat loss by vaporization 
was apparent. Within the range 81 to 86 F a zone of easy regulation of 
body heat exists for nude persons which may be called a zone of thermal 
neutrality in contrast with the chilling effect noted in the cooler part of the 
curve, the zone of body cooling^ and in contrast with the zone of evaporative 
regulation at higher temperatures. In the narrow range of the neutral 
zone most men feel comfortable under similar conditions (nude and at 
rest). In this neutral zone the regulation of body temperature is accom- 
plished by automatic variation in the blood flow to the skin, especially of 
the hands, feet, and head, to vary the radiation and convection losses as 
required to balance heat loss and heat production. 

In the zone of body cooling circulation to the skin is greatly reduced; 
the feet and hands cool sharply ; gooseflesh appears early ; the rectal tem- 
perature falls progressively until shivering or work increases heat produc- 
tion. Adolph and Molnar^ showed that shivering or work can increase 
heat production four- or five-fold and so constitute protection from expo- 
sure to cold. They showed that the cutaneous vaso-constriction during 
chilling produces a temperature gradient averaging 4.4 cm in thickness 
below the skin in chilled nude men. Their subjects complained of pain, 
especially in the feet, which progressed to numbness. Discomfort from 
cold was followed by mental confusion, dullness and stupor. Fatigue 
limited their shivering response and shivering stopped with sleep. Hypo- 
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thermia (abnormally low body temperature) was then inevitable. These 
authors observed no acclimatization to cold. There is no good evidence 
that man can adapt himself to cold by increasing heat production except 
that due to exercise or shivering. In animals and even in certain mam- 
mals, such chemical regulation is known to exist. * 

In the zone of evaporative regulation the burden of heat dissipation is 
assumed by evaporation, radiation and convection losses already being 
maximal from the warm skin, flooded by maximal cutaneous blood flow*. 
In such hot conditions the pulse rate rises. When sweat first appears it 
covers only part of the body, especially the head and neck, and gradually 
extends to drench the entire body surface. All factors which affect the 
evaporation of water from the skin affect heat regulation in the zone of 



Fig. 1. Heat Loss from Human Beings by Evaporation, Radiation, and 

Convection* 

* Normal control, naked, in calorimeter at temperatures from 72.8 to 94.1 F. First column in each experi- 
ment represents heat production as determined by indirect calorimetry, the second column, heat elimination. 
The portion marked with vertical lines represents vaporisation, the dotted area convection, the unmarked 
area radiation. The skin temperature represents the average reading of 18 spots on the surface. 


evaporative regulation. Relative humidity and air motion are most im- 
portant. With dry-bulb temperature above body temperature, air motion 
facilitates evaporative heat loss by removing hot humid air from contact 
with the skin and replacing it with relatively drier air. 

Heat regulation in man requires an intact set of sensory nerves, a nor- 
mal s 3 Tnpathetic nerve supply to sweat glands and blood vessels, a great 
many sweat glands, and a circulatory system capable of carrying heat from 
muscles and viscera to the skin by circulation of the blood. 

Some of the phenomena of body temperature control are shown graphi- 
cally in Fig. 2. The dotted curves, from a study at the John B. Pierce 
Laboratory of Hygiene^®, are for subjects lightly clothed in a semi-reclining 
position and give the relation between the dry-bulb temperature of the 
environment (with about 45 per cent relative humidity) and the metabolic 
rate (heat production), the rate of heat dissipation by radiation and con- 
vection combined, and the latent heat loss due to evaporation from the 
skin and the respiratory tract. The smooth line curves from the work of 
the A.S.H.V.E. Research Laboratory^^ give the same relationships for 
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healthy, male subjects (18 to 24 years of age), seated at rest and dressed 
in customary winter indoor clothing. The Pierce Laboratory data for 
the semi-reclining subjects also include the rate of heat storage (either 
positive or negative) due to a rise or fall in body temperature. For the 
normally clothed subjects, a curve gives the total heat loss (that is, the sum 
of the radiation, convection and evaporative losses). Here, storage is 
given by the difference between the metabolism and total heat loss. 

The small difference between the metabolic rates for the two groups of 
subjects may be accounted for by difference in activity. Heat exchange 
between the body and the environment by radiation and convection is 
greater for the lightly clothed subject, both for cool conditions where 
there is excessive heat loss, and for very warm conditions where there is 
transfer of heat from the atmosphere to the body. The two curves for 



Fig. 2. Relation Between Metabolism, Storage, Evaporation, Radiation Plus 
Convection, and Temperature for the Clothed Subject 

evaporative loss serve to show how physiological control uses evaporation 
of perspiration to maintain equilibrium at high temperatures. Below 75 F 
for the normally clothed subject, and below 85 F for the lightly clothed 
subject, evaporation loss is minimal and constant. Burch^^ has shown 
that this insensible perspiration reflects the permeability of the skin to the 
moisture of the body. Above these temperatures control is obtained by 
the availability of perspiration for evaporation. The difference in the 
curves above 75 F is probably largely determined by the difference in 
clothing and activity. 

In the zone of evaporative regulation air movement facilitates evapora- 
tion until the dry-bulb is above body temperature and convection and 
radiation heat gains interfere with heat regulation. Nelson et afl^ report 
much help from wind in enduring wet-bulb temperature of 88 to 91 F. 
The initial manifestation of failure of heat regulation is a rise in body tem- 
perature. Work is rarely possible with rectal temperatures over 102 F. 
Survival time is limited when the accelerated metabolic rate raises body 
temperature to 105 F. 
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HIGH TEMPERATURE HAZARDS 

Studies at the A,S.H.V.E. Research Laboratory^^ and elsewhere during 
the past two decades have made available much information dealing with 
the physiological effects of hot atnjospheres on workers and means of 
alleviating the distress and hazards associated therewith. Table 2 gives 
some of the physiological responses of men, at rest and at work, to hot 
environments. Frequent and continued exposure of workers to hot envi- 
ronments results in physiological derangement affecting the leucocyte 
count of the blood, and other factors dealing with man’s mechanism of 
defense against infection. 

Wherever S (Equation 1) becomes strongly positive and body tem- 
perature rises progressively men will continue to work until body tempera- 
ture reaches 101 to 103 F. When these body temperatures are exceeded 
men work with declining efficiency and are liable to heat exhaustion, heat 
cramps, or heat stroke. 


Table 2. Physiological Responses to Heat of Men at Rest and at Work* 


ErracTivii 

Temp 

Actual 

Cheek 

Temp 

(Farr 

Deo) 

Men at Rest 

Men at Work 

90,000 rr-LB or Work per Hour 

Rise in 
Rectal 
Temp 
(Fahr Deg 
per Hr) 

Increase 
in Pulse 
Rate 

(Beats per 
Min per 
Hr) 

Approximate 
I. 0 S 8 in Body 
Weight by 
Perspiration 
(Lb per Hr) 

Total Work 
Accomplished 
(Ft-Lb) 

Rise in 
Body Temp 
(Fahr Deg 
per Hr) 

Increase in 
Pulse Rate 
(Beats per 
Min per Hr) 

Approximate 
L^ in Body 
Wt by Per- 
spiration 
(Lb per Hr) 

60 





225,000 

0.0 

6 


70 


0.0 

0 

6.2 

225.000 

0.1 

7 



96.1 

0.0 

0 

0.3 

209,000 

0.3 

11 


85 

96.6 

0.1 

1 

0.4 

190,000 


17 

1.1 

90 

97.0 

0.3 

4 

0.5 

153,000 

1.2 

31 

1.5 

95 

97.6 

0.9 

15 

0.9 

102,000 

2.3 

61 

2.0 

100 

99.6 

2.2 

40 

1.7 

67,000 



2 . 7 b 

105 

104.7 

4.0 

S3 

2.7 

49,000 


158b 

3 . 3 b 

no 


5.9b 

137b 

4.0b 

1 

37,000 

8.5b 

237b 

4.4l> 


• Data by A.S.H.V.E. Research Laboratory. 

” Computed value from exposures lasting less than one hour. 


Heat exhaustion is a circulatory failure in which the venous return to 
the heart is reduced so that fainting results^®. Early symptoms of heat 
exhaustion may include fatigue, headache, dizziness when erect, loss of 
appetite, nausea, abdominal distress, vomiting, shortness of breath, flush 
ing of face and neck, pulse rate above 150, fever well above 102 F, glazed 
eyes, and mental disturbances as apathy, poor judgment, and irritability 
which usually precede fainting (syncope). Recovery is usually prompt 
when the man is removed to a cool place and kept lying down for a time, 
unless he has some other illness such as heart disease. 

Heat cramps are painful muscle spasms in extremities, back and abdo- 
men due, at least in part, to excessive loss of salt in sweating. Formerly 
common in hot industries, this manifestation of illness due to heat is now 
greatly reduced by drinking water containing 0.1 per cent salt, or by proper 
use of salt tablets. Heat cramps are readily alleviated by administration 
of salt solution intravenously. 

Heat stroke or sun stroke is a serious effect of exposure to great heat. 
The body temperature climbs rapidly to excessive levels often above 105 F 
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when for unknown reasons free sweating suddenly stops. At such high 
temperatures coma appears and death may be imminent. Emergency 
measures are required to reduce the excessive body temperature by cooling 
quickly to avoid irreparable damage to the brain^®. 

The deleterious physiologic effects of high temperatures exert a power- 
ful influence upon physical activity, accidents, sickness and mortality. 
Both laboratory and field data show that physical work in warm atmos- 
pheres is a great effort, and that production falls progressively as the 
temperature rises. 


ACCLIMATIZATION 

When men move to deserts or to jungles some adaptation to the climate 
takes place. If work is gradually increased day by day and if the men can 
get plenty of water and salt, and can sleep each night, acclimatization may 
be complete in 7 to 10 days. The acclimatized man works with a lower 
heart rate, lower skin and rectal temperature, and more stable blood pres- 
sure than when unacclimatized. The process of acclimatization requires 
work in the heat^^. During the recent war white troops lived and did hard 
physical work for long periods in tropical conditions when disease hazards 
were controlled. 

In recent tests made at the A.S.H.V.E. Research Laboratory^*, subjects 
were required to perform light work under very hot conditions for a 4-hr 
period each day. It was found that the ability of a new subject to endure 
these conditions showed daily improvement for a period of at least 2 weeks. 
However, after acclimatization was completed, a recess of several days 
had no effect on the endurance of the subject. Individuals differ widely 
in their capacity to acclimatize. Acclimatized men lose these capacities 
in a few weeks of temperate climate, even though they are vigorously 
active. Acclimatization to dry heat increases the capacity to sweat and 
to conserve salt by secreting a dilute sweat^®. 

Deterioration of performance and other ill effects of heat may arise 
during prolonged exposure to heat when men cannot get sufficient rest 
and sleep each day. Acclimatization to extreme conditions involves a 
strain upon the heat regulating system and interferes with the normal 
physiologic functions of the human body. Thousands of years in the 
heat of Africa do not seem to have acclimatized the Negro to a tempera- 
ture exceeding 80 F. The same holds true of northern races with respect 
to cold, although the effects are mitigated by artificial control. Some 
persons regard the unnessary endurance of cold as a virtue. They believe 
that the human organism can adapt itself to a wide range of air conditions 
with no apparent discomfort or injury to health. In the light of present 
knowledge of air conditioning these views are not justified. 

The adaptive level changes somewhat with the season. There are also 
marked differences between the sexes. In the cold zone the thickness of 
thermal insulating tissues of women is ahnost double that of men, although 
the sensory responses to cold are similar. In the hot zone, the threshold 
of sweating is higher for women. The thickness and insulating value of 
the clothing worn are also important factors in the determination of the 
comfort level. 

UPPER LIMITS OF HEAT FOR MEN AT WORK 

In very hot conditions humidity is the limiting factor and the wet-bulb 
temperature assumes great importance. In 1905 Haldane recognized that 
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Table 3. Uppbb Limits of Environmental Conditions fob Accumatized, 
Healthy, Young Men in Military Sebvigb 


Environment 

Reactions at the end of 4 hr 


Pulse rate 

Relatively Easy 

Below 101 

Below 130 

Difficult 

101 to 102 

130 to 145 

Impossible.. i 

Above 102 

Over 145 


88 F wet-bulb was the limit of endurance for coal miners and later observers 
have concurred. 

A study was made at the Armored Medical Research Laboratory*® to 
determine the upper limits of environmental conditions under which a 
man can perform certain work. Thirteen enlisted men, thoroughly accli- 
matized to the hot conditions, served as subjects. During each test, the 
subjects were required to march for 4 hr at the rate of 3 mph, carrying 
20 lb packs under a wide range of environmental conditions which were 
rated as relatively easy, difficult, and impossible, on the basis of the 
physiological reactions of the subjects at the end of the 4-hr period as 
shown in Table 3 and Fig. 3. 

Recognition of the need of air conditioning for workers in hot industries 
is growing rapidly. The choice of the type of system to be used in any 
given instance must be determined by the air conditioning engineer after 
a study of conditions. In some hot industries where few workers are 
engaged in large spaces the worker himself, rather than the atmosphere, 
can be cooled by placing him in a small booth, and blowing cooled air 
over him, or by circulating cooled air through a loose-fitting suit*^ 

The A.S.HA'.E. Laboratory has studied the effects of walls of higher 
temperature than the air'*. The findings are in part shown in Fig. 4. 
Mean radiant temperatures up to 40 deg above the dry-bulb did not influ- 
ence physiologic processes much. For example, at 84 deg ET and 40 deg 
elevation in MRT, 1 deg ET change was equivalent to a 4 deg rise in 
MRT. Similarly, at a constant ET of 90 deg and with MRT elevations 
of 0 and 40 deg, 1 deg increase in ET w as equivalent to 7.5 deg and 11 deg 
rise in MRT respectively. Under ordinary still air conditions the effects 
of air temperature and MRT appear to he interdependent. Various au- 



Fio. 3. Heat Endurance of Acclimatized Subjects Working at a Specific Rate*® 









CHAPTER 12 


1949 Guide 


thorities give 0.3 to 1 deg increase of room temperature to compensate 
for 1 deg depression of the MRT. 

APPLICATION OF PHYSIOLOGIC PRINCIPLES TO AIR 
CONDITIONING PROBLEMS 

In order to estimate cooling loads in occupied spaces it is necessary to 
know the metabolic rate (heat production) of man. This has been studied 
extensively and found to remain relatively constant per unit of body sur- 
face area in a subject fasting and resting quietly after a good night’s sleep. 
The rate is high in children, and diminishes gradually with age ; it increases 
in certain diseases and in the presence of fever. The metabolic rate is some- 
what lower in women. Heat production goes up sharply with work and 



Fig. 4. Evaluation op Effect op MRT Elevation in Terms of Effective Tem- 
perature 

varies widely in different persons doing the same work. Figs. 5, 6, and 7 
and Table 24 of Chapter 15 give sufficient basic data for estimating heat pro- 
duction and heat loss under various conditions. 

EFFECTIVE TEMPERATURE INDEX AND COMFORT ZONES 

There is no precise physiologic observation by which comfort can be 
evaluated. Mean skin temperature offers some promise. The zone of 
thermal neutrality differs with clothing, season, activity, and all the other 
factors controlling heat production (Table 4). The comfort zone is very 
similar to the zone of thermal neutrality. 

Sensations of warmth or cold depend, not only on the temperature of 
the surrounding air as registered by a dry-bulb thermometer, but also 
upon the temperature indicated by a wet-bulb thermometer, upon air 
movement, and upon radiation effects. Dry air at a relatively high tem- 
perature may feel cooler than air of lower temperature with a high moisture 
content. Air motion makes any moderate condition feel cooler. Radia- 
tion to cold or from warm surfaces is another important factor under 
certain conditions affecting the comfort reaction of the individual. 
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Combinations of temperature, humidity, and air movement which 
induce the same feeling of warmth are called thermo-equivalent condi- 
tions. A series of studies^ at the A.S.H.V.E. Research Laboratory estab- 
lished the equivalent conditions for practical use. This scale of thermo- 
equivalent conditions not only indicates the sensation of warmth, but 
also to a considerable degree determines the physiological effects on the 



Fig. 5. Relation Between Total Heat Loss from the Human Body and Effec- 
tive Temperature for Still Air» 

* Curve A— Persons working, metabolic rate 1310 Btu per hour. Curve J?— Persons working, metabolic 
rate 850 Btu per hour. Curve C— Persons working, metabolic rate 660 Btu per hour. Curve i>~Per8on8 
seated at rest, metabolic rate of 400 Btu per hour. Curves B and D based on teat data covering a wide tem- 
perature range. Curves A and C based on test data at an Effective Temperature of 70 deg and extrapolation 
of Curves B and D. All curves are averages of values for high and low relative humidities; variation due 
to humidity is small. 


body induced by heat or cold. For this reason, it is called the effective 
temperature scale or index, and it denotes sensory heat level. 

Effective temperature is an empirically determined index of the degree 
of warmth perceived on e.xposure to different combinations of temperature, 
humidity, and air movement. It was determined by trained subjects who 
compared the relative warmth of various air conditions in two adjoining 
conditioned rooms by passing back and forth from one room to the other. 

The numerical value of the index for any given air conditions is fixed by 
the temperature of slowly moving (15 to 25 fpm air movement) saturated 
air which induces a like sensation of warmth or cold. Thus, any air 
condition has an effective temperature of CO deg, when it induces a sensa- 
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Fig. 6. Relation Between Radiation and Convection Loss from the Human 
Body and Dry-Bulb Temperature for Still Air* 

* Loc. Cit. See footnote a, Fig. fi. 



Fio. 7. Evaporative Heat and Moisture Lobs from the Human Body in Relation 
TO Dry-Bulb Temperature for Still Air Conditions* 

* Loc. Cit. See footnote a, Fig. 5. 
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Tablb 4. Gohpabison of Cohfobt Ranobb With Zons or Thbbmal Nbutkautt 


Erncrnn TumsATusi 

OniuTivs 

Timp 

Opmiuii 

Lim 

IUnoi 

^Ramoi 


ImmriQATOBi 


Comfort Zone 


Hough ten and Yaglou.. 

66 

63-71 


Winter non-basal; at rest, nor- 
mally clothed. Men and 
women. 

Summer non-basal; at rest and 

Yaglou and Drinker 

71 

66-75 


Yaglnti 

72.5 

66-82 


normally clothed. Men. 

Entire year; non-basal; at rest 
and stripped to waist. Men. 

Entire year; basal, nude. Steady 
state (9 hr exposure). Men 
and women. 

Keeton et al— 

76 

74-76 





DuBois and Hardy.... 

Winslow » Herrington 
and Gagge 


Zone of Thermal Neutrality 


75 

71.8 

73.2-76.9 

64.8-76.0 




■■■■I 


Basal; nude; men. 

Basal ; clothed ; men. 

84.0-87.8 Non-basal; at rest; nude; men. 
74 -84 Non-basal; at rest; clothed; men. 


tion of warmth like that experienced in slowly moving air at 60 F saturated 
with moisture. The effective temperature index cannot be measured directly 
but is determined from dry- and wet-bulb temperatures and air motion 
observations by reference to an Effective Temperature Chart (see Figs. 
8, 9, and 10) or tables. 

Fig. 8 gives the effective temperature for any combination of dry- and 
wet-bulb temperatures for still air (15 to 25 fpm) conditions. Charts 
similar to Fig. 8 for air velocities of 300 and 500 fpm have been presented 
in some of the earlier editions of the Guide. Fig. 9 is another form of 
effective temperature chart embodying all three variables; dry-bulb and 
wet-bulb temperatures, and air velocity. 

As stated previously, effective temperature is an index of the degree of 
warmth experienced by the body. A^n effective temperature line is, there- 
fore, a line defining the various combinations of conditions which will 
induce like sensations of warmth. It does not necessarily follow that like 
sensations of comfort will also be experienced along the entire length of 
an effective temperature line. Some degree of discomfort is likely to be 
experienced at very high or very low relative humidities, regardless of the 
effective temperature. It has also been found that the optimum effective 
temperature varies with the season, and is lower in winter than in summer. 

Tests*^ made at the A.S.H.V.E. Research Laboratory in very hot 
conditions with subjects doing light work were in very close agreement 
with the effective temperature chart. Other work^ under similar 
environmental conditions, but with subjects walking 3 mph and carrying 
20 lb packs indicated that the effective temperature lines should be more 
nearly horizontal. It therefore appears that the slope of the ET lines 
may vary depending upon the rate of work being performed. 
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Fig. 10, shows the A.S.H.V.E. Comfort Chart**. The summer and 
winter comfort zones indicate conditions under which 60 per cent or more 
of the people are comfortable. The summer comfort zone extends from 
66 ET to 75 ET; a maximum of 98 per cent of the subjects were com- 
fortable at 71 ET. The winter comfort zone extends from 63 ET to 
71 ET mih a mazimum of 97 per cent feeling comfortable at 66 ET. 
The 71 ET and 66 ET lines are referred to, respectively, as the summer 
and winter comfort lines. 

The comfort zones and lines as shown in Fig. 10 are based on research 



Fig. 8. Psychbometeic Chart, Pebsons at Rest, Normally Clothed, in Still Air 

prior to 1932. Later studies** by the A.S.H.V.E. Research Laboratory 
indicate a desirable winter effective temperature of 67 ET, and this 
finding is confirmed by current practice. The shape of the curve showing 
the per cent of subjects comfortable in winter also justifies this conclusion, 
since a drop of only one degree from the 66 ET line seriously reduced the 
percentage of subjects comfortable. Systems should be designed to 
assure comfort for the maximum possible number*^. 

The comfort zones in Fig. 10 are located between the 30 per cent and 
70 per cent relative humidity lines. There is some evidence that the 
zones could be extended somewhat beyond these limitations. 

Radiation from occupants to room surfaces and between the occupants 
has an important bearing on the feeling of w’-armth and may alter to some 
measurable degree the optimum conditions for comfort previou.sly in- 
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dicated. Since the mean radiant temperature of a space is affected by 
cold walls and windows, as well as by the warm surfaces of heating imits 
placed within the room or imbedded in the walls, these factors must be 
compensated. Likewise, in densely occupied spaces, such as classrooms. 



Note . — Both summer and winter comfort sones apply to inhabitants of the United States only. Applica> 
tion of winter comfort line is further limited to rooms heated by central station systems of the convection 
tym. ^ The line does not apply to rooms heated by radiant methods. Application of summer comfort line 
is limited to home^ offices and the like, where the occupants become fully adapted to the artificial air con- 
ditions. The line does not apply to theaters, department stores, and the uke where the exposure is less than 
3 hours. The ^timum summer comfort line shown pertains to Pittsburgh and to other cities in the northern 
portion of the United States and Southern Canada, and at elevations not in excess of 1000 ft above sea level. 
An increase of one deg ET should be made approximately per 6 deg reduction in north latitude. 


theaters and auditoriums, temperatures somewhat lower than those 
indicated by the comfort line may be desirable because of counter- 
radiation between the bodies of occupants in close proximity to each other. 
Such radiation will also elevate the mean radiant temperature of the room. 

Many field studies*® have been made to determine the optimum indoor 
effective temperature for both winter and summer in several metropolitan 
districts of the United States and Canada in cooperation with the manage- 
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ments of offices employing large numbers of workers (Fig. 11). On the 
whole women of all age groups studied prefer an effective temperature for 
comfort 1.0 deg higher than men. All men and women over 40 years of 
age prefer a temperature 1 deg ET higher than that desired by persons 
below this age. The persons serving in all of these^ studies were repre- 
sentative of office workers dressed for air conditioned spaces in the summer 
season and engaged in the customary office activity. 

On the basis of present knowledge, for different geographical regions 
and age groups, the most popular temperature varies from a low of 66 deg 
ET in winter to a high of 73 deg ET in summer. The spread for summer 
comfort is 69 to 73 deg ET. 



Fio. 11. Relation Between Effective Temperature and Percentage Observa- 
tions Indicating Comfort 

The A.S.II.V.E. Technical Advisory Committee on Sensations of 
Comfort, ascribes a spread of 3 deg in the optimum effective temperature 
for summer cooling to geographical location. However, it should be 
recognized that variations in sensation of comfort among individuals may 
be greater for any given location, as shown in Fig. 11, than variations due 
to a difference in geographical location. The available information in- 
dicates that changes in weather conditions over a period of a few days 
do not alter the optimum indoor temperature. 

Sudden chilling (shock) of persons entering a cooled and air conditioned 
space during the summer months, may at times be important. It is due 
to the rapid evaporation of perspiration which accumulated on the skin 
and in the clothing during previous subjection to hot and humid outside 
conditions. While studies” have shown that for healthy individuals 
this ahodc is not harmful under some conditions it may be unpleasant or 
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even harmful. People entering and remaining in cooled spaces for short 
periods, 15 min or less, may be satisfied with less cooling. For long 
occupancy very little deviation from the optimum effective temperature 
is indicated. 

An exit shock upon re-entering a warm atmosphere is equally plausible. 
Experiments at the A.S.H.V.E. Research Laboratory*® indicated no 
demonstrable harm to a healthy individual. Adaptation occurred 
as soon as normal perspiration was established. Mild exercise shortened 
the adaptation time. 

A great number of persons seem to be fairly content in summer with 
a higher plane of indoor temperature. Studies by the University of 
Illinois*^ in cooperation with the A.S.H.V.E. Committee on Research 
indicate that effective temperatures as high as 74.5 deg are acceptable in 
the living quarters of a residence, and while this condition is not repre- 
sentative of optimum comfort it provides sufficient relief in hot weather 
to be acceptable to the majority of users, in the interest of economy. 
Individual differences of comfort among the minority should be counter- 
acted by suitable clothing. 

Satisfactory comfort conditions for persons at work** vary depending 
upon the rate of work and the amount of clothing worn. In general, the 
greater the degree of activity, the lower the effective temperature neces- 
sary for comfort. Clothing has been evaluated for its overall insulation 
effects by a physical unit, the clo which equals 0.116 C deg per (kilogram 
calorie) (square meter) (hour)*®. Yaglou*® criticizes the concept of overall 
insulation, and points out that different parts of the body require different 
amounts of insulation. The literature on effects of clothing is difficult to 
coordinate at the present time as much of it is still in military service 
reports. When these reports are published and amplified a considerable 
amount of useful material will be available. 

For prematurely born infants, the optimum temperature varies from 
100 to 75 F, depending upon the stage of development. The optimum 
relative humidity for these infants is placed at 65 per cent*k No data are 
yet available on the optimum air conditions for full term infants and 
young children up to school age. Satisfactory air conditions for these age 
groups are assmned to vary from 75 to 68 F with natural indoor humidities. 
For children (having high metabolism) at school, in winter clothes, 70 F 
has been considered correct, while in a gymnasium 55 F has been recom- 
mended. 
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AIR CONDITIONING IN THE PREVENTION 
AND TREATMENT OF DISEASE 


Control of Airborne Infection, Value of Air Cooling Under Tropical Conditions, 
Treatment of Disease, Operating Rooms, Nurseries for Premature Infants, Fever 
Therapy, Cold Therapy, Allergic Disorders, Oxygen Therapy, General 
Hospital Air Conditioning 

T he late war caused an increase of interest in the preventive aspects of 
air conditioning. It re-emphasized the importance of the control of 
airborne infection and demonstrated the value of air cooling under tropical 
conditions for the prevention of heat rash, for promoting proper rest and 
sleep, and in the convalescence of patients. 

CONTROL OF AIRBORNE INFECTION 

The majority of airborne diseases are spread indoors where people gather. 
Any program of air sanitation is influenced by a number of factors. In 
the winter months, the closing of doors, windows and other means of access 
to the outside air to conserve warmth as well as the crowding of persons 
indoors provides conditions conducive to a high incidence of contagion. 
This seasonal phenomenon, illustrated in Fig. 1 which represents a study 
made by the U. S, Public Health Service^ will concern the ventilating 
engineer in so far as air quality, determined by temperature, humidity, air 
replenishment and type of air movement and by freedom from contamina- 
tion, is a major intrinsic factor. Apart from the seasonal picture of air- 
borne contagion are such extrinsic factors as rate of turnover of personnel 
and the marked susceptibility of the recruit in comparison with permanent 
personnel^ as shown in Fig. 2 by studies of military personnel housed in 
barracks. These extraneous variables and the factor of contact infection 
(direct spray) tend to complicate any evaluation of the effectiveness of 
air sanitation for elimination of micro-organisms in droplet-nuclei and drop- 
let-dust. Thus, control measures may eliminate consistently 90 per cent 
of airborne organisms in laboratory tests, but cannot effect a decrease in 
actual incidence of infection exceeding 30 per cent. Thirty per cent may 
be the maximal reduction in infection possible by air treatment methods. 
The distinction should be clearly drawn, therefore, between the effective- 
ness of a procedure in laboratory tests and its effectiveness and applicability 
in actually reducing the incidence of airborne disease. On the other hand, 
recent studies suggest that inhalation of dust borne bacteria is more im- 
portant than direct inhalation of infectious droplets or droplet nuclei in 
the spread of respiratory tract infections^. 

The following sequence of events has been postulated as occurring in 
a large proportion of intra-ward infections: (a) ejection of relatively 
large protected infective particles from patients, (6) rapid venting or 
settling of these particles so that those remaining airborne are' in low con- 
centration, (c) survival of infective particles to permit the accumulation 
of high concentrations on surfaces, (d) repeated reintnxluction of infective 
particles into the air under the stimulus of ward activities or by air currents 
of the order of 50 fpm over the floor, and (e) extension of infective areas by 
air turbulence throughout the ward or hospital. The most important link 
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in this probable infection chain has been demonstrated to be the reintro* 
duction of particles into the air*. 

Intensive studies on air disinfection have indicated two distinct control 
measures, (a) suppression of dust and lint, and (b) disinfection of droplet- 
nuclei. 

Well controlled, large scale tests of the various methods of air sterilization 
conducted in barraclu*- * have confirmed the importance of dust control 
in minimizing the spread of airborne disease, a consideration which has 
^ded the practices of ventilating engineers for a number of years. The 
importance of the dust factor has been emphasized by many engineers and 



Occurrence of diseasee caueing disability for 8 consecutive days or longer in a group of 100,000 wage 
earners (10 per cent women) in different industries. 

* Graph obtained from Dean K. Brundage, U. S. Public Health Service. 

Fig. 1. Study of Average Monthly Frequency (1921-1926 inclusive) of Specified 

Respiratory Diseases* 


has been convincingly demonstrated by subsequent bacteriologic studies 
aboard ships. 

Treatment of floors and bedclothes with oil emulsions has proved effec- 
tive in reducing bacterial dispersion by as much as 90 per cent in Army 
barracks and station hospitals*. The incidence of acute respiratory in- 
fections was from 10 to 30 per cent lower in barracks with oiled floors and 
bedclothes than it was in control barracks which received no special treat- 
ment. More recent studies, however, have yielded inconsistent results. 

An emulsifying mixture, Fixanol C containing cetyl pyridinium bromide, 
when incorporated in the oil-in-water emulsion imparted a bactericidal 
action to the emulsion. Blankets^ treated with this substance and oil 
became bactericidal and retained this property for as long as three months. 
The possibility of hypersensitivity of an occasional individual to bromide 




Air Conditioning in Prevention and Treatment of Biseaae 


235 


drugs should be borne in mind when exposing large groups to treated gar- 
ments or blankets*. 

No simple method for disinfecting droplet-nuclei has yet been devised. 
Under favorable laboratory conditions, propylene glycol in concentrations 
of 0.07 to 0.14 milligrams per liter, and triethylene glycol in a concentra- 
tion of 0.0045 milligrams per liter were highly germicidal for most air- 
borne bacteria in clean air when the relative humidity was between 40 and 
60 per cent*' *. Apparatus for the production of glycol vapor and an 
independent duct system for carrying this vapor and diluting air for large 
rooms or spaces and imit type vaporizers for small spaces have been de- 
scribed recently®. There is tdso available a device for the automatic regula- 
tion of glycol vapor in the air called the glycostat. This instrument has 
been calibrated to measure the degrees of saturation of the air with glycol 
vapor by direct reading of the variations in the intensity of li^t reflected 
from the glycol condensing surface of the wheel of the instrument**. Under 



Fia. 2. Monthly Incidence of Acute Rbspibatort Illness Among Naval 
Recruits and Skip’s Company (Permanent Personnel) ‘ 


practical conditions, however, particularly in the presence of dust in the air, 
glycol effectiveness is much reduced. The use of other chemical aerosols 
that have been tried is limited by their toxicity, odor, or destructiveness to 
fabrics and metals. 

Ultraviolet radiation of floors and upper air has been studied extensively 
at the Naval Training Center, Sampson, N. Y. In barracks housing naval 
recruits, hospital admissions for respiratory infections (mostly catarrhal 
fever) were 25 per cent lower in a group of men exposed to ultraviolet 
radiation — (2537 Angstrom Units, 1 to 7 ergs per (cm*) (sec) at bed level) — 
than they were in adjacent control barracks ivithout ultraviolet radiation**. 
Sources of ultra violet radiation should be so situated as to protect the 
eyes of the occupants of the room from direct or reflected rays. A com- 
bination of ultraviolet radiation and dust control measures is believed 
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to be more effective than when either one of the two is used alone, but the 
proof for this has yet to come. 

The present status (1947) is admirably reviewed by the Committee on 
Sanita^ Engineering of the National Research CoundV^y and by a sub- 
committee of the American Public Health Assodalwn^^. Both com- 
mittees feel that the problem of air disinfection is still in the experimental 
stage. 

More experimentation is needed for arriving at a definite conclusion 
concerning its use in industry and public buildings. 

VALUE OF AIR COOLING UNDER TROPICAL CONDITIONS 

The commissioning of a class of naval hospital ships with all wards, 
laboratories and living spaces air cooled is a notable achievement to pro- 
vide better treatment of patients, especially those suffering from extensive 
burns, by control of environmental factors. Although statistics are not 
at hand to indicate the deaths or retarded recoveries of patients due to lack 
of air cooling in ships operating in tropical waters, it is generally agreed 
among competent observers that high temperature and humidity are major 
factors in prolonging disability and increasing mortality of the sick and 
injured. Physiologic data obtained on healthy men, moreover, show the 
large loss of body fluids and the stress on the cardiovascular system in terms 
of increased pulse rate when these men are continuously subjected to high 
temperatures. Even at rest about 50 cc of fluid per hour are lost as sweat^^ 
through intact skin. In burn patients the difficulty, encountered in tem- 
perate climates, of maintaining fluid and electrolyte balance is tremendously 
augmented by the additional evaporative fluid loss in hot environments. 

Frequently from 50 to 75 per cent of personnel aboard naval vessels 
operating in tropical waters are afflcted with heat rash to a degree that 
interferes with rest and sleep. In carefully controlled experiments^^ it 
was possible to produce a fulminating type of rash in all men living con- 
tinuously at an effective temperature of 85 (90 F dry-bulb and 83 F wet- 
bulb). In the control group, 12 out of 24 hr were spent in a relatively cool 
atmosphere of 75 ET (80 F dry-bulb, and 70 F wet-bulb). These men 
either remained free from heat rash or occasionally developed a mild form. 
Thus, intermittent cooling to a degree which prevented sweating in men 
at rest eliminated a serious handicap to good performance of duty. 

In both laboratory tests and aboard hospital ships a relatively cool living 
environment of 76 to 78 ET provided an atmosphere conducive to rest and 
sleep without excessive sweating. Berthing spaces tended to have ex- 
tremely low odor levels. Motivation, initiative and alertness, in contrast 
to the usual irritability and lack of incentive incident to residence in tropical 
chmate, were maintained^®. 

Little has been done, however, to obtain practical methods for application 
of air conditioning under heavy heat loads and on the enormous scale that 
would be needed to modify life in the tropics. It is not improbable that 
cooled houses in a tropical climate, if used consistently for one generation, 
might modify the whole character of a population. The obvious advan- 
tages of part time cooling on personnel to promote rest and sleep in tropical 
areas would provide a prophylactic measure of great potential importance. 

TREATMENT OF DISEASE 

In the past few years considerable progress has been made in using air 
conditioning as an adjunct in the treatment of various diseases. Among 
the important applications are those in operating rooms, nurseries for 
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premature infants, maternity and delivery rooms, children’s wards, clinics 
for arthritic patients, heat therapy, cold therapy, oxygen therapy. X-ray 
rooms, the control of allergic disorders, and for the physiological effects in 
industry. 

A 

OPERATING ROOMS 

The widest application of air conditioning in hospitals is in operating 
rooms. Complete air conditioning of operating wards is important be- 
cause winter humidification helps reduce the danger of anestWic gases; 
summer cooling with some dehumidification tends to eliminate excessive 
fatigue and to protect the patient and operating personnel; and finally, 
filtering aids the removal of allergens from the operating room air. 

Reducing Explosion Hazard 

Explosion hazards in operating rooms began with the introduction of 
modem anesthetic gases and apparatus. Ether administered by the old 
drop method gives rise to an explosive mixture, but in practice this method 
is still regarded as comparatively safe. When ether is mixed with pure 
oxygen, or nitrous oxide in certain concentrations, the explosion hazard 
may be as great as with ethylene-oxygen, or cyclopropane-oxygen mixtures. 

Of the anesthetic gases nitrous oxide alone does not explode but supports 
combustion. Ether, vinyl ether, ethylene, and cyclopropane are as poten- 
tially dangerous as gasoline or illuminating gas in the home^®. Chloroform 
does not explode violently in contact with flame but decomposes to liberate 
phosgene. All of the anesthetic gases and vapors except ethylene are 
heavier than air. Although the incidence of injury or death from explosion 
is negligible compared with other hazards in the operating room, the dra- 
matic features surrounding an explosion justify continued investigation 
to eliminate the hazard. 

During the course of ethylene anesthesia, the mixture, usually 80 per 
cent ethylene and 20 per cent oxygen, is so rich that the danger of explosion 
is slight in the immediate vicinity of the face mask, but leakage of ethylene 
into the air may accumulate to any lower concentration, and thus introduce 
a serious hazard. The most dangerous period is at the end of the operation 
when the patient’s lungs and the anesthesia apparatus are customarily 
washed out with oxygen with or without the addition of carbon dioxide. 
Even when this procedure is omitted, it is difficult in practice to avoid 
dilution of the anesthetic gas with air during the normal course of breathing 
following the administration. In either case the mixture would pass 
through the explosion range and extraordinary precaution is necessary for 
the safety of the patient and operating personnel. 

In a study^^ of 230 anesthetic explosions and fires, 70 per cent of the ex- 
plosions and 60 per cent of the deaths were caused by igniting agents other 
then static sparks. In 1941 the National Fire Protection Assodalion^^ 
made certain recommendations for safe practice based on available infor- 
mation. Some of these recommendations are : 

Windows should be kept closed so that the air conditioning system can 
prevent pooling of explosive anesthetic gases. Twelve air changes per 
hour and a humidity of 55 per cent are advised. If a higher humidity were 
compatible with the well being of the patient and personnel, it should be 
maintained. All electrical installations should comply with the standards 
set by the National Electrical Code for use in explosive situations. Cautery 
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equipment ^ould not be used in hazardous locations. To prevent static 
sparks, all bodies in an operating room should be conductive or coupled. 
It is essential that adequate grounding be provided for the floor and every 
object in the operating room. Conductive rubber should be used on shoes, 
leg tips, operating table coverings and all rubber parts of the anesthesia 
equipment. All furniture in contact with the floor should be metal. In 
the absence of complete grounding facilities, the simple method of inter- 
coupling patient, operating table, anesthetist and gas machine at ground 
potential may be used. 

Experience has shown that neither high humidity nor intercoupling 
devices have eliminated the danger from static electric discharge. The 
removal of gas concentrations from the operating table area by means of 
specially devised exhaust ventilation should be thoroughly tested. Port- 
able duct systems as installed aboard ship should be acceptable. Serious 
explosions can occur in a closed system but proper precautions will reduce 
this hazard to a minimum. 

It should be realized that when a room and the occupants have been com- 
pletely grounded there is always the possibility that the patient or the 
operator might receive a dangerous shock if a short circuit developed in any 
of the electrical equipment. 

A comprehensive study of the explosion problem and of the general causes 
and prevention of operating room hazards by the University of Pittsburgh^ 
the A.S.H.V.E. Research Laboratory, and the U. S. Bureau of Mines has 
led to a fruitful attempt to eliminate the explosive range of cyclopropane, 
one of the best but most diflicult gases to handle. The use of helium as a 
diluent in the total gaseous mixture controls the oxygen concentration by 
displacement and, because of its flame quenching properties, it is the ideal 
gas for this purpose. In addition, a gaseous nxixture containing helium 
is more difficult to ignite by electric discharges and this quality also in- 
creases the safety factor of anesthetic administration. 

Operating Room Conditions 

Little is known about optimum air conditions for maintaining normal 
body temperatures during anesthesia and the immediate post-operative 
period. An anesthetized patient displays dilation of blood vessels in 
the skin resulting in profuse sweating and (it has been believed) inability 
to regulate body temperature. From this it was concluded that all anes- 
thetized patients suffered considerable heat loss, although there may be 
little more than 0.8 F variation in the rectal temperature during the course 
of the operation". The severe physiological effects, such as excessive 
sweating and rapid pulse, of high operating room temperatures on attend- 
ants and patients during the hot months signify the need for proper cool- 
ing. A comparison of surgeons’ statements who operate in both air con- 
ditioned and non-air conditioned rooms strongly indicates that the recupera- 
tive power of the patient is greater when operated upon in air conditioned 
rooms**. 

Although the comfortable air conditions for the operators are not identi- 
cal with those for the patient, it is usually not difficult to compromise within 
a range of 55 to 60 per cent relative humidity and 72 to 80 F temperature. 
The work just cited reported that 68 to 70 F effective temperature not only 
furnished comfort for the operating room workers, but apparently pre- 
vented exhaustion of the patient as evidenced by rapid convalescence in 
the recovery ward. Additional heat may be furnished to the patient 
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locally or by suitable covering according to body temperature in individual 
cases. 

In the control of airborne infection in the operating room the prevention 
of dispersal of infectious materials into the air, control of dust and proper 
ventilation supersede attempts to re&ove or kill pathogenic organisms. 
The bacterial content of conditioned operating rooms is generally lower 
than that of non-conditioned rooms. 

Bacterial counts aboard an air conditioned submarine were found to be 
exceptionally low and not cumulative with time although all of the air 
was recirculated for more than 12 hours*® without replenishment. The 
removal of bacteria by the process of air cooling and condensation of mois- 
ture out of air merits further study**. 

The degree of air contamination can be reduced by proper ventilation 
if velocity of air over the floor does not exceed 50 fpm. Research is in 
progress on the use of filtered air flowing through a system of mechanical 
cleaners whicht protect the patient against infection from attendants and 
from bacteria-containing air in the corridor or ward**. 

Operations are frequently postponed on allergic patients during asthmatic 
manifestations through fear of complications. iTie removal of air-bome 
allergens, therefore, is in some cases an important function of the air con- 
ditioning system in preparing patients for operation. 

Central system air conditioning plants and unit air conditioners prove 
satisfactory in operating rooms when producing between 8 and 12 air 
changes per hour of filtered and properly conditioned air without recircu- 
lation during the course of anesthesia. A separate exhaust fan system is 
usually necessary to confine and remove the gases and odors. Double 
windows are desirable and often necessary to prevent condensation and 
frosting on the glass in cold weather and to minimize drafts. The air flow 
of 8 to 12 air changes in operating rooms should: (1) reduce the concen- 
tration of the anesthetic to well below the pharmacologic threshold in the 
vicinity of the operating personnel, (2) remove the great amounts of heat 
and sometimes moisture, from sterilizing equipment if inside the operating 
room, from the powerful surgical lights, from solar heat, and from the 
bodies of the operatives, and (3) provide extra capacity for quickly pre- 
paring the room for emergency operations. Much can be gained by ther- 
mal insulation of sterilizing equipment and by thorough exhaust ventila- 
tion of sterlizing rooms adjoining the operating rooms. An air conditioned 
recovery ward in connection with the air conditioned operating room is of 
great value in stabilizing peripheral circulation and in reducing excessive 
loss of fluids on hot humid days. 

NURSERIES FOR PREMATURE INFANTS 

One of the most important requirements in the care of premature infants 
is the stabilization of body temperature. This is necessary because infants’ 
heat regulating systems are not fully developed ; the metabolism is low and 
the infants generally exhibit marked inability to maintain normal body 
temperatures. The resistance to infection is low and mortality rate high. 

Air Conditioning Requirements 

The optimum air conditions for growth and development of premature 
infants were determined by extensive research** at the Children’s Hospital, 
Boston, Mass., using four valid criteria, namely, stability of body tempera- 
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ture, gain in weight, incidence of digestive syndromes, and mortality. 
Individual temperature requirements varied widely (from 72 to 100 F) 
according to the constitutional state of the infants and body weights. 
The optimum relative humidity was about 65 per cent, and the air move- 
ment less than 20 fpm. 

A single nursery conditioned to 77 F and 65 per cent relative humidity 
was found to fulfill satisfactorily the requirements of the majority of pre- 
mature infants. Additional heat for weak (or debilitated) infants may be 
furnished in the cribs or by means of electric incubators placed inside the 
conditioned nursery, and the temperature adjusted according to individual 
requirements. In this way multiplicity of chambers and of air conditioning 
apparatus is obviated ; the infants in the heated beds derive the benefit 
of breathing cool humid air, and the nurses and doctors need not expose 
themselves to extreme conditions. 

Importance of Humidity : Although external heat is an important factor 
in the maintenance of normal body temperature, humiditv appears to be 
of equal or greater importance. When the premature imrseries at the 
Children’s Hospital were kept at relative humidity between 25 and 50 
per cent for two weeks or longer, the body temperature became unstable, 
gain in weight diminished, the incidence of gastro-intestinal disturbances 
increased, and the mortality rose. On the other hand, continuous ex- 
posure to air conditions vrith 55 to 65 per cent relative humidity gave 
satisfactory results over a period of years. The initial physiologic loss of 
body weight (loss occurring within first four days of life) was found to 
vary inversely with the humidity. In the old nurseries with natural humid- 
ity it averaged 12.4 per cent of the birth weight ; in the conditioned nur- 
series it was 8.9 per cent with 25 to 49 per cent relative humidity, and 6.0 
per cent with 50 to 75 per cent relative humidity. The number of days 
required to regain the birth weight was correspondingly maximum in the 
old nursery and minimum in the conditioned nurseries under high humidity. 

Maximum gains in body weight occurred in the conditioned nurseries 
under high humidity (55 to 65 per cent) in infants weighing less than 5 lb. 
The gains were less under low humidity (25 to 50 per cent) in the same 
nurseries, and in the old nurseries prior to the installation of air conditioning 
apparatus. 

The incidence and severity of digestive syndromes, with diarrhea, per- 
sistent vomiting, diminishing gain or loss of body weight, and other symp- 
toms, were generally from two to three times as high under low as under high 
humidity. 

Summarizing, the best chances for life in premature infants are created 
by maintaining a relative humidity of 65 per cent in the nursery and by 
providing a uniform environmental temperature just suflSciently high to 
keep the body temperature within normal limits. Medical and nursing 
care are, of course, factors of equal and sometimes of greater importance. 

Air Conditioning Equipment 

Many of the installations now in use are of the central system type pro- 
viding for filtration, for humidification and heating in cold weather, and 
for cooling and dehumidification in hot weather. A ventilation rate, be- 
tween 8 and 12 air changes, is desirable to remove odors and maintain uni- 
formity of temperatures in extremes of weather. Recirculation should not 
be used in these wards owing to odors and the possibility of infection. 
There should be a frequent change in spray water. 
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Control of Airborne Infection 

The protection of the premature and older infant against infection is 
of the utmost importance. It was found in one installation equipped with 
air conditioning, germicidal lights and mechanical barriers that air con- 
ditioning alone did not prevent the spread of respiratory cross-infections. 
Bactericidal ultraviolet light barriers and air conditioning or mechanical 
barriers and air conditioning were efficient*^. 

FEVER THERAPY 

Artificial production of high fever in man can be considered an imitation 
of nature’s way of overcoming invading pathogenic organisms. The action 
may be direct and specific by destruction of the invading organism within 
the safe limit of human temperatures, or indirect in the case of heat re- 
sistant organisms, by general mobilization of the defensive mechanisms of 
the body. 

Although the action may be direct and specific by destruction of the 
invading organisms within the safe human limits, fever therapy exerts 
much of its benefit through the improvement of the mechanism of bodily 
defense. A serious challenge to the theory on which fever therapy is based 
comes from the demonstration that high fever causes a reduction in the 
concentration of circulating antibodies in experimental animals. 

Patients for fever therapy should be carefully selected. The most serious 
complications which may arise are heat stroke, heat exhaustion and cir- 
culatory collapse. The chief minor complications are heat cramps, fever 
blisters and mild dehydration. 

The limits of induced systemic fever are usually between 104 and 107 F 
(rectal), and the duration from 3 to 8 hours at a time. The total period 
of fever treatment varies with the type of the organism involved. 

The diseases which respond favorably to artificial fever therapy are 
gonorrhea and its complications (which include arthritis, pelvic infections 
in women, and involvement of the eye), syphilis and chorea. 

The most striking results are seen in gonorrhea and syphilis, since the 
causative organisms can be destroyed at temperatures compatible with 
human life. However, the use of fever therapy has decreased since peni- 
cillin has been found so effective in the treatment of gonorrhea and syphilis. 
Mild fever, up to 101 F for one hour has recently been used in the treatment 
of rheumatoid arthritis. This degree of fever is not bactericidal but is 
believed to stimulate the body defense mechanism. 

Equipment for Production of Fever 

Artificial fever can be induced by injections of various crystalloid or 
colloid substances, bacterial products of typhoid and malarial organisms, 
or by physical methods using hot baths, radiant heat cabinets, hot humidi- 
fied air cabinets, or by short w’ave diathermy in combination with a cabinet. 

The relative advantages of various methods have been evaluated cUn- 
ically^. Among the devices for the production of fever by physical means, 
the one most widely used is the hot humid air or air conditioned cabinet. 
This apparatus was developed at the Kettering Institute for Medical Re- 
search at Miami Valley Hospital in Dayton, Ohio. 

In the earlier studies of the Society, temperatures were elevated more 
easily using saturated atmospheres. A fever therapy apparatus^ using 
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these same principles has proved efficient as a means of inducing and main- 
taining fever in a body with small likelihood of bums because of the com- 
paratively low dry-bulb temperatures. 

When heat is necessary in treating legs or arms, such media as short or 
long wave diathermy, micro-waves, infrared, water baths, etc. have been 
used extensively. A recent development, a saturated atmosphere heating 
unit, similar to one previously described has proven satisfactory, because 
heat may be administered over longer periods which render deep heating 
possible without fear of burns or shocks. Local heating has been somewhat 
satisfactory in relieving the painful s3maptoms of peripheral vascular 
disease. 

This procedure, however, is not without danger. Elevation of tissue 
temperature increases cell metabolism and the need for oxygen. The 
inadequate blood supply and oxygen deficiency may lead to tissue death 
or gangrene. Application of heat to the trunk or abdomen with conse- 
quent reflex dilatation of the vessels of the extremities eliminates this dan- 
ger of local heat application. 

Short wave diathermy within the cabinet during the induction phase has 
been used. When the desired body temperature has been reached by elec- 
trical induction, the atmosphere of the enclosure is kept at saturation to 
prevent heat loss, thus maintaining the patient’s temperature at the de- 
sired point. The two underlying principles in the production of fever by 
the hot, humid air cabinet are : (1) the transfer of heat by conduction from 
the circulating hot air to the body and (2) prevention of heat loss. The 
latter is more important. In an atmosphere of high humidity, the heat 
loss by evaporation is markedly decreased. 

COLD THERAPY 

Cold as an anesthetic agent was advocated by Allen several years ago-'. 
Freezing of the tissue must be avoided. For certain patients, in whom am- 
putation of an extremity is indicated, the application of a tourniquet with 
cooling of the affected extremity down to near freezing (5C or 40F) is of 
value. The patient, following this procedure can be prepared for surgery 
without the handicap of absorption of septic products and severe pain. 
This procedure has proven especially valuable in the neglected diabetic 
patient with an infected gangrenous extremity. Time for treatment of 
coma and hydration of the patient is gained. However, if amputation 
of an extremity is not indicated, the application of a tourniquet and pack- 
ing in ice are dangerous procedures since loss of the limb usually results. 
An extremity with inadequate blood supply can be readily cooled with- 
out the use of a tourniquet but such an extremity is also usually even- 
tually lost. Theoretically, cooling is said to reduce the metabolism of the 
tissue with suspension of the vital processes. It also reduces the blood 
flow to practically zero and few extremities with inadequate blood supply 
remain viable or recover. 

Packing in ice or use of low temperatures is contra-indicated in the treat- 
ment of patients with frostbite, immersion foot or trench foot. The affected 
extremities should be exposed to the air in a cool room and not rubbed with 
snow or packed in ice. The lowering of temperature by packing the body 
in ice for treatment of cancer has not proven successful. 

The methods used for refrigeration depending upon available facilities 
are as follows^: 
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(1) Cracked or shaved ice which is simple and has the advantage of not freezing 
tissues. However, it is cumbersome and sloppy to handle and is unsuited to pro- 
longed treatments. 

(2) Use of ice in a pail for immersion of local parts. 

(3) Special boxes for holding ice with padded or curtained^ openings for the limb. 

(4) Bare ice bags and cloth bags for iced wet dressings for prolonged treatments 
and convenience. 

(5) A double chambered cabinet using dry ice has been constructed. 

(6) Electrical refrigerating apparatus, consisting of a compact noiseless unit that 
pumps fluid to various types of applications, is available. The applicators may be 
in the form of blankets containing rubber tubes suitable for covering the entire body 
or all or part of a limb. Special applicators are available for insertion into various 
body cavities and for inducing dental anesthesia. 

(7) An air chamber at regulated temperature for treatments of frostbite and im- 
mersion foot, and amputation stumps. 

The electrical apparatus is costly but has the advantages of thermostatic 
regulation, light weight, freedom of movement, and permits prolonged 
treatments with heat as well as cold over the range of temperatures thera- 
peutically desirable. 

ALLERGIC DISORDERS 

Hay fever, asthma, eczema and contact dermatitis are classified as 
allergic disorders. The allergic individual responds to contact with a 
variety of substances, which are innocuous to a non-allergic person, with 
severe manifestations of hypersensitivity. 

These substances are knoA^m as allergens and consist of airborne irritants 
such as dusts, molds, feathers, pollens, animal dander and others; of food 
protein such as milk, wheat, eggs, etc., or of simple chemicals brought in 
contact with the skin. They may enter the body by various routes of 
which inhalation is the most common type. Ingestion of offending food 
substances is not infrequent. 

The offending substance reacts with the sensitized cells of the mucous 
membranes or skin. During this reaction, histamine or a histamine-like 
substance is released which causes (a) increased capillary permeability, (b) 
secretion of mucus and (c) muscular contraction. In the eyes and nose 
this produces itching, redness and lacrimation or rhinorrhea, in short, the 
symptoms of hay fever. In the lungs it causes, in addition to the secretory 
response, a contraction of the smooth muscles of the bronchi resulting in 
bronchial asthma. 

It is commonly known that non-specific environmental factors such as 
dust irritating gases, change of temperature and humidity may precipitate 
asthmatic attacks in allergic subjects even in the absence of exposure to 
specific allergens. It is assumed that the presence of frequent allergic 
bronchial constriction renders the smooth muscles of the bronchi so sensi- 
tive to various non-specific stimuli that the threshold of their response to 
such irritation is considerably lower than that of a non-allergic individual. 

Air Conditioning Apparatus 

Of all the measures to relieve a specifically sensitive individual, elimina- 
tion of exposure to the responsible allergen is the most efficient though not 
always a practical form of treatment. In recent years considerable effort 
has been made to accomplish such elimination by removal of respiratory 
allergens from the air of enclosures by filtration or other air conditioning 
processes. 

Paper or cloth filters, mounted in inexpensive window or floor units, 
prove quite satisfactory in many cases, but since dust and smoke frequently 
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cause asthmatic attacks, it is desirable that an air filter, to be of full value 
in the treatment of asthma, should remove all possible dusts and pollens 
regardless of size or amount. Electrostatic air cleaners are more efficient 
than most commonly used types for capturing very fine dust. 

Although the chief remedial factor in the treatment by conditioned air 
is the filtration of pollen, a certain amount of cooling and dehumidification 
appears to be desirable. A comfortable temperature between 70 and 75 F 
and a relative humidity well below 60 per cent proved satisfactory**. 
Direct drafts, overcooling or overheating are apt to initiate or aggravate 
the symptoms. 

Limitations of Air Conditioning Methods 

The results obtained with air filtration or other air conditioning processes 
in the control of allergic conditions are fairly comparable to those obtained 
by desensitization treatment so long as the patients remain in the pollen 
free atmosphere. For all practical purposes filtration gives only tem- 
porary relief. In mild cases sleeping in an air conditioned space may make 
it possible for the individual to pass more comfortable nights. With rare 
exceptions, the symptoms recur on exposure to pollen laden air. Moreover 
the usefulness of air conditioning methods is limited because all cases are 
not caused by air-borne substances. Cases of bacterial asthma do not 
respond to treatment with filtered air. 

Despite these limitations air conditioning methods possess definite ad- 
vantages in the simplicity of treatment, convenience, and under certain 
conditions almost immediate relief*®. Pollen cases are usually relieved of 
most of their symptoms within 1 to 3 hr after exposure to properly filtered 
air. A pollen-free atmosphere is especially valuable when desensitization 
has given little or no relief, and when desensitization is not advisable owing 
to intercurrent illness. 


OXYGEN THERAPY 

Oxygen therapy is used to prevent or relieve anoxia. Some of the more 
important clinical conditions in which oxygen treatment is beneficial in- 
include pneumonia, severe anemia, cardiac decompensation, pulmonary 
atelectasis, asphyxia and asthma. The effectiveness of oxygen therapy is 
dependent on the concentration of the oxygen in the inspired air or the 
partial pressure of oxygen in the pulmonary alveoli. 

Oxygen is usually administered by nasal catheter, face mask or tent*®. 
The necessity of air conditioning in oxygen therapy arises from the fact 
that oxygen is too expensive a gas to waste in the ventilation of oxygen 
tents and oxygen chambers. Air conditioning is applied to the oxygen 
tent or chamber through reconditioning of the atmosphere in a closed 
circuit. Excessive heat, moisture and carbon dioxide are removed. 

Oi^gen Tents 

In oxygen tents the air enriched with oxygen is usually circulated by 
means of a small motor blower which sends the air over soda lime to remove 
carbon dioxide and then over ice to remove excess heat and moisture. 
The concentration of oxygen in the tent is regulated by means of a pressure 
reducing valve and flow meter. In an inadequately cooled tent, high tem- 
peratures and humidities are inevitable, increasing the discomfort of the 
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patient and imposing an added strain on an already overburdened heart. 
Oxygen therapy under such conditions may do more harm than good. An 
ice melting rate of approximately 10 lb per hour gives satisfactory results in 
patients with fever in a medium size oxygen tent. 

Oxygen tents are confining to the paliient. They may terrify the restless 
and delirious patient. Medical and nursing care is complicated, as the 
tent must be opened or removed with attendant loss of oxygen. Oxygen 
concentrations of 50 per cent or more are difficult to maintain, and it is a 
problem to keep the temperature and humidity low enough in hot weather. 
However, with attention to details, the patient can be made quite com- 
fortable. 

Oxygen Chambers 

The conventional oxygen chamber is an air-tight sheet metal enclosure 
of fire-proof construction, large enough to accommodate one or two patients. 
Trap doors or curtains are provided for the personnel, food and service, 
to avoid loss of oxygen. Glass vandows in the ceiling and vralls admit 
light from outside the chamber. The air conditioning system may be of 
the gravity type, or of the fan type using mechanical refrigeration or air 
drying agents. 

The temperature and humidity requirement in oxygen therapy depends 
primarily upon the physical condition of the patient, and secondarily upon 
the type of disease. In pneumonias®^ prescribed conditions should be a 
temperature of 60 to 75 F, humidity 20-50 per cent, moderate air move- 
ment, oxygen concentration of 50 per cent, and carbon dioxide of less than 
one per cent. 

Oxygen in Aviation 

An important application of the principle of oxj^gen therapy is in aviation. 
At the present time all high altitude military airplanes in this country are 
provided with gaseous oxygen equipment and military personnel are re- 
quired to utilize oxygen at all times while in flight above 15,000 ft, or be- 
tween 12,000 to 15,000 ft for longer than two hours, or between 10,000 
to 12,000 ft for longer than six hours. The use of oxygen in commercial 
aviation will depend on the height and duration of the flights as w^ell as the 
state of health of the passengers. The necessity for portable, comfortable 
equipment, the possible fire hazards due to smoking, and the use of oxygen 
on sleeper planes are some of the difficulties facing civil airline operators. 
The pressure cabin airplane is a solution to the problem. 

GENERAL HOSPITAL AIR CONDITIONING 

Complete conditioning of a large hospital involves a capital investment 
and running expenses which may not be justified. In clean and quiet 
districts, the requirements of almost all general and private wards during 
the cool season of the year can be satisfactorily fulfilled by the use of con- 
ventional heating equipment in conjunction with window^ air supply and 
gravity or mechanical exhaust. Insulation against heat and sound is much 
more important than humidification in mnter; it will also help in keeping 
the building cool in warm weather. Excessive outside noise and dust may 
require the use of silencers and air filters in the openings. 

Cooling and dehumidification in warm weather are important. In new 
hospitals particularly, the desirability of cooling certain sections of the 
building should be given serious consideration. Financial reasons may 
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preclude the cooling of the entire building, but the needs of the average 
hospital can be met by the use of built-in room coolers and a few portable 
units which can be wheeled from ward to ward when needed. 

In the North and certain sections of the Pacific Coast, cooling is needed 
but a few days during siunmer, while in the South, it can be used to ad- 
vantage from May to October, and in tropical climates almost continuously 
throughout the year. 

F. L. Grocott of the Anglo-Iranian Oil Co. states that in Iran, the medical 
staff after 10 years experience with air conditioning, demand a uniform 
environment of 75 F and 50 per cent relative humidity (70 ET) under all 
summer outside conditions for general wards and treatment rooms and 70 
F with 30 to 50 per cent relative humidity (65-66 ET) for winter conditions. 
In the operating rooms, 70 F and 50 per cent relative humidity (66 ET) is 
demanded all the year ’round, although the annual external range is 40 F to 
120 F. No ill effects have been noted in the medical personnel though they 
are exposed to changes from external to internal conditions many times 
daily. Temperature shock in either direction seems to create discomfort 
for a short interval but if the individual is in good health, no injury re- 
sults**. 

Aside from comfort and recuperative power of the patients, cooling is 
of great assistance in the treatment of fevers in the new-born and in post- 
operative cases, in enteric disorders, fevers, heat stroke, heart failure, 
thyroid crisis, and in a variety of other ailments which often accompany 
summer heat waves. 

Problem of Odors 

The evacuation of battle casualties in aircraft and their subsequent 
hospitalization have stimulated efforts to minimize odors arising from drain- 
ing wounds, old odorous casts, and gangrenous wounds. For aircraft, 
chemical sprays and vapors, perfumes, oxidizing gases and ventilation 
methods are unsatisfactory. An ideal deodorant would purify the air by 
means of odor adsorption so that subsequently the air can be recirculated. 
Based upon the effectiveness of activated carbon commercially and in- 
dustrially to adsorb odors, individual adsorption units have been used 
successfully. In hospital wards the question of superiority of adsorption 
methods for elimination of odors over other methods remains to be an- 
swered. The present status of the problem is that the commercial aspect 
is highly controversial. 
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Infiltration Loss, Selection of Wind Velocities, Auxiliary Heat Sources, 
Intermittently Heated Buildings, Residence Heat Loss Problems 


I N the design of a heating system, an estimate must be made of the 
maximum probable heat loss of each room or space to be heated, based 
on maintaining a specified inside air temperature during periods of design 
outdoor weather conditions. The heat losses may be divided into two 
groups, namely (1) the transmission losses or heat losses through the 
confining walls, floor, ceiling, glass or other surfaces and (2) the infiltration 
losses or heat losses due to air leakage through cracks and crevices, around 
doors and windows, opening of doors and windows, or heat required by 
outside air used for ventilation. 

GENERAL PROCEDURE 

The general procedure I’or caculating heat losses of a structure is: 

1. Select the design outdoor weather conditions: temperature, wind direction and 
wind velocity. The data on climatic conditions given in Table 1 and the isotherms of 
average design temperature in Fig. 1 will be useful but should be applied with judg- 
ment as suggested in the section Design Outdoor Weather Conditions. 

2. Select the inside air temperature, at the 60-in. breathing line or the 30-in. line 
which is to be maintained in each room during the coldest weather. (See Table 2). 

3. Estimate temperatures in adjacent unheated spaces and the attic. The attic 
temperature need not be estimated if the combined roof and ceiling coefficient is used. 

4. Select or compute the heat transmission coefficients for outside walls and glass; 
also for inside walls, floors, or top-floor ceilings, if these are next to unheated space; 
include roof if next to heated space. (See Chapter 6). 

5. Measure amount of net outside wall, glass and roof next to heated spaces, as well 
as any cold walls, floors or ceilings next to unheated space. Such measurements are 
made from building plans, or from the actual building, using inside dimensions. 

6. Compute the heat transmission losses for each kind of wall, gl^s, floor, ceiling 
and roof in the building by multiplying the heat transmission coefficient in each case 
by the area of the surface in square feet, and the temperature difference between the 
inside and outside air. (See Items 1, 2, and 3). 

7. Select unit values and compute the heat equivalent of the infiltration of cold air 
taking place around outside doors and windows. These unit values depend on the 
kind or width of crack, wind velocity, and the temperature difference between the 
inside and outside air ; the result expresses the heat required to warm up the cold air 
leaking into the building per hour. (See Chapter 8). 

8. When positive ventilation using outdoor air is provided by an air heating or an 
air conditioning unit, the heat required to raise the outside air to room temperature 
must be provided by the unit; if mechanical exhaust from the room is provided, in 
amount equal to the fresh air drawn in by the unit, the natural infiltration losses 
must also be provided for by the unit. If no mechanical exhaust is used, and the 
outdoor air quantity equals or exceeds the amount of natural infiltration which 
would occur without ventilation, the natural infiltration may be neglected. 

9. The sum of the heat losses by transmission (Item 6) through the outside walls 
and glass, as well as through any cold floors, ceilings or roof, plus the heat equivalent 
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(Item 7) of the cold air entering by infiltration, or required to replace mechanical 
exhaust, represents the total heat loss equivalent for any building. 

DESIGN OUTDOOR WEATHER CONDITIONS 

There are no hard and fast rules for selecting the design outdoor weather 
conditions to be used for a given locality or type of building or heating system^ 
and the problem is to some extent a matter of judgment and experience. The 
outside design temperature is seldom taken as the lowest temperature, or 
even the lowest daily mean temperature ever recorded in a given locality. 
Such temperatures are rarely repeated in successive years. Likewise the 
wind direction and velocity prevailing at the time of design outside con- 
ditions frequently are entirely different from those prevailing during the 
winter season. 

The A.S.H.V.E. Technical Advisory Committee on Weather Design 
Conditions has recommended the adoption for heating load calculations 
of an outside design temperature which is equalled or exceeded during 97\ 
per cent of the hours in December, January, February and March. 

Complete data of this nature are not available but Column 7, Table 1, 
lists this recommended design temperature based on airport station 
readings for the period indicated, generally a five year period 1935-1939 
inclusive. It is pointed out that in most cases these stations are outside 
of the city and that these data would apply primarily to rural areas. A 
comparison of the lowest recorded temperatures, with due regard to the 
period of record, makes it possible to determine an equivalent design 
temperature for city stations. In general the use of the airport data for 
buildings within an adjacent city will not make any appreciable difference 
in design load. 

The calculation of these design temperatures is being carried on but 
due to the extensive amount of work involved will not be completed for 
some time. It should also be noted that the period of record for the 
stations listed occurred in what is known as a warm cycle and when longer 
periods are used it is expected that many of these design temperatures 
will be somewhat lower. 

Because of the limited data available, design temperatures in common 
use are listed in Column 9. Many of these values were furnished by 
A.S.H.V.E. members — the balance were taken from an ACRMA Bulletin^ 
manufacturers’ publications and other sources*, and a few were estimated. 
The map, Fig. 1, shows isotherms approximated for these design tempera- 
tures. They may be used as a guide for localities not listed in the table. 
Inte^olation between these lines is suggested and due consideration must 
be given to elevations and other local conditions. 

Column 8 of the table gives the maximum wind velocity which occurred 
with temperatures the same as, and lower than, those shown in Column 7. 
Winter average velocities for all temperatures are given in Column 10. 

Column 6 lists the average annual minimum temperature which is the 
average of readings of the one lowest temperature occurring for each year 
the station has been in existence. It is of interest as a guide to the lowest 
temperature to be encountered except for an occasional extreme of short 
duration. 

Finally, large differences in climate occur within relatively small dis- 
tances of Weather Bureau stations in hilly and mountainous regions. Ex- 
perience and judgment are necessary to deal properly with this factor. 
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Tablb 1. WiNTaa Cumatio CoNomoNs* 


Cou 1 

Statb 

Col. 2 

Station^ 

Col. 3 

Elb- 

VAT10N« 

IT 

Col. 4 

Pnaiob 

or 

Rbcord4 

Col. 5 

Lowntr 
Tniip. ON 

RxconD4 

•F 

Col. 6 

Average 
Annual 
* Min. 
Tbmp.* 
op 

Col. 7 
DnaioN 
DbT'Buui 
Tkmf. on 

TAC97H% 

Basis! 

op 

Col. 8 

Winn 
ViL. Air 
Dbsion 
^ TnHP.s 

Mpb 

Col.9 
Dbsion 
Dbt-Bulb 
Tbmp. in 
Common 

USBb 

op 

Col. 10 

Avo.Wimd 

Vbl.-Dbc. 

JAN.-FU.1 

Mpb 

Ab 

AnnMtAii _ CO 

733 

1893-1947 

•>10 




5 



BirminithaiD ^CO 

711 

1893-1945 

-10 

12 



10 

8.0 


Birmiiishain_^.AP 

615 

1939-1947 

-10 


21 

7.4 




Mobile. CO 

143 

1872-1947 

-1 

22 



15 

9.9 


Mobile :AP 

219 

1940-1947 

13 


30 

8.5 




Montcomery CO 

293 

1872-1947 

-5 

18 



Ml M 

7.5 


Montgomery. AP 

226 

1938-1944 

9 

19 



HIH 


Aril 

Flagstaff. CO 

6957 

1899-1947 

-25 

-IS 




7.7 


Kingman AP 

3473 

1935-19394 

8 


22 

8.6 




Phoenix CO 

1122 

1895-1947 

16 

26 



25 

5.4 


Phoenix. AP 

1112 

1937-1947 

21 


31 





Tucson CO 


Up to 1946 

6 




25 

5.2 


Tucson AP 

2561 

1935-19394 

19 


30 





Winslow CO 

4853 

Up to 1946 

-19 

-1 



-10 



Winslow AP 

4899 

1932-1947 

-18 


6 





Yuma CO 

146 

1876-19464 

28 

27 



30 

6.7 

Ark 

Fort Smith CO 

545 

188M945 

-15 

6 




8.3 


Fort Smith AP 

463 

1945-1947 

7 







Idttle Rock CO 

451 

1879^1942 

-12 

10 



5 

8J 


Little Rock AP 

282 

1942-1947 

7 


21 




Cal 

Bakersfield AP 

499 

1937-19464 

19 

25 

33 


25 



Burbank ...AP 

740 

1931-1947 

21 


35 





Daggett -.AP 

1925 

1935-19394 



27 

8j; 




Eureka CO 

115 

1886-1947 

20 

29 



30 

7.3 


Fresno CO 

387 

1887-1939 

17 

26 



25 

5.4 


Fresno ..AP 

281 

1939-1947 

23 


32 

4.5 




Los Angeles CO 

534 

1877-1947 

28 

37 



35 

6.4 


Oakland AP 

21 

1929-1947 

23 


36 

7J 

30 



Red Bluff CO 

341* 

1877-1934 

17 





6.1 


Red BIuff..-^....-AP 

346 

1944-1947 

25 







Redding AP 

579 

1935-19394 

17 


32 

7.1 




Sacramento CO 

116 

1877-1947 

17 

28 



30 

7.2 


Sacramento AP 

22 

1938-1947 

22 







San Diego- CO 

90 

1871-1940 

25 

37 



35 

U 


San Diego AP 

34 

1939-1947 

34 


43 

5.8 




San Francisco....CO 

164 

1875-1947 

27 

37 



35 

7.5 


San J oso— ......CO| 

100* 

Up to 1946 

22 




25 



Willianui -. AP 

124 

1935-19394 



29 

8.3 



CoL 

Denvw , CO 

5398 

1871-1947 

-29 

—11 



-10 

7.5 


Ibnver. AP 

5379 

1934-1947 

-30 


0 

8.8 




Grand Junction-CO 

45870 

1889-19454 

-21 

-2 



-15 

4.4 


Pueblo CO 

4770 

1889-19384 

-27 




-20 

7.9 


Pueblo. AP 

4810 

1939-1947 

-26 


2 

6.4 



Conn. 

Hartford. - ..CO 

229 

1905-1940 

-18 




0 

8.7 


Hartford AP 

20 

1940-1947 

-24 


4 

8.3 




New Haven CO 

180 

1872-19464 

-15 

-1 



0 

9.4 


New Haven AP 

17 

1943-1947 

-4 


11 

8.1 



DofC... 

Washington CO 

128 

1871-1947 

-15 

-1 



0 

7.8 


Washington AP 

20 

1935-19394 



14 

7.4 



Fla 

Apala^ieola-....CO 

23 

1922-1947 

18 




25 

8.4 


Jacksonville. CO 

104 

1871-1947 

10 

29 



25 

9.0 


Jacksonville AP 

29 

1938-1947 

16 


31 





Key West CO 

23 

1871-1947 

41 




45 

10.6 


Key West AP 

48 

1939-1947 

42 







Miami. CO 

253 

1896-1947 

27 

38 



35 

10.1 


M »*«wi AP 

13 

1940-1947 

28 

35 

45 





Pensaoi^ .TZCO 

67 

1879-1947 

7 

23 



20 

10.9 


Pensacola AP 

113 

1943-1947 

20 







Tampa CO 

111 

1890-19404 

19 

32 



30 

8.6 


Tampa AP 

12 

1941-1946 

31 







Titusville .AP 

52 

1935-19394 



38 

6.5 




Atlanta. AP 

1020 

1878-19454 

-8 

12 

22 

10.2 


11.7 


Augusta CO 

195 

1871-19464 

3 




10 

6.5 


Augtwta. AP 

424 

1939-1947 

10 







Macon CO 

408 

1899-1947 

7 




15 

6.7 


Macon AP 

432 

1939-1947 

8 







Savannah-. CO 

115 

1871-1945 

8 

22 



20 

9.5 


Savannah AP 

56 

1939-1947 

16 


29 

7.7 



Idahg,... 

Boise. .CO 

2818 

1864-19394 

-28 




-10 

9.1 


Boisei AP 

2849 

1939-1947 

-13 

-1 

5 





Burley. AP 

4150 

1935-19394 

-35 







Idaho Falls^ AP 

4744 

1935-19394 

-18 







Lewiston CO 

763 

1900-1944 

-23 

1 



5 

4.1 


Pocatello. .CO 

4522 

1899-1947 

-28 

-12 



-5 

8.9 


Pocatello AP 

4467 

1938-1947 

-23 






UL 

C&im Cn 

319 

1872-1947 

-16 





9.8 


Chicago.. .CO 

6010 

Up to 1946 

-23 





12.0 


Chicago AP 

615 

1935-19394 




11.7 




Moline.. .....AP 

594 

1935-19394 




10.8 




Peoria AP 

660 

1935-19394 


■ 

WM 

10.7 

HI 

8.3 


Blank ipMei indioato data not yat oomplatad. 
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CHAPTER 14 


1949 Guide 


XABIiB 1. WlNTUB CUMATIC CONDITIONS* — (GoNTINUID) 


Col. I 

Col. 2 

Col. 3 

Col.4 

CoL.S 

CoL. 6 

Col. 7 

Col. 8 

Col. 9 

Col. 10 

Eli- 

Period 

Lowict 

Avenge 

Annual 

Mw. 

Temt.* 

Design 

Drt-Bulb 

Wind 
Vel. at 
Design 
Teup.s 

Design 

Drt-Bdlo 

A VO. Wind 

State 

Station^ 

or 

Tiiif. on 

Tbuf. on 

Tbup. in' 

Vkl..Dbc. 

VATION* 

Rnconn^ 

R|C0B1>4 

TACyH% 

Common 

USBh 

Jan.'Feb.* 



rr 


•P 

op 

op 

Mra 

op 

Mra 

ni 

Springfield.. CO 

603 

1879-1947 

-24 

-7 



-10 

11.9 


Sixingfield AP 

Kvniaville.........00 

606 

1930-1947 

-19 



11.6 


Ind 

464 

1897-1940 

-16 

1 




9.6 


Fort Wnyne: 00 

885 

1911-1941 

-24 



-10 

10.4 


Udmer.. AP 

970 

1935-19394 




11.5 




lndianEpoliA._.CC 

816 

1871-19464 

-25 

-6 



-10 

11.3 


IndiEnnpolu.. AP 

Torre luute. .CO 

800 

1932-19464 

-18 



11.4 




1146 

1893-19464 

-18 

-5 




10.2 


Terre Hnute AP 

589 


-11 






Iowa 

Cbarlei City CG 

1023 

1891-19454 

-34 

-22 




7.9 


DnTcnport. CO 

Deo Moines CO 

648 

1872-1947 

-27 

-13 



-15 

10.5 


805 

1878-19454 

-30 




-IS 

10.1 


Des Moines AP 

979 

1935-19394 



-8 

14.5 




Dubuque CO 

KeokiA CO 

740 

1874-1947 

-32 

-17 



-20 

7.1 


637 

1871-19454 

-27 

-12 




8.3 


SiouiCity. .CO 

1093* 

1889-1944 

-35 

-20 



-20 

11.5 


SiourCity. AP 

1098 

1940-19464 

-24 






ir&iuHa 

ConeorduL. .CO 

1425 

1885-1947 

-25 

-13 



-10 

7.7 


Dodge City CO 

2515 

1942-1947 

-26 

-10 



-10 

10.6 


Dodm City AP 

Top^ CO 

2599 

991 

1874-1942 

1887-1947 

-26 

-25 




-10 

9.2 


T<«idn AP 

883 

1946-1947 

-21 







WiehitA. CO 

1497 

1888-1939 

-22 

-4 



-10 

12.4 


Wichito AP 

1423 

1939-1947 

-10 


6 

14.7 



Kjl. 

Ijouisdlle CO 

563 

1871-1947 

-20 

-5 



0 

9.8 


LouisviUe AP 

544 

1937-1947 

-IS 


9 

8.8 



Lo... 

New Orleens CO 

85 

1874-1947 

7 

26 



20 

8.6 


New Orleans AP 

8 

1937-1947 

19 


36 

12.8 




Shreveport AP 

179 

1935-19394 


16 

27 

8.9 

20 

88 



100 

187.Vi947 

—23 

—15 



->10 

12.6 


Portland_ CO 

70 

1885-1940 

-21 

-6 




10.4 


Portland. AP 

66 

1940-1947 

-39 






Md 

Baltimore .00 

114 

1871-1947 

-7 

8 




8.2 


Baltimore. .AP 

43 

1935-19394 



13 

8.9 



Mia 

Boston...... .CO 

356 

1870-19354 

-18 

-3 


12.4 


Boston AP 

45 

1936-1947 

-14 


8 

12.3 




45 

1886-1947 

-6 





14.8 



48 

1946-1947 

12 






Mich 


615 

1000 

Up to 1946 
1873-1933 

—28 

—12 



-10 

n.o 

Oetmit .. CO 

-24 

-11 



-10 

12.0 


Detroit AP 

632 

1935-19394 

4J 

11.0 


NseanabA CO 

645 

1878-19454 

-32 




-IS 

9..5 


Grand Rapids-.CO 

706 

1891-19464 

-24 




-10 

12.1 


Idinsing. CO 

861 

1910-1947 

-25 




-10 

9.8 


lAinsing. AP 

863 

1940-1947 

-10 







Marquette CO 

721 

1874-1947 

-27 

-13 



-10 

10.6 


Sault St Marie..CO 

724« 

1888-19424 

-37 

-22 



-20 

8.9 

Minn.... 

Dulutb CO 

1133 

1874-1947 

-41 

-28 



-25 

13.4 


Dulutb AP 

1413 

1941-1947 

-33 







Minneapolis .CO 

945 

1890-1947 

-34 

-23 



-20 

11.3 


Minneapolis AP 

St PauL CO 

• 873 

1938-1947 

-31 







951 

1871-1933 

—41 

—2.5 



-20 

9..5 


St Pbul AP 

708 

1937-1947 

-26 

-18 

-1.5 

9.9 

Mm. 

Meridian .00 

410 

1889-1947 

-6 

15 



10 

6.3 


Meridian AP 

298 

1939-1947 

-7 







Vicksburg. CO 

316 

1874-1947 

-1 

IS 



10 

8.3 


Vicksburg. AP 

266 

1941-1947 

10 



1 



Mo. 

Columbia CO 

739 

1889-1947 

-26 




-10 

8.9 


Columbia AP 

787 

1939-1947 

-18 







Kansas City. .00 

741- 

1889-1940 

-22 




-10 

10..i 


Kansas City. AP 

780 

1935-19394 




10.6 




St Louis, 

646 

1871-1947 

-22 




0 

11.8 


St. Louis. AP 

597 

1930-1947 

-19 



10.8 



Mont 

Springfield AP 

1270 

193.5-19394 




11.0 


11.0 

Rillinga AP 

3584 

1935-19394 


-30 

-17 

9.1 

-25 

12.4 

Butte' „..C0 

5700* 

1894-1931 

-34 

-20 



5538 

2498 

1931-1947 

1880-1947 

-52 

-57 


-18 

4.8 



1 II Ilf 00 

-36 

-.10 

Mm 


TfaUna CO 

4175* 

1880-19404 

—42 

—24 



— 2U 



Kalia|ii*ll CO 

3004 

1897-1947 

—34 

-17 



—20 



Miles' City .........CO 

2400 

189M9424 

-49 

-30 



-35 

KM 

Nob 

Miles City AP 

2629* 

19.35-19394 



-18 

8.4 



Linooln CO 

1189 

1185 

2815 

1887-1947 

1933-1947 

1874-1947 

1 1 1 

-13 

—2 

12.7 

-10 

10.6 



North Platte.....00 

-17 


-20 

7.9 


North Platte.....AP 

2788 

193.S-19394 



-9 

10.7 




Omaha........... CO 

1219 

1873-1935 

-32 

-14 



-10 

9.7 



1009 

1935-PreA 

1889-1947 

—21 

—8 

11.5 


Valentina - CO 

2627 

-38 

-22 


-25 

9.2 






ApproKUBAte ymlue. 
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Table 1. Winter Gliicatic Conditions»--(Continued) 


Col. 1 

Statb 

Col. 2 

Station^ 

Col. 3 

Ele- 

vation® 

FT 

Col. 4 

Period 

or 

Record^ 

Col. 5 

Lowest* 
Temp on 
Record4 

•F 

Col. 6 

Average 

Annual 

Min. 

Temp.® 

op 

Col. 7 
Design 
Drt-BuIiB 
Temp, on 

TAC 97J^% 

BasisI 

op 

Col. 8 

Wind 
Vbl. at 
Design 
..Temp.s 

Mph 

' Col. 9 
Design 
Drt-Bulb 
Temp, in 
Common 
USB b 

op 

Col. 10 

Avg. Wind 
Vel.-Dec. 
Jan.-Feb.i 

Mpb 

Nev 

Elko AP 

5079 

1935-19394 



-4 

4.0 




Las Vegas. 

-AP 

1882 

1937-1947 

8 

16 

23 





Reno. 

.00 

4588 

1905-1942 

-19 


0 


-5 

6.0 


Reno 

.AP 

4417 

1940-1947 

-16 


7 





Winnemucca 

CO 

4293 

1871-1947 

-36 

-10 



-15 

8.1 

N.H.-.. 

Concord 

CO 

343 

1871-1941 

-35 

-IS 



-IS 

6.2 


Concord 

AP 

359 

1941-1947 

-37 






N. J 

Atlantic City.... 

.CO 

45 

1874-1947 

-9 

6 



5 

15.8 


Camden AP 

20 

1935-19394 



12 





Newark 

..AP 

IS 

1931-1947 

-14 



11.6 




Sandy Hook ... 

.CO 

19 

1914-19384 

-11 





16.1 


Trenton 


144 

1866-1946 

-14 

2 




10.9 

N. M. 

Albuquerque... 

.CO 

5022 

1931-1933 

$ 




0 

7J 


Albuquerque — 

..AP 

5319 

19.13-1947 

-6 


16 

7.1 




El Morro 

..AP 

7120 

1940-1947 

-25 

-19 

-6 

4.6 




Rodeo 

..AP 

4116 

1935-19394 



25 

8.4 




Ruawrll 

.CO 

3643 

1905-1947 

-29 




-10 

7.1 


I'ucunicari 

AP 

4054 

1935-19394 



13 




N. y..-.. 

Albany — J 

CO 

114 

1874-1947 

-24 

-11 



-10 

10.5 


Albany 

AP 

280 

1938-1947 

-22 







Binghamton 

.CO 

915 

1891-1946 

-28 

-11 



-10 

6.8 


Bingbamtuii... 

AP 

836 

1942-1947 

-17 







Buffalo 

CO 

69.t« 

1873-194.'4 

-20 

-4 




17.1 


Buffalo 

.AP 

726 

1935-19394 




14.0 




Canton 

CO 

458 

1889-1947 

-43 

-26 




10.5 


Elmira 

AP 

948 

1935-19394 




8.0 




Ithaca 

(’0 

888 

1879-1937 

-24 

-10 




11.3 


New \urk 

CO 

425 

1871-1947 

-14 

-3 



heh 

16.8 


Oswego 

.CO 

363 

1871-1943 

-23 

-9 



EH 

12.1 


Rochester.. 

CO 

609 

1872-1947 

-22 

-4 




9.6 


Rocheeter 

..AP 

560 

193.S-19394 

-16 



11.9 




Syracuse 

CO 

405 

1928-1940 

-24 




-10 

11.2 


Syracuse 

.AP 

404 

1940-1947 

-26 


-1 

8.9 



N C 

Asheville 

.CO 

2280 

1902-1947 


6 



0 

9.5 


Charlotte 

.CO 

809 

1878-1947 


12 



10 

7.3 


CJiarlotte. 

..AP 

757 

1939-1947 



22 

7.5 




(ireensboru ....... AP 

896 

1928-1947 



17 

7.8 

10 



Halcigh 

.CO 

405 

1944-1947 


13 



10 

7.9 


Raleigh 

.AP 

446 

1935-19,194 



20 

8.5 




Wilmington .... 

.CO 

78 

1871-1947 


18 



15 

9.4 

n. D.., 

Bismarck 

CO 

1675 

1875-1940 

-45 

-31 



-30 

9.1 


Bismarck 

.AP 

1655 

1940-1947 

-38 


-24 

7.1 




Devils Ijakc..... 

..CO 

1481 

1904-1947 

-46 

-33 



-30 

10.1 


DickinsuiL 

AP 

2599 

1935-19394 



-20 

12.4 




Kargo 

AP 

900 

1935-19394 



-25 

10.9 

-25 



Pembina 

. AP 

810 

19.15-19394 



-50 

11.9 




Williston 

CO 

1919 

1879-1947 

-50 




-35 

8.6 

Ohio .. 

Akron 

CO 


1887-19314 

-20 




-5 



Akron 

AP 

104 

1935-19.194 



9 

10.6 




Cincinnati 

CO 

772 

1870-1947 

-17 

-2 



0 

8.5 


Cincintuiti 

. AP 

488 

1931-1947 

-14 


7 

8.0 




Cleveland 

CO 

669 

1871-19464 

-17 

-2 



0 

14 7 


Cleveland 

AP 

813 

1930-19404 

-t5 


6 

13.8 




Columbus ..... 

CO 

812 

1878-194(i4 





-10 

11.6 


t'lolumlnis 

AP 

820 

19.19-1947 

-1.5 

-3 

4 

10.5 




Dayton ... .. . 

CO 

1086 

1883-1943 

-28 




0 

11.1 


Dayton 

AP 

1002 

1940-1947 

-11 







.Sandusky 

(’0 

608 

1878-19404 

-16 




0 

11.0 


'I'olcdo 

(’0 

6(>8 

1871-1947 

-16 

-5 



-10 

12.1 


Toledo 

AP 

026 

1940-1947 

-13 


4 

12.1 



Okla 

Ardmore.. . . 

AP 

762 

1935-19394 



18 

9.7 




Oklahoina City. Ci 

1264 

1890-1947 

-17 

2 




11.5 


Oklahoma ('ity. Ai’ 

1311 

1939-1947 



14 

14.7 




Tulsa 

. AP 

686 

1932-1947 

-5 


13 

11.3 




Waynoka . .. 

. AP 

1529 

1935-19,194 



10 

11.3 



Ore. . 

Arlington... . 

AP 

881 

1935-19394 



7 

7.8 




Baker 

CC 

3501 

1889-1947 

-25 

-17 




5.6 


Baker 

. AP 

3374 

19.19-1947 

-19 


3 





Eugene. . .. 

c;o 

366 

1890-19424 

-4 




15 



Eugene... 

Al 

368 

1D42-1947 

9 


23 





Medford 

C( 

1428® 

1911-1929 

-10 





4.3 


Medford 

. AI 

1343 

1929-1947 

-3 


23 





Portland 

CO 

98 

1874-1947 

-2 

18 



10 

7.3 


Portland 

AI 

25 

1940-1947 

3 


22 

8.0 




Koseburg 

CO 

523 

1877-1947 

-6 

19 



10 

3.9 

r» 

I'urwensvillc 

Ai 

2219 

194.1-1947 

-10 


0 

13.5 




Erie 

CC 

771 

1873-1946 

-16 

-3 



-5 

13.6 


Erie 

AP 

736 

1935-19394 



6 

12.1 




Harrisburg.... 

CO 

3.15® 

1888-19384 

-14 

3 



0 

7.6 


Harrisburg 

.AP 

339 

1935-19394 



7 

9.0 
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Table 1. Wintbb Cliuatic Conditions*— (Continuxd) 


Col. 9 Col. 10 
Dbbiqn 


brS*™ Av«.W.h» 


Temp, in Vbl -Die. 


T.»:. nwA Sp".: co““» 
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Table 1. Winter Climatic Conditions*— (Concluded) 


Col. 1 

State 

Col. 2 

Station** 

Col. 3 

Ele- 

VATlONf 

PT 

Col. 4 

Pekiod 

of 

llECOHU** 

Col. 5 

Lowest ^ 
Temp, on 
Record<* 

op 

Col. 6 

Average 

Annual 

Min. 

Temp.* 

op 

Col. 7 
Design 
Dry-Bulb 
Temp, on* 

op 

Col. 8 
Wind 
Vel. AT 
Debign 
Temp.s 

Mph 

Col. 9 
Design 
Dry-Bulb 
Temp, in 
Common 
Use** 
op 

Col. 10 

Avo.Win’d 

Vel.-Dxc. 

Jan.-Feb.* 

Mph 

Wwo 

(Jrofti Bay. 

CO 

598 

1886-1947 

-36 

-18 



-20 

10.5 


Di ('ruK8c ... 

CO 

725 

1872-1947 

-43 

-21 



-25 

9.3 


U\ (?rt«8e.. . 

AB 

077 

194.4-1947 

-28 


-17 





Madmon 

C^O 

l(k)8 

1858-1947 

-29 




-15 

10.1 


Madison . 

AP 

884 

19.4.5-19.494 




9.1 




MilwaiiktH! .. 

CO 

744 

1870-1947 

-2.5 

-12 



-15 

12.1 


Milwaukee 

AP 

707 

1927-1947 

-29 



11.9 



Wyo. ... 

(’lipyrniu’ 

('0 

6144 

1873-1935 

-38 

-18 



15 

13.3 


(’lioyenm* . .. 

AP 

6161 

19.45-1947 

-.44 



11.1 




1. under 

CO 

5448 

1891-1916 

-40 

-12 



-18 

3.9 


1. under 

AP 

5568 

1946-1917 

-14 







Huek Sprmga.. 

AP 

6/46 

1932-1942 

-33 


B 

9.1 



Alla ... 

Edmonton 


2210® 

Vpto 1943 

-57 

-41 



-40 

7.5 

B. C... . 

\ aneouver 


22® 

Vpto 1944 1 

2 

1.4 



10 

4.5 


\ ictoria 


228® 

Cp to 1943 

-2 

19 



5 

12.6 

Man.. .. 

W mnipeg 


786‘‘ 

\’p to 194 4 

-.54 

-.48 



-35 

10.1 

N B .. 

rredericlon .. 


164® 

I'p to 1943 

-35 

-25 



-20 

9.1 

N S 

^arnuuilh 


1 ^6® 

Vp to 194.4 

-12 

0 



-5 

14.3 

Ont. . 

l.orid(»n . . 


912® 

I p to 1944 

-27 

-14 



-5 

10.3 


Ottawa . 


294® 

L p to 194 4 

-.4.5 

-24 



-20 

8.4 


l‘orl Arthur . 


644® 

1 p to 1943 

-40 

-29 



-30 

8.0 


Toronto 


.ITO*- 

Vp to 194.4 

-26 

-11 



-10 

13.6 

r E.I.. 

('harlot tet own 


18(.® 

I’p to 1943 

-27 1 

-13 



-10 

9.8 

Qur. .. 

Montreal 


187® 

1 p to 1943 

-29 

-18 



-15 

'11.3 


Qtiebee 


296® 

1 p to 194.4 

-34 I 

-23 



-20 

1.4.3 

Suak.. .. 

I’nnee .MU-rt , 


1414® 

Vp to 1943 

-70 

-47 



-45 

5.1 

^ 'r . 

1 taw'son 


lUo.^® 

I’p to 1943 

-68 

-.54 



-45 

.4.7 

Npwf. 

St. Johns 


428® 

1 It to 1043 

-21 

-5 



-10 

12 


* United States Data compiled from U. S. Weather Bureau Records for years indicated, and Canadian data 
from Meteorological Service of Canada corrected to 1946. 

^ Col. 2. The stations followed by letters AP are airport stations, all others are city office stations and are 
followed by letters CO. 

* Col. 3. The elevations marked c are ground elevations of the station. All other elevations given are the 
actual elevations of the thermometer bulb above mean sea level. 

** Col. 4. The periods of record indicated apply only to the lowest temperature ever recorded shown in Col. 
6, and generally extend from a summer month of the firat y^ indicated through the spring months of the last 
year indicated. The periods marked by d terminated in December of the year indicated. 

* Average of readings of one lowest temperature obtained for each year. 

^ ' It should be noted that Col. 7 applies only to airports, as these data for city stations are not available at 
this time. The temperature shown is the minimum hourly out-door temperature which hius been equalled or 
exceeded 974 per cent of the total hours in December, January and February for the period of record. It is 
pointed out that in most cases the airport stations are outside of the city and these data would apply primarily 
to rural areas. 

* Col. 8 indicates the average wind velocity which occurred at temperatures the same as, and lower, than 
the temperatures shown in Col. 7. 

^ Col. 9 records design temperatures in use by A.S.H.Y.E. Members as reported by Chapter Secretaries 
for the various stations. Where these were not available the design temperatures from an ACRMA publica- 
tion and various other sources have been inserted. 

*The wind velocities indicated in Col. 10 were furnished by the U. S. Weather Bureau and corrected 
through Feb. 1948. 

^The bulletin published by A.S.H.V.E. for annual weather data of Detroit indicates 6 as design 
temperature. 

^ Computed for Reading by Karl Shelley and O. F. Smith. 


INSIDE TEMPERATURES 

The inside air temperature which must be maintained within a building 
is understood to be the dry-bulb temperature at the breathing line, 5 ft 
above the floor, or the 30-in. line, and not less than 3 ft from the outside 
walls. Inside air temperatures usually specified, vary in accordance 
with the use to which the building is to be put and Table 2 presents values 
which conform to good practice. 

The proper dry-bulb temperature to be maintained depends upon the 
relative humidity and air motion, as explained in Chapter 12. In other 
words, a person may feel warm or cool at the same dry-bulb temperature. 
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depending on the relative humidity and air motion. The optimum winter 
effective temperature for sedentary persons, as determined at the A.S.H.V.E. 
Research Laboratory, is 66 deg. 

As explained in Chapter 12 for so-called still air conditions, a relative 
humidity of approximately 50 per cent is required to produce an effective 
temperature of 66 deg when the dry-bulb temperature is 70 F. However, 
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even where provision is made for artificial humidification, the relative 
humidity is seldom maintained higher than 40 per cent during the ex- 
tremely cold weather, and where no provision is made for humiSfication, 
the relative humidity may be 20 per cent or less. Consequently, in using 
the figures listed in Table 2, consideration should be given to the actual 
relative humidity to be maintained, if provision is to be made for humidifi- 
cation. If no humidification is to be provided, the higher temperatures 
may not even produce comfort on cold dajrs; if humidity is to be main- 
tained at 50 per cent the lower temperatures will apply. 

In rooms having large glass areas, when sun is not shining, or in rooms 
with walls having a high transmission coefficient, the lowered surface tem- 
perature will cause a feeling of coolness even though the air temperature in 
the room is at or above the temperatures indicated in the table. In rooms 

Table 2. Winter Inside Dry-Bulb Temperatures Usually Specified* 


Type of Building I 

1 

i DegF 

1 

Type of Building I 

1 

Deg F 

Schools — 

1 

1 

Theaters— 


Class rooms 

70-72 

Seating spare 

68-72 

Assembly rooms 

68-72 

Lounge rooms _ 

68-72 

Gymnasiums 

55-65 

Toilets - .. 

68 

Toilets and batha 

70 

1 

Wardrobe and locker rooms. .. 

65-68 

Hotels — 


Kitchens 

66 

Bedrooms and baths. 

1 70 

Dining and lunch rooms 

65-70 

Dining rooms .. . _ .. _ 

1 70 

Playrooms 

60-65 

Kitchens and laundries 

i 66 

Natatoriums 1 

75 

1 

Ballrooms. 

65-63 

Hospitals — 

Toilets and service rooms 

68 

Private rooms. 

70-72 

Homrs 

70-72 

Private rooms (surgical) 

70-80 

Stores 

65-68 

Operating rooms. 

70-95 

Public buildings.— 

68-72 

Wards. 

68 

Warm air baths 

120 

Kitchens and laundries 

66 

Steam r aths 

no 

Toilets 

68 

Factories and machine shops.. 

60-65 

Bathrooms 

70-80 

Foundries and boiler shops... 
Paint shops 

50-60 

80 


* The most comfortable dry-bulb temperature to be maintained depends on the relative humidity and 
air motion. These three factors considered together constitute what is termed the effective temperature 
(See Chapter 12.) When relative humidity is not controlled separately, optimum dry-bulb temperature for 
comfort will be slightly higher than shown in Table 2. 


of this character, it is desirable to design for even higher temperatures than 
those listed, unless a counter-acting, high temperature surface is installed to 
offset the low temperature surfaces. 

The inside temperatures specified in Table 2 will not necessarily apply to 
panel heated rooms due to the fact that the panels usually maintain a 
higher wall or glass surface temperature, thus producing comfort at lower 
air temperatures. 

Temperature at Proper Level: In making the actual heat loss compu- 
tations, however, for the various rooms in a building it is often necessary 
to modify the temperatures given in Table 2 so that the air temperature 
at the proper level will be used. By air temperature at the. proper level is 
meant, in the case of walls, the air temperature at the mean height be- 
tween floor and ceiling; in the case of glass, the air temperature at the 
mean height of the glass; in the case of roof or ceiling, the air temperature 
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at the mean height of the roof or ceiling above the floor of the heated 
room; and in the case of floors, the air temperature at the floor level. 

Temperature at Ceiling: The air temperature at the ceiling is generally 
higher than at the breathing level due to stratification of air resulting from 
the tendency of the warmer or less dense air to rise. An allowance for this 
fact should be made in calculating ceiling heat losses, particularly in the 
case of high ceilings. However, the exact allowance to be made may be 
somewhat difficult to determine as it depends on many factors, including 
(1) the type of heating system, (2) ceiling height, and (3) the inside- 
outside temperature differential. The type of heating system is par- 
ticularly important, as the temperature gradient from floor to breathing- 
level to ceiling may depend to a large extent on whether direct radiation, 


Table 3. Appboximate Temperature Differentials Between Breathing Level 
AND Ceiling, Applicable to Certain Types of Heating Systems* 


Ceiling 


Breathing Level Temperature (5 ft Above Floor) 


(Ft) 

60 

65 

70 

72 

74 

76 

78 

80 

85 

00 

10 

3.0 

3.3 

3.5 

3.6 

3.7 

3.8 

3.9 

4.0 

4.3 

4.5 

11 

3.6 

3.9 

4.2 

4.3 

4.4 

4.6 

4.7 

4.8 

5.1 

5.4 

12 

4.2 

4.6 

4.9 

5.0 

5.2 

5.3 

5.5 

5.6 

6.0 

6.3 

13 

4.8 

5.2 

5.6 

5.8 

5.9 

6.1 

6.2 

6.4 

6.8 

7.2 

14 

5.4 

5.9 

6.3 

6.5 

6.7 

6.8 

7.0 

7.2 

7.7 

8.1 

15 

6.0 

6.5 

7.0 

7.2 

7.4 

7.6 

7.8 

8.0 

8.5 

9.0 

16 

6.1 

6.6 

7.1 

7.3 

7.5 

7.7 

7.9 

8.1 

8.6 

9.1 

17 

6.2 

6.7 


7.4 

7.6 

7.8 

8.0 

8.2 

8.7 

9.2 

18 

6.3 

6.8 


7.5 

7.7 

7.9 

8.1 

8.3 

8.8 

9.3 

19 

6.4 

6.9 

Hi 

7.6 

7.8 

8.0 

8.2 

8.4 

8.9 

9.4 


6.5 

7.0 

■1 

7.7 

7.9 

8.1 

8.3 

8.5 

I 9.0 

9.5 

25 

7.0 

7.5 

8.0 

8.2 

8.4 

8.6 

8.8 

9.0 

9.5 

■BTW 


1 7.5 

8.0 

8.5 

8.7 

8.9 

9.1 

9.3 

9.5 

10.0 

■MM 

35 

8.0 

8.5 

9.0 

9.2 

9.4 

9.6 

9.8 

10.0 

10.5 

mSSm 

40 

8.5 

9.0 

9,5 

9.7 

9.9 

10.1 

10.3 

10.5 

ll.O 

11.5 

45 

9.0 

9.5 

10.0 

10.2 

10.4 

10.6 

10.8 

11.0 

115 

mmm 

50 

9.5 

10,0 

10.5 

10.7 

10.9 

11.1 

11.3 

11.5 


12.5 


* The figures in this table are based on an increase of 1 per cent per foot of height above the breathing level 
(5 ft) up to 15 ft and of one degree for each foot above 15 ft. This table is generally applicable to forced air 
types of heating systems. For direct radiation or gravity warm air, increase values 50 per cent to 100 per 
cent. 


unit heaters or warm air is used, and in the latter case, whether the circu- 
lation is by gravity, auxiliary fan or forced air. Although with properly 
adjusted air. flow the temperature differential with unit heaters can be 
reduced to a minimum, it is possible with improper adjustment that it 
may be increased over that which would normally result without me- 
chanical circulation of the air. 

It would be difficult from present available information to establish 
rules for determining the temperature difference to use in all cases How- 
ever, for residences and other structures having ceiling heights under 10 ft, 
the comparatively small temperature differential between the breathing 
level and ceiling may generally be neglected without serious error. For 
higher ceilings where specific test data are not available, an allowance 
of approximately 1 per cent per foot of height above the breathing level 
may be made for ceiling heights up to 15 ft and approximately iV of 1 deg 
per foot of height above this level. The values in Table 3 are calculated 
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on this basis. For direct radiation and gravity warm air systems, the 
allowance should be increased from 50 per cent to 100 per cent over those 
given in Table 3. These rules should, however, be used with considerable 
discretion. 

Temperature at Floor Level: According to the University of Illinois 
Research Residence tests*, the temperature at the floor level ranged from 
about 2^ to 6 deg below that at the breathing level, or somewhat 
greater than the difference between the breathing level and ceiling 
temperatures. Tests at the University of Wisconsin'* indicated a some- 
what smaller differential between the floor and breathing level tempera- 
tures. As a general rule, if the breathing level to ceiling temperature 
differential is neglected (as with ceiling heights under 10 ft), the breathing 
level-floor differential may also be neglected as the two are somewhat 
compensating, especially where both floor and ceiling heat losses are 
calculated for the same space. In other cases, the 10 ft temperature 
differentials in Table 3 may be used in arriving at the floor heat loss, these 
differentials to be subtracted from the breathing level temperature. 

ATTIC TEMPERATURES 

Frequently it is necessary to estimate the attic temperature, and in 
such cases Equation 1 can be used for this purpose: 

A cUe h -h to(A rUr ~h AwUw 
“ “ ' Acih + Arilr + ilwC/w + A/U, 


where 


U = attic temperature, Fahrenheit degrees. 

= inside temperature near top floor ceiling, Fahrenheit degrees. 
to = outside temperature, Fahrenheit degrees. 

Ac = area of ceiling, square feet, 

Ar = area of roof, square feet. 

Ayr = area of net vertical attic wall surface, square feet. 

Ag = area of attic glass, square feet. 

I'c = coefficient of transmission of ceiling, based on surface conductance of 2.20 
(upper surface, see Chapter 6). 2.20 >= reciprocal of one-half the air space 
resistance. 

Ur coefficient of transmission of roof, based on surface conductance of 2.20 
(lower surface, see Chapter 6). 

Uyr = cocfliciciit of transmission of vertical wall surface. 

Ug = cocificient of transmission of glass. 


Example 1. Calculate the temperature in an unheated attic, assuming the follow- 
ing conditions: U =» 70; to 10; Ac = 1000; Ar — 12(X); Ay, « 100; Ag = 10; Ur * 
0.50; Uc = 0.40; Uy, « 0.30; Vg * 1.13. 

Solution: Substituting these values in Equation 1 : 

(1000 X 0.40 X 70) + 10[_(1200_XJ>^) -h (100 X 0.30) + (10 X 1.13)1 
~ (1000 X a40) + (1200 X 0.50) + YlOO X 0.30) + (10 X 1.13) 




34,413 

1041 


33.1 F. 


Equation 1 neglects the effect of any interchange of air such as would 
take place through attic vents or louvers intended to preclude attic con- 
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densation. However, according to tests^, such venting of attics by means 
of small louvers or other small openings does not appreciably reduce the 
attic temperature and may be neglected without serious error. The 
attic temperature may be calculated in the usual manner by means of 
Equation 1, allowing the full value of the roof. The error resulting from 
this assumption will generally be considerably less than if the roof were 
neglected (as is sometimes the practice) and the attic temperature as- 
sumed to be the same as the outside temperature. When relatively large 
louvers are installed as is customary in the southern states, the attic 
temperature is often assumed as the average between inside and outside 
temperatures. 

For a shorter, approximate method of calculating heat losses through 
attics, the combined ceiling and roof coefficient may be used as described 
in Chapter 6. 

TEMPERATURES IN UNHEATED SPACES 

The heat loss from heated rooms into unheated rooms or spaces must 
be based on the estimated or assumed temperature in such unheated 
spaces. This temperature will generally range between the inside and 
outside temperatures, depending on the relative areas of the surfaces ad- 
jacent to the heated room and those exposed to the outside. If the re- 
spective surface areas adjacent to the heated room and exposed to the 
outside are approximately the same, and if the coefficients of transmission 
are approximately equal, the temperature in the unheated space may be 
assumed to be the mean of the inside and outside design temperatures. 
If, however, the surface areas and coefficients are unequal, the tempera- 
ture in the unheated space should be estimated by means of Equation 2. 

A2I /2 -j- A z U% 4 “ etc.) -j- to{ AJU% -f- AbUb + AcUe -h et c.) 

" Ail/i + -fA^U^~~+ A^Ub + AcU7+'^^ ^ ^ 


where 


U » temperature in unhealed space, Fahrenheit degrees. 
t *= inside design temperature of heated room, Fahrenheit degrees. 
to = outside design temperature, Fahrenheit degrees. 

Aij A 2 , A^j etc. = areas of surface of unheated space adjacent to heated space, 
square feet. 

Anj Ab, Acf etc. » areas of surface of unheated space exposed to outside, square 
feet. 

Ui, U 2 t Uz, etc. = coefficients of transmission of surfaces of A^ Azt Az, etc. 

Umj Ub, Vct etc. » coefficients of transmission of surfaces Am, Ah, Ae, etc. 

Example 2. Calculate the temperature in an unheated space adjacent to a heated 
room having surface areas {A\, ^ 2 , and Az) in contact therewith of 100, 120, and 140 
sq ft and coefficients {Ui, 11%, and Uz) of 0.15, 0.20, and 0.25 respectively. The surface 
areas of the unheated space exposed to the outside (Ao and Ab) are respectively 100 
and 140 sq ft and the corresponding coefficients are 0.10 and 0.30. The sixth surface 
is on the ground and is neglected in this example. Assume t «= 70 and fo — 10. 

Solution. Substituting in Equation 2: 

701(100 X 0.15) -F (120 X 0-20) -f (140 X 0.25)) 101( 100 X 0^10) 0.30) ] 

” (100 X 0.16) + (120 X 0.20) + (140 X 0.26) +'(100 ~X 0.10) + (140 X O.M) 
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The temperatures in unheated spaces having large glass areas and with 
two or more surfaces exposed to the outside (such as sleeping porches and 
sun parlors), are generally assumed to be the same as outside. 

GROUND TEMPERATURES 

Ground temperatures to be assumed for estimating .basement heat 
losses will usually differ in the case of basement walls and floors, the 
temperatures under the floors being generally higher than those adjacent 
to walls. 

Temperatures Adjacent to Basement Walls 

Ground temperatures near the surface and under open spaces vary 
with the climate, the season of the year and the depth below the surface. 
The nearer the surface (during the cold weather) the lower the tem- 
perature. Frost will penetrate to a depth of over 4 ft in some localities 
if not protected by snow. A thick blanket of snow will result in a higher 
ground temperature near the surface. Consequently ground tempera- 
tures near the surface may be higher in cold climates where the snow 
remains on the ground for a greater length of time than in more moderate 
climates where the snow melts away periodically during the winter. 

Complete data for various localities are not as yet available but in 
estimating heat losses through vertical walls below grade, it is advisable 
not to assume average ground temperatures above 32 F in northern cli- 
mates when estimating heat losses from heated basements. This is for 
the mean height of the basement wall. Since the recommended wall 
coefficient for basement walls in contact with the soil is only 0.10, any 
small variation in the assumed ground temperature will not materially 
affect the calculated heat loss. ♦ 

Temperatures Under Basement Floors 

The temperature under basement floors® is influenced by the heat from 
the basement or protected from the influence of atmospheric conditions 
by the basement. In computing losses through basement floors the ground 
temperatures may be assumed the same as the approximate water tem- 
peratures at depths of 30 to 60 ft given in Fig. 3, Chapter 37. Test results 
indicate that the heat losses through basement floors are frequently 
over-estimated^ 

BASEMENT TEMPERATURES AND HEAT LOSS 

The allowance to be made for basement heat loss depends on whether 
the basement is to be heated or not. 

If the basement is heated and a specified temperature is to be main- 
tained, the heat loss should be estimated in the usual manner, based on 
the proper wall and floor coefficients (see Chapter 6) and the outside air 
and ground temperatures. Heat loss through windows and walls above 
grade sliould be based on outside temperatures and the proper air-to-air 
coefficients. Heat loss through basement walls below grade should be 
based on the floor and wall coefficients for surfaces in contact with the soil 
and on the proper ground temperature. 

If a basement is completely below grade and is not hecUed, the tem- 
perature in the basement will normally range between that in the rooms 
above and the ground temperature. Basement windows will of course 
lower the basement temperature when it is colder outside and any heat 
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given off by the heating plant will increase the basement temperature. 
In any case, the exact basement temperature is likely to be a somewhat 
indeterminate quantity, if the basement is not heated. Since the base- 
ment temperature will generally be lower than that of the rooms above, 
an allowance should theoretically be made for the loss from the rooms 
above through the floor over the basement. 

The temperature in crawl spaces below floors will vary greatly depending 
on the number and size of wall vents, the quantity of heating pipes and the 
type of insulation. It is therefore necessary to analyze the conditions and 
select an appropriate temperature by judgment. 

TRANSMISSION HEAT LOSS 

The basic formula for the loss of heat by transmission through any 
surface is given in Equation 3: 

Hi AU (t- to) (3) 


where 


H% heat loss transmitted through the wall, roof, ceiling, floor, or glass, Btu per 
hour. 

A B area of wall, glass, roof, ceiling, floor, or other exposed surface, square feet. 

U coefficient of transmission, air to air, Btu per (hour) (square foot) (Fahren- 
heit degree temperature difference) (Chapter 6). 

t •= inside temperature near surface involved which may not necessarily be the 
so-called breathing line temperature, Fahrenheit degrees. 

(o ** outside temperatur|, or temperature of adjacent unheated space or of the 
ground, Fahrenheit degrees. 

Example S. Calculate the transmission loss through an 8 in. brick wall having an 
area of 150 sq ft if the inside temperature (t) is 70 F and the outside temperature (^o) 
is - 10 F. 

Solution. The coefficient of transmission (17) of a plain 8 in. brick wall is 0.50 
(Chapter 6, Table 7). The area (A) is 150 sq ft. Substituting in Equation 3: 

fft = 150 X 0.50 X [70 - ( - 10)] » 6000 Btu per hour. 

Transmission Loss Through Ceilings and Roofs 

The transmission heat loss through top floor ceilings, attics, and roofs 
may be estimated by either of two methods: 

1. By substituting in Equation 3 the ceiling area (A), the inside-outside tempera- 
ture difference {i — Q and the proper value of (C/) : 

a. Flat rooja. Select the coefficient of transmission of the ceiling and roof from 
Tables 14 or 15, Chapter 6, or use appropriate coefficients in Equation 1 if side 
walls extend appreciably above the ceiling of the floor below. 

b. Pitched roofs. Select the combined roof and ceiling coefficient from Table 17, 
Chapter 6 or calculate the combined roof and ceiling coefficient by means of 
Equation 5, Chapter 6, where this formula is applicable as explained in Chapter 
6 . 

2. By estimating the attic temperature (based on the inside and outside design 
temperatures) by means of Equation 1, and substituting for to in Equation 3, the 
value of to thus obtained, togetW with the ceiling area (A) and the ceiling coefficient 
(U). This applies to pitched roofs. In the case of flaJl roofs it is not necessary to 
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calculate the attic temperatures as the ceiling-roof heat loss can be determined as 
per paragraph la. 


INFILTRATION HEAT LOSS 

The infiltration heat loss includes (l) the sensible heat loss or the heat 
required to warm the outside air entering by infiltration and (2) the latent 
heat loss or the heat equivalent of any moisture which must be added. 

Sensible Heat Loss 

The formula for the heat required to warm the outside air which enters 
a room by infiltration to the temperature of the room, is given in Equation 4 : 

- 0.240 Qd (t - to) (4) 

where 

Ho ^ heat required to raise temperature of air leaking into building from U to i, 
Btu per hour. 

0.240 = specific heat of air. 

Q = volume of outside air entering building, cubic feet per hour (see Chapter 

8 ). 

d = density of air at temperature pounds per cubic foot. 

It is suflSciently accurate to use d = 0.075 in which case Equation 4 
reduces to 


Ho - 0.018 Q « - to) (4a) 

The volume of outside air entering per hour (Q) depends on the wind 
velocity and direction, the width of crack or size of openings, the type of 
openings and other factors, as explained in Chapter 8. Where the crack 
method is used for estimating leakage, it is more convenient to express 
the air leakage heat loss in terms of the crack length: 

- F L (< - to) (4b) 


where 

B = air leakage per (hour) (foot of crack) (Chapter 8) for the wind velocity and 
type of windows or door crack involved multiplied by 0.018. 

L B length of window or door crack to be taken into consideration, feet. 

Example 4- What is the infiltration heat loss per hour through the crack of a 3 x 
5 ft average, double-hung, non-weatherstripped, wood window, based on a wind 
velocity of 15 mph? Assume inside and outside temperatures to be 70 F and zero 
respectively. 

Solution. According to Table 2, Chapter 8, the air leakage through a window of 
this type (based on tV in. crack and A in. clearance) is 39 cu ft per foot of crack per 
hour. Therefore, J5 = 39 X 0.018 =» 0.70. The length of crack (L) is (2X5) + 
(3 X 3), or 19 ft; ^ 70 and to = 0. Substituting in Equation 4b, 

Ho ■» 0.70 X 19 X (70 — 0) = 931 Btu per hour. 

Number of Air Changes to be Used for Computations 

Since a certain amount of judgment regarding quality of construction, 
weather conditions, use of room and other factors is required in estimating 
infiltration by any method, some designers base infiltration upon an esti- 
mated number of air changes rather than upon the length of window cracks. 
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Table 4 of Chapter 8 indicates air changes commonly used but should be 
tdken only as a guide. For further discussion of the method see section on 
Air Change Method in Chapter 8. 

Crack Length to be Used for Computations 

For designers who prefer to use the crack method the basis of calculation 
is as follows: The amount of crack used for computing the infiltration 
heat loss should not be less than half of the total crack in the outside walls 
of the room. For a building having no partitions, whatever wind enters 
through the cracks on the windward side must leave through the cracks 
on the leeward side. Therefore, take one-half the total crack for com- 
puting each side and end of the building. In a room with one exposed 
wall, take all the crack; with two exposed walls, take the wall having the 
most crack; and with three or four exposed walls, take the wall having the 
most crack; but in no case take less than half the total crack. 

The total infiltration loss of a building having partitions will not be 
equal to the sum of the infiltration losses of the various rooms, since at 
any given time infiltration will take place only on the windward side or 
sides and not on the leeward side. Therefore, if a building has more than 
one room which is divided by interior walls or partitions, it is sufficiently 
accurate to use half of the total infiltration losses for determining the 
total heat requirements. 

Latent Heat Loss 

When it is intended to add moisture to air leaking into a room for the 
maintenance of proper winter comfort conditions, it is necessary to de- 
termine the heat equivalent to evaporate the required amount of water 
vapor, which may be calculated by the equation: 


where 

H\ » heat required to increase moisture content of air leaking into building from 
mo to m,, Btu per hour. 

Q » volume of outside air entering building, cubic feet per hour. 
d = density of air at temperature <i, pounds per cubic foot, 
mi =» vapor density of inside air, grains per pound of dry air. 
mo = vapor density of outside air, grains per pound of dry air. 
htg = latent heat of vapor at mi, Btu per pound. 

If the latent heat of vapor (Afg) is assumed to be 1060 Btu per pound, 
Equation 5 reduces to 


Hi = 0.0114 Q (mi — mo) (6a) 

Equations 4a, 4b and 5a may also be used for determining the sensible 
and latent heat gains due to infiltration in cooling load computations. 

SELECTION OF WIND VELOCITIES 

The effect of wind on the heating requirements of any building should 
be given consideration under two heads: 

1. Wind movement increases the heat transmission of walls, glass, and roof, 
affecting poor walls to a much greater extent than good walls. 
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2. Wind movement materially increases the infiltration of cold air through the 
cracks around doors and windows, and even through the building materials them- 
selves. 

Theoretically as a basis for design, *the most unfavorable combination 
of temperature and wind velocity should be chosen. It is entirely possible 
that a building might require more heat on a windy day with a moderately 
low outside temperature than on a quiet day with a much lower outside 
temperature. However, the combination of wind and temperature which 
is the worst would differ with different buildings, because wind velocity 
has a greater effect on buildings which have relatively high infiltration 
losses. It would be possible to compute the heating load for a building 
for several different combinations of temperature and wind velocity which 
records show to have occurred and to select the worst combination; but 
designers generally do not feel that such a degree of refinement is justified. 

Therefore, since Table 1 lists the average velocity of winds occurring at 
temperatures equalled or exceeded 97| per cent of the winter period for 
each locality, this value should be the basis for estimating infiltration 
losses. When using the air change method it will not be necessary to 
consider the wind velocities. Designers employing the crack method 
generally use values corresponding to a 15-mile wind. Due to the small 
effect of the wind velocity on the transmission coefficient, the values in 
Chapter 6, based on a 15-mile wind may be used at all times. 

Exposure Factors 

Many designers use empirical exposure factors to increase the calcu- 
lated heat loss of rooms or spaces on the side or sides of the building ex- 
posed to the prevailing winds. However, according to a survey made in 
1943, many Guide users have found that the use of exposure factors is not 
necessary as the Guide method of calculating heat losses provides an ample 
heat loss allowance. Therefore exposure factors may be regarded as 
factors of safety for the rooms or spaces exposed to the prevailing winds, to 
allow for additional capacity for these rooms or spaces, or to balance the 
radiation^ particularly in the case of multi-story buildings. Although the 
exposure allowance is frequently assumed to be 15 per cent, the actual 
allowance to be made, if any, must to a large extent be a matter of ex- 
perience and judgment of the designer, since there are at present no au- 
thentic test data available from which rules could be developed for the 
many conditions encountered in practice. 

As stated previously, the value of U in the tables of Chapter 6 is based 
on a wind velocity of 15 mph and the surface resistance for this wind 
velocity (0.17) is sufficiently low so that higher wind velocities will decrease 
the surface resistance to a negligible degree and therefore have only a slight 
effect on the average over-all coefficient. On the other hand, infiltration 
losses vary almost directly as the wind velocity, as will be apparent from 
the factors in Table 2 of Chapter 8. The more exact method therefore 
would be to differentiate among the various exposures more accurately by 
calculating the infiltration and transmission losses separately for the 
different sides of the building, using different assumed wind velocities for 
the infiltration losses on the various sides. 

AUXILIARY HEAT SOURCES 

The heat supplied by persons, lights, motors and machinery should 
always be ascertained in the case of theaters, assembly halls, and in- 
dustrial plants, but allowances for such heat sources must be made only 
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Tabu 6. Hbat Loss Calculation Shbbt fob Uninsulatbd Residencb 

(Fig. 2) 


A 

B 

C 

D 

E 

F 

G 

Room or Space 

Part of Structure or 

Net Area or 

Coeffi- 



Totals 

Infiltration. Am Changes 

Am Volume 

CIEHT 



(Btu per hour) 

Bedroom A 

Walls 

238 sq ft 

0.28 

SO 

5330 


and Closet 

Glass 

40 sq ft 

0.45 

80 

1440 



Ceiling 

252 sq ft 

0.G9 

39.84 

6910 



Infiltration (^)> 

1510 cfhb 

0.018® 

80 

2180 

15.8G0 

Bedroom B 

Walls 

15G sq ft 

0.28 

80 

3490 


and Closet 

Glass 

40 sq ft 

0.45 

80 

1440 



Ceiling 

170 sq ft 

0.69 

39.8<1 

4660 



Infiltration (5^)« 

1020 cfhb 

0.018 

80 

1470 

11.060 

Bedroom C 

Walls 

114 sq ft 

0.28 

80 

2560 


and Closet 

Glass 

27 sq ft 

0.45 

80 

070 



Ceiling 

129 sq ft 

0.69 

39.8d 

3640 



Infiltration (H)* 

874 cfhb 

0.018® 

80 

1260 

8.330 

Bedroom D 

Walls 

118 sq ft 

0.28 

80 

26.50 


and Closet 

. Glass 

20 sq ft 

0.15 

80 

720 



Ceiling 

110 sq ft 

0.60 

39.8d 

3020 



Eloor over garage 

110 sq ft 

0.25 

35® 

OCOp 



Infiltration (H)* 

G(>0 cl h** 

O.OIS® 

80 

0.50 

8..300 

Bathroom 1 

Walls 

30 sq ft 

0.28 

80 

670 



Glass 

14 sq ft 

0.45 

80 

500 



Ceiling 

55 sq ft 

0.69 

39.8d 

1510 



Inliltrution (1)« 

440 cfhb 

0.018® 

80 

630 

3.310 

Bathroom 2 

Walls 

79 sq ft 

0.26 

80 

1040 



Glass 

0 sq ft 

0.45 

80 

320 



Ceiling 

35 sq ft 

0.09 

39.8d 

000 



Floor over garage 

35 sq ft 

0.25 

35® 

31 Op 



Infiltration (1)k 

280 cfhb 

O.OIS® 

80 

400 

3.C30 

Livinr 

Walls 

2G7 sq ft 

0.2S 

80 

59S0 


Room 

Walls (adjoining garage) 

04 sq ft 

0.39» 

35® 

12S0P 



Glass 

50 sq ft 

0.45 

80 

1800 



Floor 

291 sq ft 






Infiltration (IH)** 

3745 cfhb 

0.018 

SO 

5400 

14.460 

Dining 

Walls 

16C sq ft 

0.28 

SO 

3720 


Room 

Glass (doors) 

35 sq ft 

1.13 

SO 

3100 



Glass (windows) 

20 sq ft 

0.45 

80 

720 



Floor 

1G8 sq ft 






Infiltration (1H)‘ 

2140 cfhb 

0.018® 

80 

3080 

lO.OSO 

Kitchen and 

Walls 

90 sq ft 

0.28 1 

80 

2150 


Entrance 

\\'’allb (adjoining garage) 

51 sq ft 


35® 

70f)p 


to Garage 

Glass 

IS sq ft 

0.45 

80 

650 



Door 

17 sq ft 

0.51 

35 

300 



! Floor 

125 sq ft 






Infiltration (1^)^ 

1505 cfhb 

0.018® 

80 

2.300 

0,100 

Lavette and 

Walls 

82 sq ft 

0.2S 

SO 

ISIO 


Vestibule 

Walls (adjoining garage) 

S5 .‘‘ti ft 

0.39* 

.35® 

11 OOP 



Glass 

0 sq ft 

0.45 

80 

3J0 



Door 

19 sq ft 

0.51 

80 

780 



Floor 

30 .sq ft 






Infiltration (IH)** 

383 cfhb 

0.018® 

80 

5.50 

4,650 

Entrance 

Walls 

39 sq ft 

0.28 

80 

870 


Hall 

Door 

21 sq ft 

0.38 

SO 

040 



Ceiling*' ■ 

87 sq ft 

0.69 

39.84 

2.390 



Infiltration (2)» 

1110 cfhb 

0.018® 

SO 

1600 

5.500 

Garage 

Walls 

1G7 sq ft 

0.28 

45® 

2110 



Glass 

53 sq ft 

1.13 


2700 



Dooi s 

4 I sq ft 

0.51 

Bh 

1010 



Infiltration (IH)" 

2300 cfhb 

0.018® 


1910 



Floor (heat gain) 

185 SQ ft 

0.10 

-15 

-280® 



Gain adjoining rooms 




-4410P 

3,040 

Recreation 

W’alls 

220 sq ft 

0.10 

38 

810 


Room*! 

Glass 

8 sq ft 

1.13 

80 

720 



Floor 

2S7 sq ft 

0.10 

20 

.570 



Infiltratidn (!)» 

2010 cfhb 

0.018® 

80 

2890 

5,020 






TOTAL 

99,940 
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TaBIJI 6. SuMMABT OF HbAT LosSES OF UnINSULATBO RESIDENCE {Btu Per Hour) 


Room or Space 

Walls 

Ceiling and 
Roof 

Floor 

Glass and 
Door** 

Infil- _ 

TRATION 

Totals 

Bedroom A 

5;i30 

0010 


■KISHi 

2180 

15.800 

Bedroom B 

;noo 

46fi0 



1170 


Bedroom C 

2500 

3.540 



1200 

8..330 

Bedroom D 

2050 

3020 

900 


9,50 


Bathroom 1 

070 

1510 


500 

030 


Bathroom 2 

liito 

900 

310 

320 

400 

3.030 

Living Room 

7200 


I 

1800 

5400 

14.400 

Dining Room 

;57‘JO 

. 



3080 

10.080 

Kitdieii 

2850 




2300 

6.100 

Lavette 

3000 




550 j 

4.050 

Entrance Hall 

870 

2390 

1 


1600 

5.500 

Garage 

- 1030* 

-1270‘» 

-280* 

3710 

1910 

3,040 

Recreation 

840 


570 

720 

2800 

5.020 

Design Totals 

.33.850 

21.720 


18.100 

21.020 

99.940 

Operating Totals'* 

33.8.50 

21.720 


IS. 100 

12.310 

87.630 

Percentages* 

38.6 

24.8 

mi 

20.7 

11.1 

100.0 


* Wall heat loaa of 2110 Btuh minua wall heat caine of 1280, 700 and 1160 Btuh. ** Heat gains of 060,310 
Btub. Heat sain. ” Based on H computed infiltration. ” Based on Operating Totals. 


wind velocity. Inside temperature from Table 2 is assumed to be 70 F. The attic is 
unheated. Assume ground temperature to be 50 F (see Fig. 3, Chapter 37) under 
basement and garage floors and 32 F adjoining basement w’^alls. Estimate infiltration 
losses by the air change method. No wall, ceiling or roof insulation is to be con- 
sidered in this problem, but all first and second floor windows, except in the garage, 
are to have storm sash. The building is constructed as follows (heat transmission 
coefficients U are in parentheses) : 

WalU: Brick veneer, building paper, wood sheathing, studding, metal lath and 

g laster (0.28). Walls of dormer over garage, same except wood siding in place of 
rick veneer (0.26). 

Attic Walls: Brick veneer, building paper, wood sheathing on studding (0.42). 
Basement Walls: 10 in. concrete (0.10). 

Roof: Asphalt shingles on wood sheathing on rafters (0.53). 

Ceiling (Second floor) : Metal lath and plaster (0.69). 

Windows: Double-hung wood windows with storm sash (0.45). Steel casement 
sash in basement (1.13). 

Floor (Bedroom D)\ Maple finish flooring on yellow pine sub-flooring; metal lath 
and plaster ceiling below (0.25). 

Floor (Basement and Garage) : 4 in. stone concrete on 3 in. cinder concrete (0.10). 
Solution: The calculations for this problem are given in Table 5, and a summary 
of the results in Table 6. The values in column F of Table 5 were obtained bv multi- 
plying together the figures in columns C, D, and E. The heat losses are calculated 
to the nearest 10 Btu. See reference notes for Table 5 for further explanation of data. 

Attention is called to the summary of heat losses (Table 6) for the uninsulated resi- 
dence. As storm windows are used in this instance the glass and door transmission 
heat losses of 20.7 per cent are relatively small. The infiltration losses of 14.1 per 
cent are also comparatively small because the storm windows are equivalent to 
weatherstripping. In this problem, the wall, ceiling and floor transmission losses 
comprise 65.2 per cent of the total. 

Example 6. Calculate the heat loss of residence shown in Fig. 2 based on the same 
conditions as in Example 5 but having construction improved or insulated to obtain 
coefficients as follows: 

Walls, 0.13; Walls of Dormer over Gara^, 0.12; Attic Walls, 0.28; Walls Adjoining 
Garage, 0.18; Basement Walls (Recreation Room), 0.10. 

Roof, 0.53. 

Ceiling (Second Floor), 0.15. 

Windows (Same as in Example 5). 

Floor (Bedroom D), 0.18. 

Solution: The procedure for calculating the heat losses is similar to that for 
Example 6. A summary of the results is given in Table 7. 
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Tabus 1. Typical Commebcial Design Room Conditions for Summer Average 
Peak Load in Comfort Air Conditioning* 


Type of Installation 

Dry-Bulb 

Temp 

Wet-Bulb 

Temp** 

- Relative 
Humidity 
Per Cent 

Grains 
Per Lb*» 

Effective 

Temp* 

Deluxe Application 

78 

65 

50 

72.7 

72.2 

Normal Application 

80 

67 

51 

78.5 

74.0 

1 5 to 40 min Occupancy 

82 

68 

49 

80.0 

75.3 


* Values in Table 1 are for peak load conditions. It is general practice to operate a system at approximately 
76 F and 50 per cent relative humidity at other than peak load. 

^ Psyehrometrio data for standard barometrio pressure. 

* Fif. 10, Chapter 12, air movement 16 to 25 fpm. 

sky radiation and from outdoor-indoor temperature differential for glass areas and 
exterior, walls and roofs, modified by periodic heat flow or lag factors depending on 
the tvpe of structure. (2) Load due to heat gain through interior partitions, ceilings 
and floors. (3) Load due to ventilation either natural or mechanical. (4) Load'due 
to heat sources within the conditioned space such as people, lights, power equipment 
and appliances. (5) Load due to moisture transfer through permeable building 
materials. (6) Miscellaneous heat sources. 

C. Determination of Air Quantity and Apparatus Dew-Point, 

These factors will be discussed in turn. The material presented leads 
to an illustrative procedure for a cooling-load calculation, and a numerical 
example is given to demonstrate the calculations involved. 

DESIGN CONDITIONS 

Indoor Conditions 

Indoor air conditions for human health and comfort have been and con- 
tinue to be the subject of much discussion and research. 

The effective temperature index, explained in Chapter 12 is probably 
the best available source of design criteria for comfort air conditioning 
systems for buildings or enclosures in which the air and inside surface 
temperatures remain substantially equal; a condition that can safely be 
assumed for most ordinary comfort air conditioning installations. Other 
sources of design specifications are to be found in the requirements of codes 
and ordinances, and in the varied long-term experiences of manufacturers, 
contractors, and engineering specialists. 

Past experience, cumulative over many years, indicates that indoor de- 
sign conditions for which summer air-conditioning equipment is selected, 
should not exceed a temperature of 80 F or a relative humidity of 50 per 
cent for the average job in the United States. If these conditions are ex- 
ceeded, complaints of discomfort may be expected, especially with continu- 
ous occupancy. For very brief occupancy only, a slightly higher peak- 
load desi^ temperature may be employed. In regard to the lower limit 
of humidity, complaints are not encountered for store installations oper- 
ated down to 35 per cent relative humidity or, for office jobs, somewhat 
lower. These observations apply to normal commercial practice in this 
country only ; for extremes such as tropical or very hot regions it is regarded 
as more practicable to design for a peak-load outdoor-indoor temperature 
difference of about 15 to 20 F. 

Table 1 offers typical design conditions for average requirements en- 
countered. The deluxe figures would also apply in general for localities 
having a summer outdoor design temperature of 90 F or less; and the 
16 to 40 min occupancy values or even somewhat higher dry-bulb tem- 
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Table 2. Illustrative Temperatures and Relative Humidities Applicable 
TO Industrial Air Conditioning* 


Classification 

Materials, Location or 

Process 

Temperature 

F 

Relative 

Humidity 

% 

Employe 

Efiiciency 

General Machine Shop Work.. 


50 

Draf ting Rooms....... ..................................... 


50 

Offices 


50 





so 

50 


Ceramic Materials. 

60-80 

50 

Storage 

Pharmaceutical Powders . .-r -. r - 

70-80 

30-35 

Sugar. 

so 

35 

Prior to 

Paper.... 

75-80 

35 


60-80 

3.5-50 

Manufacturing 

Flour - 

60-75 

55-65 

Rubber 

60-75 

40-50 


Grains 

60 

30-45 


Hardened Aluminum AIlovs 

0 to -30 





M.nrhine Tool Oil Cooling. . _ _ 

70-90 



Precision Parts Honing Machinery 

75-80 

40-55 

Manufacturing 

Ceramic Molding... 

SO 

00 

Manufacturing of Electrical Wiring 

60-S0 

35-50 

Process 

Assembly Line 

65-80 

40-50 

Gage Pnyms .. 

7R 

50 


Instrument Calibration,....,.,^ 

68 

60-55 


Match Manufacturing 

72-74 

50 


Paper Testing Laboratory 

60-80 

55-65 


Textile Testing Laboratory.. 

70 

65 

Research 

Special Process Temperature Boxes. 

-100 to +170 

78 

70-75 

and 

Development 

Chemical Laboratories 

Fibres and Plastics, . 

50 

50-65 

Drafting....^ 

78-80 

45-50 


Temperature Shock Tests 

-80 to +150 





* Taken from the article, ^‘ladoor Climate and Refrigeration for Poet-War Industry/’ by E. K. HegUn 
Cleveland! Engineering, Vol. 40, No. 27, July 3, 1047, p. 5. 


peraturcs would indicate acceptable conditions for very hot localities. 
Table 1 is to be used with good judgment, for there is no universal rule which 
may be applied to indoor design conditions. 

Guarantees of conditions to be maintained for summer operation are 
based upon a definite set of load conditions. At other than the guarantee 
load, the conditions produced by a system are determined by the balance 
of imposed load and equipment capacity and by the method adopted for 
regulating the system operation. >. Complete specifications of indoor design 
conditions would include part-load and overload operation, particularly 
from the viewpoint of economy. 

In the field of industrial air conditioning, indoor design conditions are 
established by the requirements of goods and processes, in addition to the 
comfort and efficiency of the workers. No generally-applicable specifica- 
tions arc possible, as each job has its own special requirements. Table 2 
offers illustrative general information. 

The indoor design conditions suggested have had reference to conditions 
to be maintained at the level of occupancy. For extremely high ceilings in 
public or industrial buildings, only the zone from 10 to 15 ft above the floor 
may be cooled to the full extent. The air temperature at the ceiling would 
be much higher, and this should be kept in mind when calculating the 
convective portion of the roof heat gain. A reduction of outdoor-to- 
indoor air temperature differential may be assumed in such instances; 
radiation from the inner roof surface is not diminished. 

Outdoor Conditions 

Summer climatic conditions and suggested design wet-bulb and dry- 
bulb temperatures are given in Table 3 for various locations in the United 
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Tablb 8. SuMUEB Climatic Conditions* (Continued) 

Suggevted Design Wei-BvJb and Dry-Bulb Temperatures 


Col. 1 

State 

Col. 2 

Station^ 

Col. 3 

Elev- 

ation* 

Ft 

Col. 4 

Period 

OE 

Record^ 

Col. 5 

Highest 

Temp. 

Ever 

Recorded^ 

op 

Col. 6 
Design' 
DiiY-Bui.rj 
Tump, on 
T.A.C 2K2% 
Basis* 

op 

Col. 7 
Design 
Dry-Bulb 
Temp, in 
Common 
Use* 

op 

Col. 8 
Design 
Wkt-Bulm 
Tump, in 
Common 
U sKf 
op 

Col 9 
Average 
Huumbr 
W l.ND 
Velocittr 

Mph 

Jl! 

Peoria 

... AP 

m 

19.35--1939 

111 

94 

96 

76 

8.2 


SpnnRiii'Id 

...CO 

003 

1879-1947 

no 


98 

77 



SpniiKlii'ld 

... Al> 

608 

1930-1947 

109 

96 



_ 

Jiid 

Kvaiisvillo 

...v’O 

464 

1897-1940 

108 


95 

78 

7.0 


Fort Wayne 

..C(- 

S8.S 

1911-19414 

106 


95 

75 




Hrliner 

...AP 

'^70 

1935-19^9 

107 






Indainapoiis 

..CO 

816 

1871-1946 

106 


95 

76 

8.9 


Indianaix)!:? 

.. A1‘ 

800 

1932-1946 

107 








Torre lJ.iuie 

..CO 

IMo 

1893-1946 

no 



78 




Torre Haute 

..AP 

589 

1941-1946 

103 



. 



leva 

Davf-riHirt 

..CO 

648 

1872-1947 

in 



78 

. 


Dc. 5 Moines 

...AP 

979 

1935-1939 

in 

95 

95 

78 

8.6 


Dubuque.. 

. CO 

740 

1874-1947 

no 



95 

78 




Keokuk 

..CO 

6.?7 

1872-1046 

n.3 



95 

78 




Sioux City 

...CO 

1093* 

1889-19444 

in 

■ ■ 

95 

78 




Sioux City 

..AP 

1098 

1940-1946 

108 



_ 



Eana 

(''oncordia 

...CO 

142S 

1885-1947 

116 



95 

78 




Dodge City — 

...CO 

2515 

1874-19424 

109 


95 

78 



Dodge C'lly. 

...AP 

2599 

1042-1947 

109 



.. 




TojK-'ka 

..CO 

991 

I8i’?-I947 

114 



100 

78 

..... 



...AP 

883 

1946-1947 

108 






Wichita 

..CO 

1497 

188S-19.19 

114 


100 

75 

11 8 


Wichita 

.. AP 

1423 

1039-1047 

109 

100 




Ky 

Ijuuaivillc 

..CO 

563 

1871-1947 

107 



78 

7.2 


Louisville 

AP 

544 

1937-1947 

10.3 

93 




La . - 

New Orli*;ir.9 

..CO 

85 

1874-1947 

102 



80 

6.9 


New Orleans. 

«.AP 

8 

1937-1947 

100 

93 





Shreveport. 

...AP 

179 

193.S-1939 

109 

98 

100 



Maine 

Eastixirt.... 

.CO 

100 

1873-1V47 

93 



90 


. .. 


Purtiand 

..CO 

18.-. 

1885-1910 

103 


90 


8.7 


Portland. 

AP 

65 

1940-1947 

99 





. 

Md 

Baltimore... 

CO 

114 

1871-1047 

107 


95 


7.4 


Baltimore. 

.AP 

43 

1935-19.59 

105 

91 

_... 


. .. 

Maas 

Boston. 

.(’0 

356 

1870-1935 

104 

.. 

92 

75 

12 5 


Boston 

...AP 

45 

1936-1947 

101 

87 

.. 


..... 


Nantucket 

..CO 

45 

1886-1947 

92 



95 

75 



Nantucket... 

.AP 

48 

1946-1947 

82 







Kficb 

Alpena... 

.(’0 

615 

1874-1946 

104 



95 

75 




Detroit 

..CO 

1000 

1873-19.33 

104 

— 

95 

75 

9.5 


Detroit 

.AP 

632 

1934-1947 

105 

89 

.. 

7.3h 

... _ 


Lansing 

..CO 

861 

1910-1947 

102 


95 

75 

.... 


Lansing. 

..AP 

863 

1940-1947 

98 



„ 

.. 




Marquette 

..CO 

721 

1874-1947 

108 

. .. 

9.3 

73 



Minn 

Duluth 

..CO 

1133 

1874-1947 

106 

«... 

93 

73 



Duluth 

..AP 

1413 

1941-1947 

95 


„ 




MinneafioliB 

..CO 

945 

1890-1947 

108 


95 

75 

lii.2 


Minneapolis 

,..AP 

87.3 

1938-1947 

104 

«... 



..... 


St. PauL 

..CO 

951 

1871-1933 

104 


95 

75 




St. Paul... 

..AP 

708 

1937-1947 

104 

91 

.. 



Mias 

Meridian.. 

.CO 

410 

1889-1947 

105 



95 

79 

4.6 


Meridian 

AP 

298 

1939-1947 

105 



. 

. 




Vicksburg 

..CO 

316 

187.4-1947 

104 



95 

78 

0.1 


Vicksburg — 

..AP 

266 

1941-1947 

104 


.. 

....« 


Mo 

Columbia................. 

..CO 

739 

1889-1947 

111 


100 

78 



Columbia 

.AP 

787 

1939-1947 

102 







Kansas City 

.AP 

780 

1935-19.39 

112 


iob 

76 

«» 1 


St. Louis.. CO 

(A6 

1871-1947 

no 

_ 

95 

78 

9.5 


St. Louis 

..AP 

597 

1930-1947 

in 

97 

— 






AP 

1270 

1935-1939 

105 

96 


.. . 

8.7 

Mont 

Riliinge, 

.AP 

3.S84 

1935-1947 

106 

92 

90 

66 




Butte. 

AP 

5538 

1931-1947 

100 

85 


. 

_ .. 


Havre 

.CO 

2498 

1880-1947 

108 



95 

70 



Helena. 

CO 

4175 

1880-1940 

103 



95 

67 

8.1 


ICalispell 

CO 

3004 

1897-1947 

101 


95 

6.5 



Miles City 

.AP 

2629 

1935-19.39 

108 

97 

. 

. 


Kebr 

Lincok) 

CO 

1189 

1887-1947 

115 


95 

78 

0.7 


Lincoln 

AP 

1.185 

19.33-1947 

115 

101 

... . 

. 



North Platte 

CO 

28 LS 

1874-1947 

109 


95 

78 

8.1 


North Platte 

AP 

2788 

19.35-19.39 

109 

98 






Omaha 

.CO 

1219 

W3-VJi5<l 

111 

.. . 

95 

78 




Omaha 

AP 

1(X>9 

193.S-1947 

114 

98 





Valentine 

.(’0 

2627 

18S9-1947 

no 


95 

78 


Kcv..... 

Elko 

AP 

5079 

1935-1939 

103 

92 





Las Vegas 

AP 

1882 

19.37-1947 

117 

108 



.... 


Reno 

CO 

4588 

1905-1912 

UK) 


95 

65 

7.2 


Reno. 

AP 

4417 

1940-1947 

105 

93 

.. .. 

.. 

... 


Winnomucca. 

C’O 

4293 

1871-1947 

108 



95 

65 



K H 


CO 

343 

1871-19414 

102 


90 

73 

4.9 


Concord 

.AP 

359 

1941-1947 

99 
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Table 3. Sumueb Climatic Conditions* (Continued) 
Suggested DesigniWel-Bulb and Dry-Bulb Temperatures 


Col. i 

State 

Col. 2 

Station** 

Col. 3 

Elkv- 

ATiON« 

Ft 

CoL. 4 

pKRion 

OP 

R£C0RD<* 

^ Col. S 
HlOnEBT 
Temp. 
Ever 

Eecordec(3 

op 

Col. 6 
Design** 
Dry-Bulb 
Temp, on 
T.A.C.23^% 
BaSISB 

op 

Col. 7 
Design 
D riT-Bi,L» 
Temp, in 
Common 
Use* 
op 

Col. 8 
Design 
Wet-Bulb 
Temp, in 
Common 
U sEf 

op 

Col. 9 

Average 

Summer 

Wind 

Velocitt« 

Mra 

N J 

Atlantic City 

CO 

4.') 

1874-1047 

104 


95 

78 



Camden 

....AV 

20 

19.1.5-1939 

105 

*91 

— 


Newark 

...AV 

15 

1931-1947 

101 

89 

95 

75 



Trenton 

.. i)0 

1*4 

186(1-1940 

106 


55 

78 

8.« 

N M 


.. CO 


19.; 1-1 03 >d 

99 



70 



Alljiiquorque.™ 

.. Ar 

.5 . i-y 

1933-1947 

101 

"w 


/ « 


hi Morro._ 

... Ar 

715» 

1935-1939 

92 

81 





Kwleo 

. AP 

4116 

193.5-1939 

104 

97 





Roswell 

.('0 

^ 

1905-1 94 ?«> 

107 


95 

70 



Tiu'umcari 

..a:’ 

4f)^J 

19.35-19.39 

107 

97 




N. Y..„ 

Allniny 

.. CO 

lt4 

1874-1947 

101 



75 

7 5 


Alliany 

.. .M' 

260 

19.38-1947 

09 

Is 



Binghamton 

. (.0 

VI 5 

:;J91-1946 

103 


95 

75 



B'.nghamton 

...Al* 


1942-1917 

97 






Ruflalo 

.. 

726 

1935-19.30 

95 

86 

93 

73 

12.1 


L'anton 

to 

.r.« 

1906-1947 

99 


90 

73 

6.2 


IClmira 

..AV 

C‘t« 

*935-1039 

96 

88 





New YorlL 

...CO 

■iJS 

1871-1947 

102 


95 

75 

12.5 


Oswego 

..C') 

3(i3 

1871-1947 

100 


93 

73 



lloehcalcr 

. (X) 

bm 

1872-1947 

102 


95 

75 



Roclicator 

.AH 

.5eo 

1935-1939 

98 

89 





S3rracusc - 

. CO 

4(i“i 

1902-1940 

102 


93 




Syraciifle 

..AH 

40 1 1 

1940-1947 

97 

88 




N. C 

Ashvilte.. 

. CO 

22: 0 

1902-f947 

99 


93 


5.6 


Charlotte 

CO 

MK) 

1878-1947 

103 


95 



Charlotte 

...AH 

757 

1939-1947 

103 

93 

1 




Ciroensboro 

API 

fiV6 

1928-1947 

101 

91 

95 1 

78 



Raleigh 

. CO 

40.5 

1887-1947 

104 1 


95 j 

78 

6.3 


Raleigh 

...AP 

446 

1944-1947 

102 

93 





Wilmington 

...CO 

78 

1871-1947 

103 


95 

78 

8.4 

N. 

Biamarck.- 

(’0 

1675 

1875-1940 

114 


95 

7J 

9.5 


Biwiinrek 

...AP 


1940-1047 

109 1 

96 





Devils hake 

. CO 

NSl 

1904-1947 ! 

112 


95 

70 



Dirkinson 

AP 

2509 

1935-1939 

112 j 

94 





!''a«-gp_ 

..AP 

900 

1935-1939 

115 

93 

95 

75 



I’eininna 

„AP 

m 

1935-19.39 

109 

92 





Willistua 

. ('() 

1919 

1879-1947 

ito 


“95 

73 


Ohio. 

Akron. 

AP 

104 

1935-1939 

101 

“88 

95 

75 



Cincinnati 

...CO 

772 

1870-1947 

108 


95 

78 

^6 


Cincinnati.. 

AP 

488 

1931-1947 

108 

*94 





Cleveland 

. CO 


1871-1946 

100 


lis 

75 

ii.r 


Cleveland 

AP 

813 

1930-1940 

107 

“90 





Columbus 

...CO 

812 

1878-1946 

106 


'95 

76 



Columbus 

. AP 

820 

19.39-1947 

100 

“90 





Dayuni 

CX) 

irS6 

1883-194 3J 

108 


“95 

78 



Dayton 

...AP 

1002 

1940-1947 

99 






Sandusky 

..(0 

608 

1878-1946 

105 


95 

75 



Toledo.. 

..CO 

068 

1 1871-1947 

105 


95 

75 



Toledo 

...AI* 

026 

1940-1947 

100 

Ti 




Okla.--. 

Ardmore 

...AP 

762 

1 193.5-19^9 

no 

99 





Oklahoma City 

. CO 

1264 

1890-1947 

113 


101 

77 

98 


Oklahoma City 

...AP 

1.111 

1939-1947 

109 

"w 





Tulsa 

..AP 

686 

1932-1947 

109 

100 

101 

77 



Waynoka 

..AP 

1529 

1935-1939 

115 

103 




Ore... 

Arlington 

.. AP 

881 

1935-19,39 

111 

95 





Baker. 

..CO 

3.501 

1889-1947 

104 


“90 

66 



Baker 

..AP 

3374 

19,39-1947 

103 

“90 





Eugene 

..CO 

366 

1890-1942 

104 


90 


' T” 


Eugene 

..AP 

308 

1942-1947 

105 

"m 





Medford 

CO 

1428 

1911-1929 

no 


95 

70 



Medford 

. AP 

1.343 

1929-1947 

115 

“95 





Portland 

.00 

98 

1874-1947 

107 


”90 

68 

6.5 


Portland 

...AP 

25 

1940-1947 

105 

”87 





Roseburg 

.00 

.523 

1877-1947 

109 


'96 

66 


H 

Curwensville, 

.. AP 

2219 

1943-1947 

90 

'82 





Erie... 

,.C0 

771 

1873-1946 

98 


“93 

75 



Erie 

...AP 

736 

1935-1939 

96 

“85 





Harrisburg 

..AP 

339 

1935-1939 

103 

91 

"95 




Philadelphia. 

..CO 

200 

1871-1947 

106 


95 

78 

97 


Philadelphia. 

AP 

18 

19<I0-1947 

100 






Pittsburgh 

CX) 

929 

1875-1947 

103 


"95 

75 

89 


Pittsburgh... 

..AP 

1284 

19.35-1947 

102 

“88 





Reading... 

.CO 

.311 

191.3-1947 

105 


"95 

“ 7.5 



Scranton 

..CO 

877 

190f-1947 

lai 


95 

75 



Sunbury 

.AP 

448 

19.35-19.39 

101 

”89 




R. 1... 

Block IslanX... 

.CO 

46 

1881-1947 

93 


95 

“75 



Providence 

..CO 

77 

1904-1947 

100 


il3 

75 

o!? 

8 . C 

Charleston 

.CO 

59 

1871-1947 

104 


95 

78 

9.8 


CharloBlon 

..AP 

51 

1940-1947 

103 

■91 
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CHAPTER 15 


1049 Guld* 


Tabu 5. Pbopobbd Stambabd Valubs orlm , Dibbct SoLARRADUTioirRBcnTXD at 
NORMAL INCIDENCE, at thb Eabte’s Subfacb*' ^ 


Solar 
Altitude. 0 
Deg 

Btu per 
(Hr) (Sq Ft) 

Solar 
Altitude. 0 
Deg 

Btu per 
(Hr) (Sq Ft) 

Solar 
Altitude. 0 
Deg 

Btu per 
(Hr) (Sq Ft) 

5 

65 

■mi 

234 

60 

276 

10 

122 


245 

70 

283 

15 

165 


253 

80 

289 

20 

196 


260 

90 

294 

25 

219 


266 




* Calculated uains the following aasumptiozifi: barometric preesure of 760 mm Hg (29.021 in.); depth of 
predpitable water of 20 mm (0.787 in.); duat particles, by counting, 300 per oc; partial pressure of the ozone 
ayer in the atmosphere of 2.8 mm Hg (0.110 in.). This is representatiTe of a dear summer day. 

^ For sea level. As an approximate altitude correction, add 1 per cent for each 1000 ft altitude. 

determined once the indoor and outdoor design conditions are fixed. Cal- 
culations will be discussed subsequently. 

INSTANTANEOUS HEAT LOAD 

The total cooling load is frequently divided for convenience^into two 
components; sensible heat and latent heat While this subdivision is not 
imperative, past practice has found it convenient. 

A gain of sensible heat is considered to occur when there is a direct addi- 
tion of heat to the enclosure by any one or all of the mechanisms of conduc- 
tion, convection, and radiation. A gain of latent heat is considered to occur 
when there is an addition of water vapor to the air of the enclosure. For 
example, when the humidity in an enclosure is increased by water vapor 
emitted by human occupants, or by water vapor resulting from a process 
such as cooking, the heat required to vaporize the water does not come from 
the air. Maintenance of a constant humidity ratio in a sealed enclosure 
requires the condensation of water vapor in the cooling apparatus at a rate 
equal to its rate of addition within the enclosure. The rate of heat removal 
from this condensing vapor would be substantially equal to the product of 
the rate of condensation and the latent heat of condensation ; this product, 
expressed in Btu per hour, would be called a latent heat load. 

As a further example, the infiltration of outdoor air with a high dry- 
bulb temperature and a high humidity ratio and the corresponding escape 
of room air at a lower dry-bulb temperature and a lower humidity ratio 
would increase both the sensible heat load and the latent heat load, 

SOLAR AND SKY RADIATION AND TRANSMISSION LOSSES 
Magnitude of Solar Radiation-Calculation Tables 

If a plane surface were set perpendicular to the rays of the sun (e.gr., 
for normal incidence) outside the earth’s atmosphere, it would receive solar 

Tablb 6. Approximath Ratio op Direct Solar Radiation to Sky 
Radiation Received on a HORIZONTAL SURFACE on Clear 
Days in Eastern States* 


Solar 

Altitude, 0 

Dkg 

Ratio 

€ 

Solar 
Altitude, 0 

Deg 

Ratio 

e 

Solar 
Altitude, 0 

Deg 

Ratio 

e 

0 

0 

40 

3.84 

70 

5.63 

10 

1.40 

50 

4.55 

80 

5.90 

20 

30 

2.30 

3.10 

60 

5.20 

90 

6.10 


* For rough eBUxnatoB aMume that the sky radiation on a wrtieal surface is one half of that on a horizontal 
surface. Sky radiation may be assumed independent of vertical-surface orientation. 
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Fig. 1. Definition of Bolab 
Altitude 


Fio. 2. Definition of Angle 
OF Incidence 


radiation of about 420 Btu per (hr) (sq ft). A similar receiving surface 
on the surface of the earth would receive radiant energy at a considerably 
lower rate because a large part of the radiation entering the atmosphere is 
scattered in passing through the air, moisture, smoke, and dust which 
comprise the earth’s envelope. Also, some of the atmospheric constitu- 
ents, notably water vapor, carbon dioxide, and ozone, absorb radiant energy. 
This^ absorption and scattering cause different proportionate reductions 
fromyouter-atmosphere radiation intensity with different wave-lengths. 
An exact analysis of these phenomena is beyond the practical purposes of 
air-conditioning load estimates; the important principle to remember is 
that the radiation reaching the surface of the earth is ^e sum of In and 7.. 

In = The direct radiation (at normal incidence), which is the transmitted fraction 
of the net sun radiation received by the outer atmosphere, and 

7, — The sky or diffuse radiation coming from the atmosphere itself as a conse- 
quence of the scattering and absorption which give rise, in part, to a re- 
radiation to the earth. The diffuse radiation does not strike only at normal 
incidence; it strikes at all angles from which the sky sees the surface in ques- 
tion. 

Standardized, practical-purpose values of the direct solar radiation inci- 
dent upon a plane perpendicular to the sun’s rays at the earth’s surface 
have been proposed by P. Moon.* Table 5 gives these data ; they are repre- 
sentative of a clear summer day at about sea-level elevation. (For indus- 
trial areas, In values will be slightly less than Table 5, with the greatest 
decrease occurring at low solar altitudes towards evening.) 

Practical design data on sky radiation are meager. Table 6 presents a 
basis of estimates for clear summer days in terms of the direct solar radia- 
tion to sky radiation ratio. 

The solar altitude is the angle (see Fig. 1 ) between the sun’s rays and the 
horizontal. 

In the usual application the receiving surface (e.gf., building roof or wall) 
will not be perpendicular to the rays of the sun. The intensity of the 
direct radiation incident upon a surface, Btu per (hour) (square foot of 
absorbing surface), which is oriented with an angle of incidence 6 for the 
sun’s rays, is 

/d = AVn, (1) 

where 7d * Intensity of incident direct radiation, Btu per (hour) (square foot of 
absorbing surface). 

In *= Intensity of direct radiation on a plane normal to the sun’s rays, Btu per 
(hour) (square foot), (from Table 6). 

K Bs Cosine of the angle of incidence B, 

The angle of incidence (see Fig. 2) is the angle between the sun’s rays 
and the normal to the absorbing surface. 
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For horigmUd surfaces the magnitude of is determined by the time of 
year, the time of day (sun’s position), and the latitude of the location con- 
cerned. For vertical surfaces, a fourth factor is needed: the aaimvlh of 
the surface. The azimuth (see Fig. 3) is the an^e, measured clockwise, 
from the south to the exterior side of tiie wall in question. 

Complete tabulated calculations are available for magnitudes of the 
factor K, extending over all latitudes, all azimuths, all months of the year, 
and all hours of the day.' Illustrative excerpts are given in Tables 7 and 
8. Data of this tjrpe are valuable for all manner of problems involving 
solar radiation, and not only for cooling-load calculations. 

The reader is warned that values of K from Tables 7 and 8 include only 
the direct radiation ; sky radiation must be calculated separately and added 
to the direct radiation (see Table 6). 

The use of Tables 5, 6, 7, and 8 requires that the relation between solar 




Fia. 3. Definition of Azimuth 

The azimuth angle a is alwayi measured clockwise from the south to the exterior side of the wall in 
question. 


altitude and mean sun time be available in convenient form. Table 9 
provides this information. 

The preceding discussion has been concerned only with incident radiation. 
When radiation is incident upon a surface, part is reflected, part is ab- 
sorbed, and, if the material transmits radiant energy, part is transmitted. 
Moreover, the building surfaces themselves send out radiant energ}^ to the 
sky and to the surroundings. The heat balance on an outer surface, for a 
unit time interval, may be expressed as follows: 


Heat entering 
outer surface 



Incident direct 
solar radiation 
Reflected sky 
radiation 


f Incident sky 
\ radiation 
f Radiation emitted 
\to sky by surface 


Reflected direct 
radiation 
Air-to-surface 
convection (2) 


The convective heat transfer may be either to or from the surface, de- 
pending upon whether the air temperature is higher or lower than the sur- 
face temperature. No term has been included to represent radiation ex- 
change with other objects in the surroundings, as this effect is not usually 
of significant magnitude relative to the others. 

In practical calculations, the difference between incident and reflected 
radiation is computed by multipl 3 ring the incident radiation by a factor 
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Tablb 7. Values of K fob Hobizontal Planes in Nobth Latitudes^ 
Dubing the Pebiod Mat 2-Auoust 10 


Local Mean 

Sun Time*> 

A . M . P . M . 

North Latitude — Decrees 

25 

30 

35 

40** 

45 

50 

5 

7 




.034 

.070 

.106 

6 

6 

.iTs 

.171 


.220 

.212 

.262 

7 

5 

.365 

.382 

.305 

.406 

.414 

.418 

8 

4 

.570 

.578 

.581 

.580' 

.574 

.564 

9 

3 

.747 

.746 

.740 

.729 

.712 

.689 

10 

2 

.882 

.876 

.863 

.843 

.817 

.785 

11 

1 

.967 

.957 

.940 

.915 

.884 

.845 

12 

.996 

.985 

.966 

.940 

.906 

.866 


* Figured for solar declination of 20 deg. ^The relation between local mean sun time and civil time may 
be obtained from Weather Bureau offices in various localities. 


called the absorptivity or the emissivity; see Table 6 and Equation 3, 
Chapter 5. Convection is calculated as explained in Chapters 5 and 6. 

The daytime radiation emitted to the sky by a surface is not usually 
calculated as a separate item in practical air-conditioning work. Its 
effect may be roughly accounted for by an adjustment of the magnitude of 
the absorptivity factor for solar radiation, and this approach is often fol- 
lowed in making emissivity measurements for building materials exposed 
to the sun and 3cy. 

When a building surface is exposed to a clear night sky, there is an appre- 
ciable net exchange of low temperature radiant energy from the surface 
to the sky, but this is not considered for the usual comfort cooling calcula- 
tion. When peak load conditions occur at night, nocturnal radiation is of 
particular importance for glass sections. For further information, see 
Brunts equation as given by Haurwitz.^ 


Table 8. Values of K for Vebtical Planes in North Latitudes During 
THE Period Mat 2>August 10 


Lati- 

tude* 

Local Mean 
Sun Time»» 

Azanmi Scales for Values or K in Ordinary Ttfe* 

Deg 

A.M. ^ 

0 

15 

30 

45 

60 

75 

90 

105 

120 

135 

150 

165 

180 


4 

P.M.> 

180 

165 













6 

6 

.940 

.831 

.666 

.455 

.213 

. 04 s 

Jg9e 

,699 

,796 

.874 

M9 

.954 

J40 


7 

5 

.908 

.832 

.699 

.518 

.303 

.066 

A7B 

404 

,606 

.766 

.879 

J99 

.908 

30 

8 

4 

.814 

.770 

.674 

.532 

.354 

.151 

Ml 

J70 

,460 

.619 

.736 

.809 

.814 


9 

3 

.664 

.651 

.593 

.495 

.363 

.207 

.036 

,197 

,901 

.444 

.667 

.639 

.664 


10 

2 

.470 

.482 

.462 

.410 

J3l 

.229 

.111 

,016 

.199 

M4 

.359 

.496 

.470 


11 

1 

.243 

.276 

.289 

.283 

.258 

.217 

.158 

.089 

.015 

.061 

.198 

.194 

J49 



12 

.000 

.045 

.087 

.123 

.150 

.168 

.174 

.168 

.150 

.123 

.087 

.045 

.000 


.4 

7 

.908 

.770 

.579 

.349 

,09S 

.165 


,696 

.816 

.934 

JB93 

.984 

.908 



6 

.940 

.845 

.693 

.493 

.260 

.010 


.477 

.679 

M6 

.955 

.970 

.940 


7 

5 

.908 

.859 

.751 

.592 

.393 

.167 

,070 

,909 

.614 

.691 

.891 

.898 


45 

S 

4 

.814 

.809 

.750 

.639 

.485 

.298 

.090 

,199 

.999 

.619 

.660 

.769 



9 

3 

.664 

.701 

.689 

.631 

.530 

.392 

.228 

.048 

.196 

JOB 

461 

.683 



10 

2 

.470 

.540 

.574 

.568 

.524 

.444 

.334 

.201 

.054 

.096 

MO 

.968 



11 

1 

.243 

.338 

.411 

.455 

.468 

.449 

.400 

.323 

.225 

.111 

JOll 

.131 

■1 Hfl 



12 

.000 

.109 

.211 

.299 

.366 

.408 

.423 

.408 

.366 

.299 

.211 

.109 



t, 

■ 

360 

345 

330 

315 

300 

285 

270 

255 

240 

225 

210 

195 

180 



V . — ^ 

180 

195 

210 

225 

240 

255 

270 

285 

300 

315 

330 

345 , 

360 


'lime 

Azimuth Scales for Values of K in Italicized Type 


* Values for 30 deg latitude may be employed over the range 25 deg to 35 deg. Values for 45 deg latitude 
may be employed over the range 40 deg to 50 deg. Interpolation will yield values for the range 35 deg to 
40 deg latitude. 

^ The relation between local mean sun time and dvil time may be obtained from Weather Bureau offices 
in various localities. 

° Values in ordinary type are for asimuths 0 to 180 deg. Values in italic type are for asimuths 180 to 380 
deg. 
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The Sol-Air Temperature 

A convenient way of combining the effects of solar and sky radiation, 
solar absorptivity, temperature, and air movement is to use the concept 
of sol-air temperature. The sol-air temperature, Uy is the temperature of 
outdoor air which, in contact with the weather side of a material that is 
receiving no solar or sky radiation, would give the same rate of heat entry 
into that surface as would exist with the actual combination of incident 
solar and sky radiation and convective heat transfer. 

In order to calculate the rate of heat transfer into an outside building 
surface for any instant of time, it is necessary to consider : 

1. The intensity of direct solar radiation striking the surface. 

2. The absorptivity of the surface for direct solar radiation. 

3. The intensity of sky radiation striking the surface. 

Table 9. Relation Between Local Mean Sun Time and Solar Altitude 
During the Period May 2-August 10 for North Latitudes 


Local Mean 

Sun Time 

A.M. P.M. 

Solar Altitude 

North Latitude — Degrees 

25 

30 

35 

40 

45 

50 

5 

7 

0 

0 

0 

2 . 

4. 

0*. 

6 

0 

8.5 

10. 

11. 

12.5 

14. 

15. 

7 


21.5 

22.5 

23.5 

24. 

21.5 

24.5 

S 

4 

35. 

34.5 

35.5 

35.5 

35. 

34.5 

9 

3 

48.5 

48. 

47.5 

17. 

45 5 

43.5 

10 

2 

C2.^ 

Cl. 

59.5 

57.5 

55. 

51..} 

H 

1 

75.5 

73. 

70. 

60. 

C2. 

57 

12 


85, 

80. 

75. 

70. 

05. 

00. 


4. The absorptivity of the surface for sky radiation. 

6. The rate at which the surface emits radiation to the sky. 

6. The temperature of the surrounding air. 

7. The temperature of the outer building surface. 

8. The unit convective conductance for heat transfer between the air and the 
building surface. The magnitude of the convective conductance depends upon the 
position of the surface and the velocity of the wind or air currents. 

The simultaneous consideration of all these effects is too complex for 
practical application and therefore the sol-air temperature is developed 
as f ollovrs : 

1. The equation for the rate of heat transfer into the weather side of a sunlit build- 
ing material at any instant is written: 

. + /oOo — tO (bour) (square foot). (3) 

where h =* Absorptivity of weather side of material for incident solar and sky radia- 
tion, dimensionless. 

7t *= Rate of incidence of solar and sky radiation, Btu per (hour) (square foot). 
to ~ Outside air temperature, Fahrenheit degrees. 

/l “ Temperature of weather surface of the material, Fahrenheit degrees. 

/o ■= Unit convective conductance of outside surface, Btu per (hour) (square 
foot) (Fahrenheit degree). 








Cooling Load 


285 


2. The sol-air temperature is defined as: 


( 4 ) 

Jo 

« 

3. Then, the instantaneous rate of heat entry into the weather side of the structure 
becomes: 

^ “ /o(^e — li*) Btu per (hour) (square foot) (5) 

Example 1. If <* = 90 F, 6 = 0.7, 1 « 200 Btu per (hour) (square foot), and /o *= 4, 
find the sol-air temperature, U. Substituting these values in Equation 4: 



= 90 


0.7(200) 

• M 


125 F. 


Thus the instantaneous rate of entry of heat into the weather side of this material is 
precisely the same as if the air temperature were 125 F with no solar and sky radiation 
exchange with the surface. 

The preceding sol-air concept is intended for non-glass building areas. 
For glass surfaces a similar method could be developed, with the addition 
of terms to account for absorption within the material and outward radia- 
tion from the interior space. It is customary, however, to treat glass 
separately ; see section on Glass Areas in this chapter. 

The sol-air temperature is a composite quantity the magnitude of which 
is influenced by each of the variables entering its defining equation. Es- 
tablishing its ma^itude for desi^ calculations is part of the broad prob- 
lem of determining weather-design data. Sufficient studies have been 
completed, however, to produce some sol-air data of practical value. 

Data of the U. S. Weather Bureau for the 10-year period from 1932 
through 1941 have been studied for New York, N. Y.,^ and Lincoln, Nebr.* 
Only simultaneous values of the air temperature and solar and sky radia- 
tion have been combined in determining design values of the sol-air tem- 
perature for various surfaces at different times of day in these localities. 
Since the 24-hour average of the sol-air temperature is greater in July than 
for any other month at both stations, the sol-air temperature at each hour 
in July, which was equalled or exceeded at that hour only 16 times in 310 
observations, was chosen as the design sol-air temperature. 

Summer design sol-air temperatures are given in Table 10 for New York, 
N. Y. ; Table 11 gives similar data for Lincoln, Nebr. These data may be 
taken as representative for similar places in northern latitudes in the United 
States. 

Tables 10 and 11, referring to New York for an industrial area and to 
Lincoln, Nebr., for a non-industrial area, can be used to determine sol-air 
temperatures for other locations and conditions by applying corrections as 
explained in the following paragraphs (using the same symbols as given in 
Tables 10 and 11 but indicated by (') for other conditions) : 

1. To adjust the data in Tables 10 and 11 for the variation of 7t with latitude: 

a. Compute for the latitude in question from the data presented previously in 
this chapter. (For smoky industrial areas, decrease the direct radiation from Table 
5 by 15 to 20 per cent for afternoon hours.) 

b. Determine the difference (J'l — 70 and multiply this by 0.25. Find 1% « (/p/6) 
(tp — <o) from Tables 10 and 11. 

0 . Add (algebraically) the difference 0.25 (7% — 70 to the data tabulated. 
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Tablk 10. SumoiB Dxsiqn Sol-Aib Tbmpbbatttbbb fob Nbw Yobk, N. Y. 
(Nobth Latitttdb 40*46'; Elevation 180 Ft) 


Mean 

Sun Time 

Sol*Axr Temperature, to Fahrenheit Degrees 

Any Surfaceh 

Horizontal 

North 

East 

South 

West 

b 

Ration : 

0 

0.25 

0.25 

0.25 

0.25 

0.25 

fo 







12 midnight 

79 

79 

79 

79 

79 

79 

1 a.m. 

78 

78 

78 

78 

78 

78 

2 

77 

77 

77 

77 

77 

77 

3 

77 

77 

77 

77 

77 

77 

4 

76 

76 

76 

76 

76 

76 

5 

76 

76 


76 

76 

76 

G 

76 

81 

80 

89 

77 

77 

7 

80 

96 

85 


82 

82 

8 

82 

110 

85 

114 

86 

85 

q 

86 

127 

90 

120 

97 

90 

10 

88 

137 

92 

114 

104 

92 

11 

90 

148 

94 

106 

111 

94 

12 noon 

92 

155 

97 

97 

115 

98 

1 p.m. 

93 

154 

98 

98 

117 

108 

2 

94 

152 

99 

99 

112 

126 

3 


144 

99 


102 

136 

4 

94 

136 

99 

99 

99 

145 

5 

93 

121 

103 

97 

97 

140 

6 

90 

106 


93 

93 

134 

7 

88 

93 

102 

90 


115 

8 

85 

85 

85 

85 

85 

85 

9 

83 

83 

83 

83 

83 

S3 

10 

82 

82 

82 

82 

82 

82 

11 

81 

81 

81 

81 

81 

81 

24-hr avg. tm 

84.8 

106.4 

88.5 

92.3 

90.7 

96.5 


* aurface abacxrptivity, dimenaionleea. 

/o * unit oonvactive conductance, Btu per (hr) (aq ft) (F deg) 

^ Valuea in thia column are magnitudea of to, the outdoor air temperature. 


Table 11. Summer Design Sol- Air Temperatures for Lincoln, Nebr. 
(North Latitude 40 ® 60 '; Elevation 1225 Ft) 


Mean 

Sun Time 

Sol-Air Temperature, 4, Fahrenheit Degrees 

Any Surfaceh 

Horizontal 

North 

East 

South 

West 

b 

Ratio*: — 

0 

0.25 

0.25 

0.25 

— 

0.25 

fo 





imiiiH 


12 midnight 

89 

89 

89 

89 

89 

89 

1 a.m. 

88 

88 

88 

88 

88 

88 

2 

86 

86 

86 

86 

86 


3 

84 

84 

84 

84 

84 

84 

4 

84 

84 

84 

84 

84 

SI 

5 

82 

82 

82 

82 

82 

82 

6 

81 

87 

88 


82 

82 

7 

82 

103 

93 

125 

85 

85 

8 

88 

124 

04 

137 

92 

92 

9 

93 

143 

08 

142 


98 

10 

96 

160 

102 

138 

115 

102 

11 


172 

106 

129 

125 


12 noon 

102 

178 


115 


108 

1 p.m. 

104 

180 


110 

132 

119 

2 


178 

112 

112 

131 

137 

3 

107 


113 

113 

126 

150 

4 

107 

158 

112 

112 

117 

158 

5 

106 

142 

113 


110 

157 

6 

105 

126 

117 

108 

108 

149 

7 

102 


113 

104 


128 

8 

98 

99 

98 

08 

98 

98 

9 

94 

94 

04 

04 

04 

94 

10 

92 

92 

02 

02 

92 

92 

11 

90 

00 

90 

00 

00 

00 

24-hr avg, tm 

94.4 

121.6 

98.6 

105.9 

102.1, 

106.6 


* b ■> aurface abaorptivity. dimenaionleaB. 

fo unit convective conductance, Btu per (hr) (aq ft) (F deg). 

^Valuea in thia column are magnitudea of to, the outdoor air temperature. 
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2. To adjust the data in Tables 10 and 11 for variations in toi 

a. Establish the magnitude of if o at the locality in question. 

b. Determine the difference (f'o — O* 

c. ^Add (algebraically) the difference (t'o — to) to the data tabulated. 

3. To adjust the data in Tables 10 and 11 to other magnitudes of b/fo than 0.25: 

a. For New York or Lincoln, merely interpolate or extrapolate the tabulated data 
by direct proportion, using the column for h/fo “ 0. 

b. For other localities, first determine f'e = t*o + b/fo /'t for b/fo = 0 and b/fo « 

0.25. Then interpolate or extrapolate by direct proportion as before. 

Sol-air data for a particular locality may be adjusted for different 
azimuths of the vertical surface in question in a similar manner; althou^, 
all things considered, a simple interpolation between the four points of the 
compass should serve for all but the most accurate calculations. 

An example of the use of the tables in determining sol-air temperature 
is given. 

Example IS. Find the summer design sol-air temperature in New York, N. Y., 
for a west wall which has a solar absorptivity of 0.7, at a sun time of 3:00 p. m. 


b 0.7 

Use/o - 4; then — for this wall is rr or 0.175. 
Jo 4.0 


From Table 10: for- 
polation for this wall: 


0, f.. = 94 F; for — 
Jo 


0.25, to “ 136 F ; and by linear inter- 


“94+ (136 - 94) •= 94 + 29 = 123 F. 

0.25 

Sol-air temperatures are especially helpful in the calculation of periodic 
heat transfer, as will be illustrated in the material which follows. 

PRINCIPLES OF PERIODIC HEAT FLOW 

Calculation principles for periodic heat flow are dealt with briefly in this 
section ; in the section which follows, •practical tables are given to facilitate 
rapid design estimates. In addition to the rate of heat entry into the out- 
side building surface these tables take into account the following factors : 

1 . The thermal conductivity of material. 

2. The density, specific heat and character of material. 

3. Thickness of material. 

4. Room air temperature. 

5. Unit convective conductance between the inside surface and room air; and 
radiant heat transfer between the inside surfaces and other surfaces in the room. 


Time Lag 

The fundamental analysis of periodic heat flow is complicated when 
compared with steady-state calculations on account of the time-variable 
storage of heat from point to point through a wall or roof. The cyclic 
variation of outdoor conditions produces a related cyclic variation of tem- 
perature and heat flow throughout each structural section exposed to the 
weather. The cyclic variations undergo a progressive shift in phase and 
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decrease in amplitude in going through a wall with constant conditions 
maintained in the indoor space. 

By a shift in phase is meant that as the cyclic temperature wave passes 
through the wall, the time of occurrence of the maximum temperature at 
any point shifts farther and farther behind the time of the outer-surface 
maximum for successive positions throu^ the wall. The resultant time 
lag between the outer-surface and inner-surface TnaximiiTn temperatures 
is important, for it may be the determining factor in fixing the time of the 
maximum cooling load. 

By a decrease in amplitude is meant that as the cyclic temperature wave 
passes through the wall, the difference between the maximum temperature 
of a cycle and the mean temperature of the cycle, which is the amplitude 
of the wave by definition, decreases progressively as the wave passes 
through the w^. The magnitude of the temperature amplitude at the 
inner wall surface is necessary for the determination of the instantaneous 
rate of heat transfer to the indoor space. 

Practical design data for periodic heat flow comprise a means of deter- 
mining the time lag and amplitude decrement for different wall construc- 
tions and any given outdoor cycle of sol-air temperature. Both analytical 
and experimental studies have been made on this problem'. While the 
analytical solution has been written, it is far too detailed for direct use in 
rapid practical work ; and the extensive numerical work required to estab- 
li^ a basis for simplified calculations has been only partially completed. 
The method reported by Mackey and Wright' will be adopted as the basis 
for the design procedure recommended here. 

Homogeneous Walls or Roofs, Constant Bidoor Temperature 

For walls or roofs of a single, homogeneous material, the instantaneous 
rate of heat gain within an enclosure where the indoor air temperature is 
held constant is, approximately. 


■7“ U (tm — td +'\U (/»• — /m) Btu per (hour) (square foot' 


( 6 ) 


where Ub = 24-br average sol-air temperature for the particular value of ~ , Fahren- 

Jo 

heit degrees. 

X = Amplitude decrement factor, a variable that depends upon the thickness, 
material, and orientation of the wall or roof; see Table 12 for values. 
The amplitude decrement factor X as used in this chapter is equivalent 

( 1 65 X X\ 

— — \ as defined by Mackey and Wright^ and also used by Stew- 
art“. 


U 


L 

k 


Sol-air temperature at a time earlier than the time for which the lu'at 
gain is being found by an amount that is equal to the time lag of the 
wall or roof, Fahrenheit degrees; see Table 12 for values of time lag. 
Over-all coefficient of heat transfer of the wall or roof, Btu per (hour) 
(square foot) (Fahrenheit degree), 


u = 


/i /. * 


^+2+r 0.866 -i-f: 

1.65 4k k k 


Thickness of building material, feet. 

Thermal conductivity of building material, Btu per (hour) (square foot) 
(Fahrenheit degree per foot). 

IJnit convective conductance (film coefficient of heat transfer) of in- 
door air, Btu per (hour) (square foot) (Fahrenheit degree). 
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fo “ Unit convective conductance (film coefficient of heat transfer) of outdoor 
air for summer conditions of approximately 7.5 mph wind velocity, Btu 
per (hour) (square foot) (Fahrenheit degree). 

The time at which the maximum occurs in the rate of heat entry into the 
outside surface of walls or roofs is takeii as the time at which the peak point 
occurs in the sol-air temperature cycle (mean sun time is used in the sol-air 
cycles). The corresponding maximum rate of heat entry follows from 
Equation 6 with te* being the maximum temperature of the sol-air cycle. 

The time of maximum heat gain to the room is obtained by adding the 
time lag to the time of maximum sol-air temperature (from Tables 10 or 
11) for the particular wall or roof. 

The magnitude of the second term in Equation 6 relative to the first 
term indicates the relative portion of the structural heat in-flow assignable 

Table 12. Periodic Heat Flow Data for Homogeneous Walls or Roofs 





Thermal 








Over-all 

Resistance 


Factor. \ . in Equation r 


Thick- 

Coefficient. 

of Solid 

Ti.mE 





Material 

MESS, 

Btu per (hr) 

Material, 
(hr) (SQ Fl) 

Lag, 






In. 

(SQ ft) (‘’F) 

Hr 







(®F)^Btu 

T 


Horizontal 
and North 

East 

South 

West 


8 

0.67 


5.5 

0.61 

0.30 

0.48 

0.42 

Stone 

12 

0.55 


8.0 

0.28 

0.19 

0.26 

0.22 

IG 

0.47 


10.5 

0.17 

0.10 

0.15 

0.13 


24 

0.36 


16.5 

0.06 

0.03 

0.05 

0.0-i 


2 

0.98 

0.17 

1.1 

0.93 

0.87 

0.92 

0.89 


4 

0.84 

0.33 

2.5 

0.79 

0.68 

0.76 

0.72 

Solid Concrete 

6 

8 

0.74 

0.66 

0..50 

0.67 

3.8 

5.1 

0.61 

0.49 


0.58 

0.46 

0.51 

0.39 


12 

0.54 

1.00 

7.8 

0.29 

0.17 

0.26 

0.22 


16 

0.46 

1.33 

10.2 

0.17 

mjM 

0.15 

0.12 


4 

O.GO 

0.80 

2.3 

0.83 

0.75 

0.81 


Common Brick 

12 

O.ll 

0.31 1 

1.60 

2.40 

5.5 

8.5 

0.51 

0.26 1 

0.39 

0.17 




16 

0.25 

3.20 

12.0 

0.13 

O.OS 

0.12 

0.10 

Face Brick 

wKM 

0.77 

0.44 

MM 

0.81 

0.70 

0.78 

0.74 



0.68 1 


0.17 

1.0 


1.0 


Wood 


0.48 


0.45 

1.0 j 

0.99 

0.99 

0.99 



0.30 


1.3 

0.98 

0.91 

0.90 

0.94 


H 

0.42 

1.51 

0.08 

1.0 

1.0 

1 0 

1.0 

Insulating 

Board 

1 

2 

0.26 

0.14 

3.03 

6 05 

0.23 

0.77 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

4 

0 08 

12.1 

2.7 

0.83 

0.74 

O.Sl 

0.76 


0 

0.05 

18.2 

5.0 

0.64 

0.49 

0.61 

0.55 


^ Based upon an outdoor combined film coefficient of 4.0 and an indoor combined film coefficient of heat 
transfer of 1.65 Btu per (hour) (square foot) (Fahrenheit degree). 


to periodic heat flow. The periodic term is continually passing through a 
cydic variation from zero to a positive maximum, to zero, to a negative 
maximum, to zero again and so on over each 24 hour cycle. Surfaces with 
different exposures pass through these cycles with maximum points at dif- 
ferent times of day. 

An example in the use of Tables 10, 11, and 12 follows: 

Example S. Find the instantaneous design rate of heat gain through an 8-in. west 
wall of common brick (6 » 0.7, /o = 4) located in New York, N. Y., at 9:30 p.m. sun 
time, when the temperature of the indoor air is constant at 80 F. 

From Table 12, U « 0.41, the time lag is 5.5 hr, and X = 0.44. 

By linear interpolation on the basis of the value of b/fo in Table 10, 

U = 84.8 + (96.5 - 84.8) - 93 F. 

0.25 
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Table 13. Suhuer Dsbion Sol-Air Tbuperaturrb Ubbd for Tablbb 14 

AND 15 


Mian Sun min 

SoL-AxB TlMPaBATUBB FABBBNHBir DbOBBU 

Any 

Sur- 

Horis. 

North 

East 

South 

West 

Ra«o»:^ 

B 

0.225 

0 

0.225 

0.125 

0.225 

0.125 

0.225 

0.125 

12 Midnight 

77 

77 

77 

77 

77 

mm 

Pi 

77 

77 

1 AM 

76 

76 

76 

76 

76 



76 

76 

2 

76 

76 

76 

76 

76 

K9 


76 

76 

3 

75 

75 

75 

75 

75 

75 

75 

75 

75 

4 

74 

Bl 

Bl 

74 

74 

mM 

74 

mM 

mm 

5 

74 

mm 

Bl 

75 

80 

Mm 

74 

Mm 


6 

74 

kI 

In 

no 

93 

mm 

74 

mSM 


7 

75 

11 

m 

123 

100 

75 

75 

Mm 

Hi 

8 

77 

106 

77 

in 

103 

82 

78 

77 

77 

9 

80 

119 

80 


104 

93 

86 

80 

80 

10 

83 

129 

83 

ill 

100 

102 

93 

83 

S3 

11 

87 

137 

87 

108 

96 

no 

99 

89 

87 

12 Noon 

90 

142 

90 

92 

92 

114 


96 

92 

1 PM 

93 

144 

93 

93 

93 

115 

105 

no 

102 

2 

94 

140 

94 

95 

94 

111 


124 

111 

3 

95 

132 

95 

95 

95 



135 

119 

4 

94 

120 

94 

94 

94 

99 

96 

141 

120 

5 

93 

107 

93 

93 

93 

95 

94 

139 

118 

6 

91 

96 

91 

91 

91 

91 

91 

125 

111 

7 

87 

90 

87 

87 

87 

88 

87 

103 

94 

8 

85 

85 

85 

85 

85 

85 

85 

85 

85 

9 

83 

83 

83 

83 

83 

83 

83 

83 

S3 

10 

81 

81 

81 

81 

81 

81 

81 

81 

81 

11 

79 

79 

79 

79 

79 ! 

79 

79 

79 

79 

24 Hr Avg tm 

83.1 

100.5, 

83.1 

93.0 

88.4 

89.0 

86.2 

93.0. 88.4 


surface absorptivity, dimensionless: roof « 0.9; dark walls ^ 0.9, and light walls => 0.5. fo » unit 
convective conductance 4.0 Btu per (hr) (F deg). 

^ values in this column are magnitudes of to, the outdoor air temperature. 


The design sol -air temperature at a time earlier than 9:30 p.m. by the time lag (at 
4:00 p.m.) for a west wall in New York, N. Y., is, from Table 10, 

t'. - 94 4- (145 - 94) - 129.7 F 

0.25 

From Equation 6, the instantaneous design rate of heat gain is 

4 - 0.41 [(93 - 80) 4- 0.44 (129.7 - 93)1 
A 

11.9 Btu per hour for each square foot of sunlit surface. 

From Table 12, the time lag is 5.5 hr. From Table 10, the time of maximum rate of 
heat entry for a west wall is 4:00 p.m. The time of maximum instantaneous rate of 
heat gain by the enclosure, as far as the west wall is concerned, is then 4:00 p.m. plus 
5.5 hr or 9 :30 p.m. (This is sun time,) The computed rate is therefore the maximum. 
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FACTOR X 



Fig. 4. Approximate Value of the Amplitude Decrement Factor X for 

Use in Equation 6 


Composite Walls or Roofs, Constant Indoor Temperature 

A composite wall or roof is made up of two or more layers of different 
materials. Since the analytical solution for this type of construction has 
not been reduced to simple and practical terms, it is necessary at present 
to utilize approximate procedures. In accord with the results of com- 
parative calculations, the following procedures are suggested^ 

To find the time lag for a composite construction : 

a. Find the time lag for each layer from Table 12. 

b. Add the individual time lags, recognizing that this sum will always be less than 
the true time lag for the actual composite wall. 

c. To the sum from (b), add an arbitrary additional lag of J to 1 hr to obtain the 
estimated lag for the actual construction. For two-layer and light construction 
walls, the i-lir value will be suitable while, for walls of three or more layers, or very 
heavy construction, the 1-hr value is preferred. For intermediate conditions, indi- 
vidual judgment is the only guide. (Computed time lags should not be considered 
to be accurate closer than to about the nearest hour by this method.) 

To find the amplitude decrement factor^ X, for composite construction: 

Having determined the time lag and the orientation, use Fig. 4. (Note also that 
the factor X for a composite construction should never exceed the product of the fac- 
tors for the individual layers.) 

One valuable result of the analytical studies made to date on composite 
walls has been the demonstration of the effect of the order of the materials. 
Other factors remaining the same, the use of the material of lower density 
on the weather side will increase the time lag and decrease the instan- 
taneous maximum rate of heat gain. 

Two examples are given to show how to estimate, roughly, the instan- 
taneous rate of heat gain through sunlit composite walls or roofs. 

Example 4. Estimate the maximum instantaneous design rate of heat gain from 
a horizontal roof in New York, N. Y ., that is made up of black built-up roofing on the 
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weather side (6 ~ 1;/, •• 4; thermal resistance — 0.28), 1 in. of insulating board, and 
4 in. of concrete with no ceiling, when the temperature of the indoor air is 80 F. 

The over-all coefficient of heat transfer for this construction is: 

^ “ 6:25 + 6.i» +■ 3^3 + 0.33 -I- 0.61 " ^ 

If the time lag of the built-up roofing be ignored, the sum of the time lags of the 
individual layers is, from Table 12, (0.23 + 2.5) or 2.73 hr. 

Actually, the time lag will be between 0.5 hr and 1 .0 hr greater than this, so assume 
a time lag of 3.5 hr. 

From Table 12, the homogeneous concrete roof having a time lag of 3.5 hr would 
have a value of X of about 0.65; use this value for the composite roof. 

From Fig. 4, X is approximately 0.65. 

With values of tm and found from Table 10, as in previous examples, use Equa- 
tion 6 and find the maximum design instantaneous rate of heat gain as : 


I - 0.22 [(106.4 - 80) -H 0.65 (155 - 106.4)] = 13 Btu per (hr) (sq ft). 

The maximum instantaneous rate of heat gain from this roof would occur at about 
3:30 p.m., sun time. 

Example 5. Estimate the maximum instantaneous design rate of heat gain from a 
south wall in Lincoln, Nebr., consisting of 4 in. of face brick (6 = 0.7;/© = 4), 4 in. of 
common brick, furred, with an air space (thermal resistance = 0.75), and finished on 
the inside with J in. of plaster on metal lath (thermal resistance = 0.23); the tem- 
perature of the indoor air is constant at SO F. 

The over-all coefficient of heat transfer for this construction is: 


U 


1 

0.25 + 0.44 + 0,80 + 0.75 + 0.23 + 0.61 


= 0.32 Btu per (hr) (sq ft) ( F deg). 


From Table 12, the sum of the time lags for the face brick and the common brick 
is (2.4 + 2.3) or 4.7 hr. The actual time lag will be slightly greater than this, and a 
value of 5.5 hr will be assumed. 

From Fig. 4, X is approximately 0.45. 

By interpolation in Table 11, tm = 99.8 F, and U* = 123.6 F. From Equation 6 
the maximum instantaneous design rate of heat gain is: 


4 = 0.32 [(99.8 - 80) -f- 0.45 (123.6 - 99.8)1 = 9.8 Btu per (hr) (sq ft). 

A 

The time of this heat gain is about 6:30 p.m., sun time. 

Those concerned with a further study of the details of cooling-load estimates in par- 
ticular relation to periodic heat flow will find much of value and interest in the re- 
ports of experimental studies of these problems^' *- 


PRACTICAL TABLES FOR CALCULATING SOLAR HEAT 
GAIN THROUGH WALLS AND ROOFS 

Use of Equivalent Temperature Differentials 

The preceding paragraphs have explained the principles and methods 
used in estimating solar heat gain by use of sol-air temperature. This 
method is rather tedious and is not convenient for every-day use. Some 
new practical tables^^ have therefore been developed using the basic 
method reported by Mackey and Wrightf^. These new tables utilize 
equivalent temperature differentials which may be multiplied by the overall 
heat transmission coefficient U to give directly the total heat transmission, 
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Btu per square foot, from solar radiation and from temperature difference 
between outside and room air. 

These tables were prepared from sol-air data as ^own in Table 13 which 
is approximately the same as New York data in Tablq 10. It is su^sted 
that Tables 14 and 15 be used for general estimating purpose. 

These analytical procedures as well as those using Tables 10, 11 and 12 
presented here yield generally higher rates of heat gain than reported 
for Pittsburg in early A.S.H.V.E. experimental studies. Current author- 
itative opinion is that the analytical calculations are to be preferred, all 
factors considered. 

Tables 14 and 15 are based on an equation re-arranged from Equation 6 
to read : 


4 “ Urn + x («:-«»)- til. (7) 

A 

Let tin + X (C — <in) = ^p, a net equivalent outdoor temperature for com- 
bined periodic and mean heat flow. Magnitudes of will vary cyclically 
with time. Then, 


7 = (8) 

A 

which is a simple form analogous to the steady state equations of Chapters 
5 and 6. The rate of heat flow is obtained by multiplying the overall heat 
transmission coefficient of the structure by the equivalent temperature 
differential obtained from the tables. 

Tables 14 and 15 were developed by using an outside film conductance 
of 4.0 and an inside film conductance of 1.65 Btu (hr) (sq ft) (F deg). 
A reduction was made in the temperature differentials for roofs amounting 
to some 20 per cent of solar radiation as explained by Stewart^. This was 
to compensate for several factors, one of which is the radiant heat lost to the 
sky which is not included in the Mackey and Wright method. The tem- 
perature differentials for roofs were based on an inside film conductance of 
1.65 because the charts prepared by Mackey and Wright^ used this value 
and it was not considered practicable to repeat their work using a different 
film coefficient. An examination of the values given in their paper indi- 
cates that the temperature differential would be changed very little even if a 
value 1.20 were used instead of 1.65. But to obtain the heat flow rates 
through roofs, more accurate values will be obtained if the overall heat trans- 
mission coefficient is calculated using 1.2 as the inside film conductance of 
heat transfer in summer. 

The roof coefficients of transmission for summer shown in Table 16 are 
based on film conductances / of 4.0 for an outside roof surface and 1.20 
for an inside ceiling surface. The outside conductance 4.0 is used for 
summer because it corresponds to a wind velocity of approximately 7.5 
mpli averaged for rough and smooth surfaces and is more representative 
of summer wind velocities. Also the lower wind velocity should be used in 
order to be on the safe side in determining the sol-air temperature. The 
inside conductance 1.20 is used because the convective portion of the film 
conductance factor of downward heat flow from a horizontal surface is 
appreciably less than the winter conductance which applies when heat is 
flowing upward. 

Since there is little difference in wall transmission coefficients for summer, 
based on conductances of 4.0 and 1.65, and the winter coefficients, based 
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Table 14. Total Equivalent Temperature DipPERENTiALa for Calculatino 
Heat Gain Through Sunlit and Shaded Roofs 


SvN Tnii 


Description ot Root Construction* 

A.M. 



1 ^ 

10 

12 

D 

n 

n 

D 



Light Construction Roots— Exposbd to Sun 


1^ Wood** or 

1 

1 






1^ Wood^ + or 2^ Insulation 

12. 38 

54; 62 

50 

26 

10 

4 

0 


MRDiuif Construction Roots— Exposed to Sun 


2^ Concrete or 

2^ Concrete + 1^ or 2^ Insulation or 

2 ^ Wood** j 

o 

00 

58 

50 

j 32 

14 

6 

2 

2^ Gypsum or 

2^ Gypsum + l'^ Insulation 
r Wood** or ] 

2^ Wood** or 1 + 4^ Rock Wool 

2^ Concrete or [in Furred Ceiling 

2 '^ Gypsum J 

1 

1 

O' 20 

i i 

40 

52 

54 

1 

42 

20 

10 

6 

4^ Concrete or 

4^ Concrete with 2^ Insulation 

i i 

0, 20 

38 

50 1 52 { 40 

22 

12 

6 


Hbayt Construction Roofs— Exposed to Sun 


6^ Concrete 

6\ Concrete + 2"^ Insulation 

4; 

6, 

6 

6 

24I 38 1 46 
20| 34 i 42 

44 

44 

32 

34 

18 

20 

12 

14 

Roots Covered with Water— 

-Exposed to Sun 





Light Construction Roof with 1^ Water 

0 

4 

161 22 

18 

14 

10 

2 

0 

Heavy Construction Roof with 1" Water 

-2 

-2 

-41 10 

14 

16 

14 

10 

6 

Any Roof with Water 

-2 


0; 6 

10 

10 

8 

4 

0 

Roofs with Roof Sprats— Exposed to Sun 

Light Construction 

o' 

4 

I2I 18 

16 

14 

10 

2 

0 

Heavy Construction 

-2' 

-2 

2| 8 

12 

14 

12 

10 

6 

Roofs in Shads 

Light Construction 



6; 12 

14 

12 

8 

2 

0 

Medium Construction 



2i 8 

12 

12 

10 

6 

2 

Heavy Construction 



0| 4 

8 

10 

10 


4 


* Includes 1 in. felt roofing with or without slag. May also be used for shingle roof. ^ Nominal thickness 
of the wood. 


NOTES FOR TABLE 14 


Explanation: 


Total heat transmission from solar 
radiation and temperature difference 
between outside and room air. Btu 
per (hr) (sq ft) of roof area 


Equivalent temperature 
differential from above 
table 


f Heat traiiHTuission 
coefiicient for sum- 
mer 13t« jier (hr) 
(sq ft) K deg 


1. Source. Calculated by Mackey and Wright method (see reference list) and adjusted after studying 
ASHVE original test data. EstimatM for July in 40 deg north latitude. (For Sol-air temperatures us^ in 
calculations see Table 13.) For typical design day where the maximum outdoor temperature is 95 F and 
minimum temperature at night is approximately 75 F (daily range of temperature, 20 F) mean 24 hr tem- 
perature 84 F for a room temperature of 80 F. All roofs have been assumed a dark color which absorbs 00 
per cent of solar radiation, and reflects only 10 per cent. 

2. Application. These values may be used for all normal air conditioning estimates; usually without 
correction , in latitude 0 deg to 60 deg north or south when the load is calculated for the hottest weather . Note 
6 explains how to adjust the temperature differential for other room and outdoor temperatures. 


8. Peaked Roofa. If the roof is peaked and the heat gain is primarily due to solar radiation, use for the 
area of the roof, the area projected on a horisontal plane. 

4. Attica. If the ceiling is insulated and if a fan is used in the attic for positive ventilation, the total tem- 
perature differential for a roof exposed to the sun may be decreased 25 per cent. 
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6. Corrfeftofu. For temperature iiferenee when outdoor maaimum iuign temperature minue room ie dif- 
ferent from 16 deg. If th« outdoor temperaturo minus room temperature is different from the base of 
16 dec, ooireot as follows: When the difference is greater (or leas) than 16 deg add the excess to (or subtract 
the dendency from) the above differentials. 

For outdoor daUy range of temperature other than tO deg. If the daily range of temperature is less than 20 
degf add 1 de^ for every 2 deg lower daily range; if the daily range is greater than 20 deg, subtract 1 deg for 
every 2 deg higher daily range. For example, the daily rhnge in Miami, Flor^a is 12 deg or 8 deg less than 
20 deg, therefore, the correction is + 4 deg at all hours of the day. 

Light Calore. Credit should not be taken for light colored roofs except where the permanence of the light 
color is established by experience, as in rural areas or where there is little smoke. When the exterior surface 
of roof exposed to the sun is a light color, such as white or aluminum (which absorb approximately M per cent 
and reflect 60 per cent of the solar radiation) add to the temperature differential for roof in shade 56 per cent 
of the difference between the roof in sun and roof in shade. When the roof exposed to the sun is a medium 
color such as light grey, blue or green, or bright red, add 80 per cent of this difference. 

For eolar tranamiseion in latitudee other than 40 deg north; and in other montha. The table values of tem- 
perature differentials will be approximately correct for a roof in the following months: 



North Latxtudb 

1 

South Latitude 

Lati- 


Lati- 1 


tude 

(deg) 

Months 

tude 

(deg) 

Months 

0 

All Months 

0 

All Months 

10 

All Months 

10 

All Months 

20 

All Months except No^ Deo, Jan 

20 

All Months except May, June, July 

30 

Mar, Apr, May, June. July, Aug, Sept 

30 

Sept, Oct, Nov, Dec, Jan, Feb, Mar 

40 

April, May, June, July, Aug 

May, June, July 

40 

Oct, Nov, Dee, Jan, Feb 

50 

1 60 

Nov, Dec, Jan 


For other months, the total temperature differential «x) may be approximated by the use of the following 
formula: 

<x “ "f" 7^ (<v f«) 

*y 

where U temperature differential for the same wall in shade for desired time of day; obtained from Table 
14. 

/y » maximum solar transmission through glass, Btu per (hr) (sq ft) for flat skylight in July, 40 deg 
north latitude (A'o/e: this is maximum value irrespective of time). 

/i » same as /y except use the maximum value for flat skylight, for month, and latitude desired for 

fx. 

ly » temperature differential for particular roof exposed to sun for the desired time of day from Table 
14. 

{Note that thia makea adjustment only for aolar radiation and that there may he additional correction for out- 
door temperature.) 


on 0.0 and 1.65, it is recommended that the overall coefficient U, for walls, 
be taken directly from the tables in Chapter 6 in which they are based on 
an outside film conductance of 6.0, corresponding to a 15 mph wind velocity. 

Advantages of Equivalent Temperature Differential Method 

1. The total sensible heat flow is obtained b}'^ multiplying the overall 
heat transmission coefficient, U, and the equivalent temperature differen- 
tial indicated in Tables 14 and 15. 

2. The temperature differentials listed for a few representative types of 
construction may be used on all classes of walls and roofs, even though 
the overall heat transmission coefficient is different, provided the structure 
has thermal and physical properties similar to one of those listed in Tables 
14 and 15. 

3. Adjustments can be made, according to instructions given in the foot- 
notes for room and outdoor conditions different from those on which the 
tables are based. 

Examples of Use of Equivalent Temperature Tables 

Example 6. Given: A roof is constructed of 6 in. of stone concrete with 2 in. of 
insulating board and tar felt roofing } in. thick; and is exposed to the sun. The loca- 
tion is the central part of the United States. Find the rate of heat flow into building 
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Tablb 15. Total Equivalbnt Tbmpbbatubb Diffbbbntialb for Calculating 
Hbat Gain Through Sunlit and Shadbd Walls 



41 8 41 lOi 4 12 6 12 6 10 0 10 G 610 

8| 10 6l 12 8 14 10 14 10 14 8 14 8 E 

6 10 61 10 6 12 8 14 10 14 10 12 8 NE 

4i 6 4i 6i 4 8 4 10 6 12 8 12 8 N 


SW 

W 

NW 

N (Shade) 



! lOj 

el 

10 

6 

10 

6 

10 

6 

10 

8 

10 

8 

12 

8 

14 

10 

1 121 


12 

8 

10 

6 

10 

6 

10 

0 

10 

6 

121 

8 

16 

10 

8' 


8 

4 

8 

4 

8 

4 

8 

4 

8 

6 

101 

6 

10 

6 

1 *! 

21 


2 

2 

2 

2 

2 

2 

2 

2 

2 

^1 

4 

0 

6 


8 In. Concretb or Stone or 6 In. or 8 In. Concrete Block 


2j 4 0 16| 8 14' 8 10 6 12 8 12 10 10 8 8 6 

4 14 8 24l 12 24i 12 18 10 14 10 14 10 12 10 10 8 

2 6 4 16 10 18i 12 18 12 14 12 12 10 12 10 10 8 

11 2 1 41 1 12i 61 16 12 18 12 14 12 10 8 8 6 


SW 

w 

NW 

N (Shade) 





NW 

W 

SW 

8 (Shade) 
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Table 15— Concluded. Total Equivalent Tehpebatubb Difvebentials fob 
Calculating Heat Gain Thbouoh Sunlit and Shaded Walls 


Sun Tims 


North 

Latitude 

Wall 

Facing 

A.M. 




— 


P.M. 


A 




South 

Latitude 

Wall 

Facing 

8 

10 

12 

* 

4 

6 

8 

10 


2 




Exterior color of Wall— D » 

dark, L 

- 

light 




L 

D 

L 

D 

L 

D 

L 

D 

L 

D 

L 


L 

D 




12 In. Concrete or Stone 


NE 

6 

4 

6 

2 

6 

2 

14 

8 

14 

8 

10 

8 

10 

8 

12 

10 

10 

8 

SE 

E 


6 

8 

6 

10 

6 

18 

10 

18 

12 

16 

10 

12 

10 

14 

10 

14 

10 

E 

SE 

8 

4 

8 

4 

6 

4 

14 

8 

10 

10 

16 

10 

14 

10 

12 

10 

12 

10 

NE 

S 

6 

4 

4 

2 

4 

2 

4 

2 

10 

6 

14 

10 

16 

12 

14 

10 

10 

8 

N 

sw 

8 

4 

8 

4 

6 

4 

6 

4 

8 

6 

10 

8 

18 

14 

20 

14 

18 

12 

NW 

w ' 

10 

6 

8 

6 

8 

6 

10 

6 

10 

6 

12 

8 

16 

10 

24 

14 

22 

14 

W 

NW ! 

6 

4 

6 

2 

6 

2 

6 

4 

6 

4 

8 

6 

10 

8 

18 

12 

20 

14 

SW 

N (Shade) 

0 

0 

0 

0 

0 

» 

0 


2 

2 


4 

6 

6 


_i 

6 

6 

S (Shade) 


NOTES FOR TABLE 15 


ISxplanation: 


Total heat transmission from solar 
radiation and temperature difference 
between outside and room air Btu 
Tier (hr) (sq ft wall area) 


Entii valent temperature 
differential from above 
table 


{ Heat transmission 
coefficient for wall 
Btu Tier (hr) (sq 
ft) (F dog) 


NOTES: 

1. SO UllCE. Same as Table 14. A north wall has been assumed to be a wall in the shade; this is practi« 
rally true. Dark colors on exterior stirface of w'alls have been assumed to absorb 90 per cent of solar radiation 
and reflect 10 ixir cent; white colors absorb 50 per cent and reflect 50 i>er cent. This includes some allowance 
for dust and dirt since clean, fresh w'hite paint normally absorbs only 40 per cent of solar radiation. 

2. APPLICATION, These values may be used for all normal air conditioning estimates, usually with- 
out corrections, when the load is calculated for the hottest weather. Correction for latitude (Note 3) is neces- 
sary only where extreme accura^ is required. There may be jobs where the indoor room temperature is 
considerably above or below 80 F or where the outdoor design tempemture is considerably above 95 F, in 
which case it may be desirable to make correction to the temperature differentials shown. The solar intensity 
on all walls other than east and west varies considerably with time of year. 

3. CORRECTIONS. Outdoor minus room temperature. If the outdoor maximum design temperature 
minus room temiierature is different from the base of 15 deg, correct us follows. When the difference is greater 
(or less) than 15 deg add the excess to (or subtract the deffciency from) the above differentials. 

Outdoor daily range temperature. If the daily range of temperature is less than 20 deg add 1 deg to every 
2 deg lower daily range; if the daily range is greater than 20 deg, subtract 1 deg for every 2 deg higher daily 
ran^. For example, the daily range in Miami, Florida is 12 deg, or 8 deg less than 20 deg; therefore, the cor- 
rection is + 4 deg. 

Color of exterior surface of wall. Use temperature differentials for light walls only where the permanence 
of the light w'all is established by exrferience. For cream colors use the values for light walls. For medium 
colors interpolate half way between the dark and light values. Medium colors are medium blue, medium 
green, bright red, light brown, unpainted wood, natural color concrete, etc. Dark blue, red, brown, green, 
etc., are considered dark colors. 

For latitudea other than 40 deg north; and «n other monihe. These table values will be approximately oorreot 
for the east or west wall in any latitude (0 deg to 60 deg North or South) during the hottest weather. In the 
lower latitudes when the maximum solar altitude is approximately 80 deg to 90 deg (the maximum occurs at 
noon) the temperature differential for either a south or north wall will be approximately the same as a north, 
or shade wall. The temperature differential {tx) for any wall facing, and for any latitude for any month may 
be approximated as follows: 


+ (*w- w 


where temperature differential for the same wall in shade for desired time of day; obtained from Table 
15. 

l\ — maximum solar radiation intensity transmitted throtigh glass, Btu per (hr) (sq ft) for particular 
wall facing, in July, 40 deg north latitude (nofs; this is maximum value irrespective of time). 

U same as h except use the maximum value for wall facing, for month, and latitude desired for 

tw temperature differential for particular wall facing, for tlie desired time of day from above table. 

(Note that this makes adjustment only for solar radiaiion and that there may be additional correction 
for outdoor temperature.) 

^OR INSULATED WALLS use same temperature differentials as used for uninsulated ^ 
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at 2:00 P.M. during July for an outdoor design temperature 05 F and an inside tem- 
perature 80 F. 

Solution: From Table 14 in 2 P.M. column for 6 in. concrete plus 2 in. insulation, 
find the total equivalent temperature differential 34 deg. The overall heat trans- 
mission coefficient for summer is taken from Table 16 and is found to be 0.13. The 
heat flow rate equals 34 X 0.13 » 4.42 Btu per (hr) (sq ft). 

Example 7: For the conditions of Example 6, find the rate of heat flow into build- 
ing at 2:00 P.M. during July for design temperatures of 105 F (outdoor) and 78 F (in- 
door). Dailv range of temperature 30 degrees, i.e., outdoor temperature minimum 
of 75 F which occurs at 4:00 or 5:00 A.M.; this being 30 deg less than the maximum. 

Solution: Make correction in equivalent temperature differential in accordance 
with Note 5 in Table 14 as follows: 

The correction for 27 deg design temperature difference is (27 — 15) = + 12 

( 3Q _ 20\ 

2 — ) “ “ 6 

Net total correction is-fl2 — 5s“-i-7 

The heat flow rate at 2:00 P.M. therefore is (34 + 7) X 0.13 =■ 5.32 Btu per (hr) 
(sq ft). 

A method of determining heat flow rates, when structure is not given in 
Tables 14 or 15 is illustrated in Example 8. 


Example 8: A 4 in. stone concrete roof covered with an average depth of 4 in. cin- 
der concrete (k = 4.9) on which is placed a } in. thick felt roof with } in. pitch and slag 
surface is exposed to the sun. The location is the central part of the United States. 
Desim temperatures are: outdoor 95 F; daily range 20 deg; indoor temperature ,80 


Solution: For the purpose of selecting the equivalent temperature differential, this 
construction is assumed to be equal approximately to an uninsulated 6 in. concrete 
roof for which the equivalent temperature is found to be 38 d^ in the 2:00 P.M. 
column of Table 14. Calculate the overall heat transmission coefficient U of the roof 
as follows: 


1.2 12 4.8 1.33 1.00 4.0 


The heat flow rate is then 38 X 0.33 equals 12.5 Btu per (hr) (sq ft). 

GLASS AREAS— DESIGN TABLES 

In order to clearly set forth the principles involved in calculating heat 
transfer through glass areas the general instantaneous heat-balance rela- 
tion will be presented. Fig. 5 ^ows this schematically. The net heat 
gain for the indoor space is the result of several contributing phenomena. 

In discussing the heat gain through glass, there are three dimensionless 
quantities which require definition : 

a » Absorptivity of glass, or fraction of incident radiation intensity which is ab- 
sorbed within the glass itself. 

r B Transmissivity of glass, or fraction of incident radiation intensity which is 
transmitted through the glass. 

r » Reflectivity of glass, or fraction of incident radiation intensity which is 
reflected at the surface. 

It is necessary that 

a -h r -f r « 1 (9) 

These quantities vary with wave length and angle of incidence, prima- 
rily ; and they are determined by the properties and thickness of the glass 
material concerned. Data are obtainable from glass manufacturers for 
their various products. The dependence of these quantities upon wave 
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Table 16 . Summer Coefficients of Heat Transmission U of Flat Roofs 
Covered With Built-Up Roofing* 

Btu per (hour) (square foot) (F deg difference between the air on the two sides) 





Insulation <$n Top or Deck 
{Conred WUh Built- Up Roofing) 





No Ceilings 


Furred Ceiling with 

Ttpb or Roor Dbcx 
C eiling not shown 

Thicknub or 

Underside of Roof 


Air Space. Metal Lath 

Roor Duck 


Exposed 



and Plaster 




No 

Insulating Board^ 

No 

Insulating Board*^ 




In- 

Thiokn 

ess. In. 

In- 

Thickm 

sas. In. 




sula- 





sula- 



















tion 

t 

1 

It 

2 

tion 

t 

1 

It 

2 

Flat Metal Roof Deck 













Felt 


0.73 

0.35 

0.23 

0.17 

0.13 

0.40 


0.18 

0.14 

D.12 

_ 

Roof 













Ditto 

4- } in. Slag 


0.54 

0.30 

0.20 

0.16 

0.13 

0.34 

0.22 

0.16 

0.13 

0.11 














Precast Cement Tile 

4 Ply 













Felt 

11 

0.67 

0.33 

0.22 

0.17 

0.13 

0.38 

0.24 

0.18 

0.14 

0.12 



Roof 












Ditto 

•f } in. Slag 

It 

0.50 

0.28 

0.20 

0.15 

0.12 

0.32 

0.21 

0.17 

0.13 

0.11 

***** aMt fiu 













Concrete 

4 Ply 

2 


0.33 

ilm 


0.13 

iim 

0.24 

0.18 

0.14 

mi 

Felt 

4 


0.31 



0.13 

0.36 

■tit'll 

0.17 

ESEj 



Roof 

6 


0.30 

■iivM 


0.13 

EKEl 

mfm 

0.17 


fiillB 











MsHI 


Ditto 

2 

0.49 

0.28 


fin 

0.12 

ES9 

0.21 

jnfn 

0.13 

0.11 



4 

0.46 

0.27 

0.19 

IIam 

0.12 

0.30 

gilWl 


0.13 

0.11 

+ } in. Slag 

6 

0.42 

0.26 

0.19 

0.14 

0.12 

0.29 

0.20 

0.16 

0.13 

0.10 

Gypsum and Wood Fiber^ 
on Gypsum Board 

4 Ply 

Felt 


0.34 




BB 

0.25 

m 


BB 


Roof 

3( 

0.28 


0.15 

0.12 

0.11 

0.21 



0.11 

ia 


Ditto 


0.29 


0.16 

0.13 

nn 

0.22 

tHKf. 

0.13 

Rn 

0.003 


+ } in. Slag 

3} 

0.25 

0.18 

0.14 

0.12 

0.10 

0.19 

0.15 

0.13 

0.10 

0.090 

Wood* 

4 Ply 

1 

0.43 

0.26 

0.19 

0.15 

0.12 

0.29 

0.20 

0.15 

0.13 

0.11 


Felt 

1} 

0.33 

0.22 

0.17 

0.13 

0.11 

0.24 

0.18 

0.14 

0.12 

0.097 

MStM— V 

Roof 

2 

0.29 

0.20 

0.16 

0.13 

0.11 

0.22 

0.16 

0.13 

0.11 

0.094 

^ 


3 


0.16 

0.13 

0.11 

0.09 

0.17 

0.13 

0.12 

0.10 

0.085 



1 

0.35 

0.23 

0.17 

0.14 

0.11 

0.25 

0.18 

0.14 

0.12 

0.10 


Ditto 

It 

0.29 

0.20 

0.15 

0.12 

0.10 

0.21 

0.17 

0.13 

0.11|0.093 

. M*i»a' 

-h 1 in. Slag 

2 

0.26 

0.19 

0.14 

0.121 0.10 

0.20 

0.15 

0.13 

0.100.090 


3 

0.20 

0.15 

0.12 

0.10 

0.09 

0.16 

0.13 

0.11 

0.09;0.081 


* The summer ooeffioients are considered temporary and ba%'e been calculated with an outdoor wind 
velocity of 8 mph. For summer an inside surface conductance of 1.2 has been used instead of the regular 
1.65 value. In all of these roofs a 4 ply felt roof has been assumed f in. thick, thermal conductivity "1.33. 
Pitch and slag has been assumed as an additional thickness of } in. and has been sasigned thermal con- 
ductivity " 1.0. In both cases thermal conductivity refers to one tncA thickness. 

^ 87| per cent gypsum, 12} per cent wood fiber. Thickness indicated includes } in. gypsum board. 
This is a poured roof. 

* Nominal thickness of wood is specified but actual thickness was used in calculations. 

^ If oorkboard insulation is used the coefficient U may be decreased 10 per cent. 


length has important practical consequences; for example, common 
window glass transmits a large portion of incident solar radiation, whereas 
it transmits outward only a veiy small portion of the indoor radiation 
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sun 


SKY 




INCIDENT 
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y * fr 
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TRANSMITTED 
OUTDOOR RADIATION 


QiIAVE LENGTHS UNCHANCE^T 


INCIDENT INDOOR RADIATION 


SURWOUNDINCy . 


REFLECTED . 

OUTDOOR 

RADIATION 


JRANSMITTED INDOOR 


RADIATION 
CWAve LENGTHS UNCHANCE CJ) 


OUTDOOR CONVECTION 


u>v 


THERMAL 
CAPACITANCE 
OP CLASS 


EMITTED OUTDOOR RADIATION 


(birFERENT DISTRIBUTION 
or ENERGY VS. WAVE LENGTH 
THEN TRANSMITTED) 


REFLECTED 
LiNRPPP ■ 


■Jjffiggs .TONYECUPN. 


tjl < ti 

V > 


EMITTED INDOOR RADIATION. 


iT — Jf- 


CDIFFERENT DISTRIBUTION 
OF ENERGY VS. WAVE LENGTH 
THEN TRANSMITTED) 


to •• OUTDOOR AIR TEMPERATURE 

t^as OUTDOOR GLASS - SURFACE TEMPERATURE 

1L INDOOR AIR TEMPERATURE 

tgi,M INDOOR CLASS •> surface TEMPERATURE 

Fig. 5. Instantaneous Heat-Balance Conditions on a Glass Section 


falling upon the inside surface because this latter is principally in the longer 
wave lengths. 

A recent analysis has served to demonstrate the effects of the various 
controlling variables upon the heat gain from glass in relation to air- 
conditioning problems^2^ The practical results for a single sheet of com- 
mon window glass will be cited here. For average conditions, the design 
equation for ^e instantaneous rate of heat transfer from the indoor glass 
surface to the conditioned space (for single sheets of common window 
glass only) in Btu per (hour) (square foot of sunlit surface) was found to be: 

1.04 (fo - ti) -f 0.022 7d + 0.0165 /. + Td/d + 0.778 /.. (10) 


where U Outdoor air temperature, Fahrenheit degrees. 

U = Indoor air temperature, Fahrenheit degrees. 

/d ~ Intensity of solar or direct radiation on the outer glass surface, Btu per 
(hour) (square foot of sunlit surface). 

/. » Intensity of sky radiation on the outer glass surface. 

Td » Transmissivity of the glass for solar radiation, dimensionless, given as a 
function of the angle of incidence in Table 17. 

Similar equations with other numerical constants apply to other types of 


Table 17. Transmissivity op Single-Sheet Common Window Glass for 
Direct Solar Radiation 


Anglb of 

iNCIDKNCEa 

Dbg 

Transmissivity 

•sd 

Anc.le op 
Inctoencba 
Deg 

Transmissivity 

Td 

Angle op 

INCIDENCEA 

Dbg 

Transmissivity 

Td 

0 

0.87 

50 

0.83 

80 

0.41 

20 

0.86 


0.77 

90 

0 

40 

0.85 

70 

0.65 




•Of Diiwt Solar BMlIiitiMi. 
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glass or glass areas in other arrangements. (Heat-absorbing glass or glass 
in multiple layers, for example). 

Equation 10 may be clarified further by explanations of the numerical 
constants involved : * 

1.04 » Over>all unit conductance for heat transfer under summer conditions, 
Btu per (hour) (square foot) (Fahrenheit degree) . (Note that this is the 
transmittance U taken at 1.13 for winter conditions in Chapter 6.) 

0.022 «= Fraction of /d which is absorbed and then transferred to the indoor 
space from the indoor glass surface, dimensionless. (Note that, of the 
total absorption, part goes inside and part goes outside.) 

0.0165 = Fraction of 7. which is absorbed and then transferred to the indoor 
space from the indoor glass surface, dimensionless. 

0.778 — transmissivity of the glass for sky radiation, dimensionless. 

Magnitudes of the quantities /a, /« and entering into Equation 10 
v'ould depend upon the time of the day, time of the year, atmospheric 
conditions, latitude of the receiving surface, and the orientation of the re- 
ceiving surface. Principles and data needed for the calculation of /a 
and /a have been given previously in this chapter. Weather data, such 
as the sol-air temperatures in Tables 10 and 11, give data on fo throughout 
a design day. 

Table 18 has been prepared to expedite practical calculations of the heat 
gain through glass areas; tabulated values are magnitudes of the sum 
(0.022 /d + 0.0165 /« + Td/d + 0.778 In) from Equation 10 for a solar 
declination of 18 deg. This declination corresponds to a nominal August 1 
design day, although the values tabulated may be used with safety to 
represent average conditions from July 15th to August 15th. 

It is possible to use the heat-gain data of Table 18 for other single- 
thickness glass materials than common window glass through the intro- 
duction of approximate correcting factors. Table 19 gives such factors. 
The range of transmissivities in Table 19 extends from high-transmission 
crystal-like glass to low-transmission heat-absorbing glass. The trans- 
missivity of 0.87 is that of common window glass. 

By using two or more layers of glass separated by air spaces, the absorp- 
tivity is increased and the transmissivity decreased. Values for some 
combinations appear in the literature^^^ A. rough approximation which 
holds fairly well until the angle of incident radiation becomes large is that 
the transmissivity of the combination is the product of the transmissivities 
of the component layers, while the absorptivity of the combination is the 
absorptivity of the outer glass plus the product of the absorptivity of the 
inner glass and the transmissivity of the outer. 

Heat-gain quantities from Table 18 may also be used for other times of 
the year than August 1 if a correction is made for solar declination. Solar 
heating calculation for glass areas can also be based upon these data. 
Table 20 gives solar declinations for various times of the year. The rule 
for procedure is the following: 

To find the radiation heat gain for some declination of the sun other than 18 deg 
use the latitude in Table 18 equal to that of the locality in question plus (18 deg— 
solar declination involved). 

For example, consider that the instantaneous heat gain is required for Philadel- 
phia in the middle of June. The latitude of Philadelphia is 40 deg North. The solar 
declination in mid- June is about 23.6 deg. The section of Table 18 to be used is then 
that for a latitude of 40 -f (18 — 23.5) ■* 34.5 deg; say 36 deg. 

Caution : This method gives only approximate values and its use should be limited. 
It may be used for Eastern and Western exposures for all hours 8:00 a.m. to 4:00 pan. 
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Tablb 18. Instantaneous Rates of Heat Gain Due to Solar and Skt 
Radiation fob Single Sheets op Unshaded Common Window Glas8»* ^ 
Computed for Solar Declination of 18 Deg— August 1 
Note: To determine the total instantaneous rale of heal gain add the term 1.04 
to the values shown in the table (see Equation 10). 



Solar 

Altitudb 


INSTANTANBOUS RATB OF HBAT GAXN, BTU PBR HOUR 
FOR Each Squarb Foot of Unsbadbd Glass 


85 Deg North Latitude 



S6 Deg North Latitude 
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Table 18. Inbtantanboub Ratbb or Hbat Gain Dub to Solab and Skt 
Radiation fob Singlb Shbetb or Unbhaded Common Window Glabb** ^ 

(Concluded) 


Sun 

Time 


Solar 

Altitude 


& 

Dbg 


N 


Instantaneous Rate op Heat G/rn. Btu per Hour 
FOR Each Square Foot of Unshaded Glass 


NE 

E 

SB 

S 

SW 

W 

NW j 


Horizontal 


45 Deg North Latitude 


5 a.m. 

2.0 

9 

IBI 

23 

8 

.1 

1 

1 

1 

2 

6 

12.5 

22 

Bui 

129 

68 

6 

6 

6 

6 

28 

7 

23.0 

13 


182 

121 

11 

11 

11 

11 

82 

8 

33.5 

14 

Bis 

192 

153 

24 

14 

14 

14 

141 

9 

44.0 

15 

■rS 

168 

166 

65 

15 

15 

15 

189 

10 

53.0 

16 

22 

123 

154 

88 

16 

16 

16 

225 

11 

60.0 

mim 

16 

56 

127 

113 

30 

16 

16 

249 

12 

63.0 


16 

16 

76 

119 

76 

16 

16 

256 

1 p.m. 

CO.O 

16 

16 

16 

30 

113 

127 

56 


249 

2 

53.0 

16 

16 

16 

16 

88 

154 

123 

22 

225 

3 

44.0 

15 


15 

15 

55 

166 

168 

63 

189 

4 

33.5 

14 


14 

14 

24 

153 

192 

116 

141 

5 

23.0 

13 

Ktl 

11 

11 

11 

121 

182 

135 

82 

6 

12.5 

22 


6 

6 

6 

68 

129 

111 

28 

7 

2.0 

9 

H 

1 

1 

1 

8 

23 

23 

2 


60 Deg North Latitude 


3 a.m. 

4.5 

18 

48 

48 

17 

2 

2 

2 

2 

5 

6 

13.5 

22 

119 

139 

75 

6 

6 

6 

6 

32 

7 

23.5 

11 

131 

183 

127 

11 

11 

11 

11 

84 

8 

33.0 

13 


190 

161 

30 

13 

13 


138 

9 

42.0 

14 

51 

165 

173 

69 

14 

14 


179 


50.0 


19 

122 


109 

16 

16 

■fa 

214 

11 

56.0 

16 

16 

55 

138 

133 

41 

16 

16 

235 

12 

58.0 

16 

16 

16 

92 

140 

92 


16 

242 

1 p.m. 

56.0 

16 

16 

16 

41 

133 

138 

55 

16 

235 

2 

50.0 

16 

16 

16 

16 

100 

166 

122 

19 

214 

3 

42.0 

14 

14 

14 

14 

69 

173 

165 

51 

179 

4 

33.0 

13 

13 

13 

13 

30 

161 

190 


138 

6 

23.5 

11 

11 

11 

11 

11 

127 

183 

131 

84 

6 

13.5 

22 

6 

6 

6 

6 

75 

f39 

119 

32 

7 

i 5 

IS 

2 

2 

2 

2 

17 

48 

48 

5 


* Table compiled from eolar radiation tranemiasion data developed bv A.S.H.V.E. Research Labora- 
tory* and direct intensity values developed by Moon*, recently enlari^ and revised by the A.S.H.V.E. ]^> 
search Laboratory. 

^ For relBti\’ely clear atmosphere at sea level. For hazy atmosphere values may be reduced 10 per eant. 
Above sea level add one per cent per 1000 ft elevaUon. 

inclusive, and for all exposures from 10:00 a.m. to 2:00 p.m. inclusive. For Southern 
exposures at 8:00 a.m. or at 4:00 p.m. the error may be ±15 per cent. At noon this 
method gives accurate results; the error becomes progressively larger as the time 
differs from noon. 

In regard to glass blocks, data on the over-all unit conductances for heat 
transfer by convection and conduction are given in Table 18, Chapter 6; 
these will serve also for cooling load calculations for shad^ or north- 


Table 19. Ratio op Instantaneous Rate op Heat Gain Through Single 
Thickness op Heat Absorbing Sunlit Glass to Heat Gain pob 
Common Glass as Given in Table 18 


Trans- 

missivity* 

Approxlmatb 

Ratio 

Trans- 

missivity* 

Approximate 

Ratio 

Trans- 

missivity* 

Approximate 

Ratio 


■■ 

0.70 

0.85 

0.40 

0.60 


aiiB 

0.60 

0.76 

0.30 

0.52 


0.93 

0.50 

0.68 

0.20 

0.45 


* Fur direoi enlar radiatioii at normal iaddenee. 
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Table 20. Approximate Solar Declinations in Degrees 


Date 

Declination 

Date 

Declination 

Date 

Declination 

April 1 

4.5 

June 1 

22.0 

Aug. 1 

18.0 

April 15 

ID.O 

June 15 

23.5 

Aug. 15 

14.0 

May 1 

15.0 1 

July 1 

23.0 

Sept. 1 

8.5 

May 15 

19.0 I 

July 15 

21.5 

Sept. 15 

3.0 


exposure walls. (Steady-state calculations as suggested there take no 
account of the time lag present with periodic cycles of air temperature.) 

The results of experimental observations^* on heat gains through glass- 
block sections are given in Table 21. Tabulated heat-gain rates are based 
upon a constant indoor-air temperature of 78 F and a maximum outdoor- 
air temperature of 95 F for the design day chosen. The values given are 
approximate, and intended for estimates only ; they are averages for four 
representative glass block designs, two with smooth exterior faces and two 
with ribbed exterior faces. 

Shading of Glass Areas — ^Design Tables 

The eflFects and possibilities of shading should be carefully investigated 
whenever the heat gain from glass is a large portion of the cooling load. 

Vertical glass which is not mounted in the plane of the building surface 
is partially shaded by the setback. If a vertical window of height I and 
width w be set back from the plane of the building a distance s, the fraction 
of the total area of the window which receives direct solar radiation is : 

(?f == 1 — fi tan — r 2 tan y -j- rif* tan j3 tan y (11) 

where 

Ti = s/lt rt == s/Wf /3 * solar altitude, and-y is the difference between the azimuth 
angles of the wall in question and of the horizontal projection of the sun’s rays, (y is 
always equal to or less than 90 deg.) 

Solar altitudes are given in Table 18 for various latitudes and an August 

Table 21. Total Instantaneous Rates of Heat Gain for Gi.ass Blocks'*' 
ON Design Day of August 1 

(Values tabulated include solar and sky radiation ^ convection ^ and conduction averaged 

for four types of blocks) 


Total Instantaneous Rate of Hhat G\!N, Btu per 
Hour for Each Square Foot of Sunlit Glass Block 

Mean 

Sun Time Vertical Surface Facing 



East 

West 

South 

North Latitude. 
Deg 

30 to 46 



35 

40 

45 

7 a.m. 

61 


mvHHi 

-2.0 

-0.5 

1.0 

8 

78 


0.0 

2.0 

4.0 


U 

74 1 

5.0 

5.0 

7.0 

10 

12 

10 

58 

6.0 

11 

15 

18 

21 

11 

45 

7.5 

17 

22 

26 

32 

12 noon 

37 

11 

22 

28 

34 

41 

1 p.m. 

30 

22 

25 

32 

39 

46 

2 

24 

35 

26 

32 

39 

47 

3 


55 

24 

30 

37 

45 

4 

16 

77 

20 

26 

32 

41 

5 

13 

86 

15 

20 

25 

34 

6 

11 

55 

9.5 

14 

18 

26 

7 

8 

19 

3.5 

7.0 

11 

18 
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Table 22. Values of the Azimuth-Difference Angle, y, Dborebs, fob 
Window-Reveal Shading Calculations (See Equation 11) 
Computed for solar declination of 18 deg^August 1 


N. Latitude 
Degrees 

Mean 

Sun Time 



Window Orientation 



NE 

E 

SE 

S 

SW 

W 

NW 

80 

6 a. m. 

61 

74 

29 

Shade 

Shade 

Shade 

Shade 


7 

64 

81 

36 









8 

47 

88 

43 








9 

30 

84 

51 

6 







10 

28 

73 

62 

17 








11 

7 

52 

83 

38 






12 N 

Shade 

0 

45 


45 

0 



1 p. m. 


Shade 

Shade 

38 

83 

52 

7 


2 




17 

62 

73 

28 


3 




6 

51 

84 

39 


4 




Shade 

43 

88 

47 


5 





36 

81 

54 


6 



. 


29 

74 

61 

40 

6 a. m. 

59 

76 

31 

Shade 

Shade 

Shade 

Shade 


7 

50 

85 

40 





— 


8 

40 

85 

50 

5 






0 

27 

74 

61 

16 





10 

14 

59 

76 

31 



.... 


11 

Shade 

35 

80 

55 



.... 


12 N 


0 

45 

90 

45 

0 



1 p. m. 


Shade 

10 

55 

80 

35 



2 



Shade 

31 

76 

59 

14 


3 




16 

61 

74 

27 


4 




5 

50 

85 

40 


5 




Shade 

40 

85 

50 


6 


.... 

!!!! 

.... 

31 

76 

50 

50 

6 a. in. 

57 

78 

33 

Shade 

Shade 

Shade 

Shade 


7 

45 

90 

45 

0 

.... 

.... 

mm: 


8 

33 

78 

57 

12 

.... 

:... 



0 

20 

65 

70 

25 

.... 

.... 



10 

3 

48 

87 

42 


.... 

.... 


11 

Shade 

26 

71 

65 

19 


.... 


12 N 


0 

45 

90 

45 

0 

.... 


1 p. ni. 


Shade 

19 

65 

71 

26 



! 2 



Shade 

42 

87 ' 

48 

*3 


3 



.... 

25 

70 

65 

20 


4 




12 

57 

78 

33 


5 




0 

45 

00 

45 


Q 




Shade 

33 

78 

57 


1 design day. Values of the angle y are given in Table 22 for the August 1 
design day. Special cases not covered by the tabulated data may be solved 
analytically'^; however, the design conditions chosen will yield a satisfac- 
tory approximation if used without correction for estimates at any time 
during the summer period. 

Example 9. Estimate the instautanenus rate of sky and solar radiation heat gain 
from a west window 3 ft wide by 5 ft high with a setback of 6 in. for August 1 and a 
north latitude of 40 deg at 3 p. in. (sun time). 

From Table 18, the instantaneous rate of sk}*^ and solar radiation heat gain per 
square foot of sunlit glass is 172 Btu per hour. From the same table, the solar alti- 
tude is 45.5 deg. From Table 22, the angle y is 16 deg, from Equation 11 , the fraction 
of the total window area that is receiving direct solar radiation is : 

ft = 1 — 0.1 tan 45.5 — 0.167 tan 16 -f 0.0167 tan 45.5 tan 16 
« 1 - 0.102 - 0.048 -f 0.005 - 0,855. 

Although the sky radiation is not reduced in proportion to the shaded 
portion, since the sky radiation is small this fact may be neglected, and 
hence instantaneous sky- and solar-radiation heat gain for this window is: 

g « 3 X 5 X 0.855(172) = 2206 Btu per hour. 

A window such as the one in Example 9 above would customarily be pro- 
vided with an additional shading means for use particularly when directly 
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sunlit. Conventional shading devices include awnings^ shades, and 
screens of various types. 

Experimental work conducted at the A.S.H.V.E. Research Labora- 
tory^* and other research^* to determine the effectiveness of various types 
of window shades have been used as the basis for the recommended ratios 
in column 3 of Table 23. A study of absorptivity of the shade to solar 
radiation and heat transfer from the shade to the outdoors and indoors 
was used to determine these ratios. 

There are a number of variables affecting these ratios such as color, fit, 
solar altitude, and angle of incidence of the solar radiation. These values, 
therefore, must be considered as approximate, only, and will have to be 
used with considerable judgment. An inside shade is effective to the ex- 
tent of its reflectivity, since the portion of the solar radiation directly 
transmitted by the glass that is absorbed by the shade is transferred by 


Table 23. Effect of Shading upon Instantaneous Solar Heat Gain 
Through Single Thickness of Common Window Glass 


Type of Shading 

Finish on Side 
Exposed to Sun 

Fraction of Gain 
Through Un- 
shaded Window 

Canvas Awning 

Inside Roller Shade, Fully Drawn* 

Inside Roller Shade, Fully Drawn* 

Inside Roller Shade, Fully Drawn* 

Dark 

White 

Medium color 
Dark color 

oeoo 

Inside Roller Shade, Half Drawn* 

White 

) 0.72 

Inside Roller Shade, Half Drawn* 

Medium color 

0.81 

Inside Roller Shade, Half Drawn* 

Dark color 

0.90 

Inside Venetian Blind, Slate set at 45 deg” 

White 

0.62 

Inside Venetian Blind, Slate set at 46 deg^ I 

Medium 

0.74 

Inside Venetian Blind, Slate set at 46 deg” 

Aluminum 

0.70 

Inside Venetian Blind, Slate set at 45 deg” i 

Dark color 

0.86 

Outside Venetian Blind, Slate set at 45 deg” 

Cream 

0.30 


Outside Venetian Blind, Slate set at 45 deg, extended as an awning* : Any color 0.40 

Outside Shading Screen”, solar altitude 0-20 deg Dark color 0.75-0.43 

Outside Shading Screen”, solar altitude 20-40 deg ' Dark color 0.43-0.22 

Outside Shading Screen”, solar altitude, above 40 deg Dark color i 0.22 


* Roller shades are assumed to be opaque. Some white shades may transmit considerable solar radia- 
tion. For white translucent shades fully drawn use 0.56 and for half drawn use 0.77. 

^ Venetian Blinds are fully drawn and cover window. It is assumed that the occupant will adjust slate 
to prevent direct rays from passing between slate 

* Commercial shade with wide slate. 

Metal slate 0.05 inches wide spaced 0.063 inches apart and set at 17 degree angle with horisoutal. At 
solar altitudes below 38 deg some direct solar rays are allowed to pass between slate, and this amount be- 
comes progressively greater at low solar altitudes. 


convection to the room air and by radiation to the solid surfaces of the 
room. 

Instantaneous Heat Gains vs. Instantaneous Cooling Loads 

The difference between instantaneous heat gain and instantaneous cool- 
ing load has been mentioned previously; its practical importance is suffi- 
cient to warrant further consideration. 

Fig. 6 (^ers a simplified schematic illustration showing how the rodta- 
twe part of the instantaneous heat gain is first absorbed by solid objects 
and is not encountered by the conditioning equipment as a cooling load 
until some later time when it finally appears in the air-stream entering the 
equipment. While it is true that some lag also is inherent in convective 
heat transfer and the time required to change the air in the conditioned 
fq)ace, this is usually of the order of a few minutes to perhaps half an hour. 
Heat storage in the interior furnishings and structure increases according 
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to the proportion of the instantaneous heat gain which is in the form of 
radiation, and also as the thermal capacitance of the objects and materials 
involved is increased. 

Constituents of the total instantaneous heat gain which have appreciable 
radiation components include those due to: glass areas, exposed walls and 
roofs, lighting, appliances, and people. 

No comprehensive data are presently available for use in design load 
estimates to evaluate the interior load-lag effect, but several investiga- 
tors^* have made a study of the problem and have presented much useful 
data. Tables 14, 15 and 18 are all based on instantaneous rates of heat 
transfer. Hence, practical judgment and experience offer the only basis 
of procedure. Until the needed data become available, it is recommended 
that the non-continuous load be averaged over two or three hours during 
the time of maximum load, when determining the total instantaneous 
cooling load where a large portion of the heat gain is radiant. This sug- 
gestion applies only to conditions near the time of maximum heat gain, 
as the heat stored within the structure would necessarily appear in the cool- 
ing load eventually, but if it appears at a time when the gain from outside 



Fig. 6. Origin of the Difference Between the Magnitudes of the 
Instantaneous Heat Gain and Instantaneous Cooling Load 

The radiation absorbed b^ the interior fumishings and structure reaches the conditioning equipment 
after a considerable delay in time. 


is relatively low the equipment will be able to maintain satisfactory condi- 
tions within the range of maximum capacity. 

LOAD FROM INTERIOR PARTITIONS, CEILINGS, AND FLOORS 

Whenever a conditioned space is adjacent to another space in which a 
different temperature prevails, the transfer of heat through the separating 
structural section must be considered. Calculations are made according 
to the relation 

q UiAi(th — ti) Btu per hour. (12) 

where U i — Coefficient of over-all heat transfer between the adjacent and the condi- 
tioned space, Btu per (hour) (square foot) (Fahrenheit degree). 

A I * Area of separating section concerned, square feet. 
th « Air temperature in adjacent space, Fahrenheit degrees. 
ti ■> Air temperature in conditioned space, Fahrenheit degrees. 

Magnitudes of C7i may be obtained from Chapter 0. The temperature 
tx may have any value over a considerable range, according to conditions 
in the adjacent space. The temperature in a kitchen or boiler room may be 
as much as 15 to 50 deg above the outdoor air temperature. It is recom- 
mended that actual temperatures be measured in adjoining spaces wherever 
practicable. Where nothing is known except that the adj^ent space is of 
conventional construction and contains no heat sources, it is recommended 
that the difference (^b — ti) be taken as the difference between the out- 
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door-air and conditioned-space design dry-bulb temperatures minus 5 
Fahrenheit degrees. In some cases it may be that the air temperature in 
the adjacent space will correspond closely to the outdoor air temperature 
at all times. Under these latter conditions, the heat gain through the 
partition will be periodic in nature and the value of a shaded wall should be 
used from Table 15. 

For floors directly in contact with the ground, or over an underground 
basement that is neither ventilated nor warmed, the heat transfer may be 
neglected for cooling-load estimates. 

LOAD FROM OUTSIDE AIR-VENTILATION AND INFILTRATION 

Vmtilation, Data for determining the necessary ventilation rate have 
been presented previously in this chapter. Ventilation required is pri- 
marily dependent upon the number of occupants and upon the materials 
and apparatus within the space which may give off odors. For spaces 
having ceiling heights 10 ft or less, the total requirement should be checked 
against the volume, and in no case should the ventilation air rate be less 
than one air change per hour. In spaces having ceilings higher than 10 
ft where the occupant load is low, a check calculation can be made against 
the volume of the space below an assumed 10 ft ceiling. 

Infiltration must never be counted upon to provide ventilation because 
on still days there will be little or no infiltration. 

Infiltration. The principles of infiltration calculations have been dis- 
cussed in Chapter 8 and 14, with emphasis on the heating season. For 
the cooling season, infiltration calculations are usually limited to doors and 
windows. 

To compute cooling-load infiltration for windows by the crack method use 
the data of Table 2, Chapter 8, for a wind velocity of 10 mph. Note that 
for double-hung windows the length of crack is three times the width plus 
twice the height ; while for metal-sash windows the crack length is the total 
perimeter of the movable or ventilating sections. In calculating window 
infil tration for an entire structure, it is not necessary to consider the total 
crack length on all sides of the building, for the wind would not act simul- 
taneously on all sides at once. In no case, however, should less than half 
of the total crack length be figured. A knowledge of the prevailing wind 
direction will aid judgment in this consideration. 

Cooling-load infiltration for doors“ may be obtained from Table 3, 
Chapter 8. For conditions other than those covered, the notes appended 
to Table 3 will provide a basis for estimates. The tabulated data may also 
be used as the basis of estimates for interior doors between an air-condi- 
tioned and a non-air-conditioned space. 

Infiltration load must be included whenever the njew air introduced 
through the system is not sufficient to maintain excess pressure within the 
enclosure to prevent the infiltration. Whenever economically feasible it is 
desirable to introduce sufficient outdoor air through the air-conditioning 
equipment to maintain a constant outward escape of air and thus eliminate 
the infiltration portion of the load. The pressure maintained must, of 
course, be sufficient to overcome wind pressure through cracks and door 
openings. When this condition prevails it is not necessary to include any 
infiltration load. When the quantity of new air introduced through the 
cooling equipment is not sufficient to build up the required pressure to offset 
infiltration, the entire infiltration load should be included in the cooling 
load calculations. 
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Total Ovlside Air Load. To determine the design cooling load caused 
by the introduction of outside air, the maximum rate of outside-air entry 
is first established. In some applications the use. of special exhausters 
from the conditioned space may add^ to the outdoor-air requirements in 
determining the maximum rate. Once this design quantity is establidied, 
and with the design indoor and outdoor air states known, the cooling load 
may be computed. There are several methods in use, the more accurate 
of these require rather detailed calculations. Refer to Chapter 3, under 
section on Cooling Load and Chapter 43 in section on Apparatus Dew 
Point. The following equations are considered to be sufficiently accurate 
for use at usual design conditions as their accuracy is within 1 per cent. 


Sensible Load 

- 

Q 

X 

60 X 0.244 X 

1 

o 

1 

1— 1 

i 

d 

> (13) 


- 

Q 

X 

1.08 (to - 

ti). 

Btu per hour 


Latent Load 

g. - 

Q 

X 

60 X 0.075 X 

1076 (Wo - Wi) 



- 

Q 

X 

4840 (Wo 

— Wi), Btu per hour 

(14) 

Total Load 

Qt “ 

9. 

+ 

Q* 



(16) 


where Q » Rate of entry of outside air, cubic feet per minute. 
to * Outdoor dry -bulb temperature, Fahrenheit degrees. 

« Indoor dry-bulb temperature, Fahrenheit degrees. 

Wo Outdoor humidity ratio, pounds moisture per pound of dry air. 

Wi = Indoor humidity ratio, pounds moisture per pound of dry air. 

0.075 = Standard air density, pounds per cubic foot. 

0.244 « A constant approximating the specific heat of dry air corrected for mois- 
ture Btu per (pound) (Fahrenheit degree). 

1076 « A factor approximating the average Btu released in condensing one pound 
of water vapor from air. 

Standard air weight (0.075 lb per cu ft) is recommended for use in all 
calculations as this is the basis for rating fans and its consistent use keeps 
all parts of the calculations in conformity. 

HOW OUTSIDE AIR LOAD AFFECTS ROOM LOAD 

Actually the outdoor air used for ventilation would pass through the 
conditioning equipment and be cooled and dehumidified to a lower tem- 
perature and humidity ratio than room conditions before entering the 
room ; but for heat-balance purposes the cooling load chargeable to the out- 
door air is that corresponding to the difference between the outdoor and 
indoor air conditions. 

One important purpose of the cooling load estimate is to determine the 
conditions and quantity of air supplied to the space. All the various 
sensible and latent heat loads within the space must be included. In- 
filtration must be included in the space load since this air enters the doors 
and windows and its heat and moisture load must be offset by the intro- 
duction of cooler, dryer air to the space. However since ventilation air 
is taken through the conditioning equipment and cooled, this portion does 
not become a part of the space load. To determine the total load on the 
refrigeration machine, the ventilation air load must be included in the 
grand total load. 

Example 10. For outdoor design conditions of 95 F dry-bulb and 75 F wet-bulb 
and indoor design conditions of 80 F dry-bulb and 67 F wet-bulb and for the supply 
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of outdoor air at the rate of 1000 cfm and the exhaust of room air at the corresponding 
rate, calculate the total, sensible and latent heat gains. 

Solution: Substituting in Equation 13: 

- 1000 X 1.08 (95 - 80) - 16,200 Btu per hr. 

Prom psychrometric data Wo ■“ 0.01413, Wi = 0.01122. 

Substituting in Equations 14 and 15. 

qo - 1000 X 4840 (0.01413 - 0.01122) - 14,100 Btu per hr. 

* 9s + 30,300 Btu. 

Many cooling coil manufacturers publish tables giving psychrometric 
data based on the average conditions of the leaving air for various coil 
temperatures, air velocities, and entering dry-bulb and wet-bulb condi- 
tions. '^^en these tables are used, it is necessary to calculate the mixed 
air condition entering the coil and determine from the tables what coil and 
air velocity will produce the desired leaving air conditions as required for 


Table 24. Rates of Heat Gain from Occupants of Conditioned Spaces* 


Dbgrbs op Activity 

Typical 

Application 

Total 

Hbat 

Adults, 

Male 

Btu/Hr 

Total 

Heat 

Adjusted** 

Btu/Hr 

Sensible 

Heat 

Btu/Hr 

Latent 

Heat 

Btu/Hr 

Seated at Rest 

Theater-Matinee 

890 

330 


150 


Theater-Evening.. 

300 

350 

195 

156 

Seated. Very Light Work— 

Offices. Hotels, 

Apartments 

Offices. Hotels, 
Apartments 

450 

400 

195 

205 

Moderately Active Office Work 

475 

450 

200 

250 

Standing. Light Work; or 
Walking Slowly 

Department Store. 
Retail Store 

Dime Store. 

550 

450 

200 

250 

Walking; Seated;— 

Standing; Walking Slowly 

Drug Store 

Bank 

550 

500 

200 

300 

Work- _ 

Restaurant*. 

490 

550 

220 

330 

Lii^t Ben^ Work.— 

Factory 

800 

760 

220 

530 

Tkinring- _ 

Dance HalL 

900 

850 

245 

606 

Walking 3 mph; 

Moderately Heavy Work 

Factory..... 

1000 

1000 

300 

700 

Bowling^- 

Heavy Work. 

Bowling Alley 

Factory 

150C 

1450 

465 

985 


* JioU: Tabulated values are based on 80 F room dry-bulb tempeiature. For 78 F room dry-bulb, 
the total heat remains the same, but the sensible heat values should be increased by approximately 10 per 
eent and the latent heat values decreased accordingly. 

^ Adjwtti Mol hoot gain is based on normal percentage of men, women, and children for the application 
listed, with the postulate that the gain from an adult female is 85 per cent of that for an adult male and 
that the gain from a child is 76 per cent of that for an adult male. 

* Adjusted total heat value for iedentary work, rotlaurant, includes 00 Btu per hour for food per individual 
(80 Btu sensible and 30 Btu latent). 

^ For bowling figure one person per alley actually bowling and all others as sitting (400 Btu per hour) 
or standing (660 Btu per hour). 

the space to be conditioned. When cooling coils are listed as 80 to 95 per 
cent efficient, the manufacturer indicates that 20 to 5 per cent of the air 
passes throu^ the coil without being cooled. If data of this nature are 
used, the uncooled portion of the air must be added to the space load 
before determining the ^ective air quantity. 

HEAT SOURCES WITHIN THE CONDITIONED SPACE 

People. The rates at which heat and moisture are given off by human 
beings under different states of activity are pven in Table 24. In many 
applications these sensible and latent heat gains become a large fraction of 
the total load. Appreciable variations in heat-emission rates must be 
recogniz^ according to the age and sex of the individual, state of activity, 
environmental influences, and duration of occupanoy (since for short 
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occupancy the extra heat and moisture brought in by people may be a 
significant factor). 

While Chapter 12 should be referred to for detailed information, Table 
24 in this chapter summarizes practical data representing conditions 
commonly encountered. 

Lighting. In general, the instantaneous rate of heat gain from electric 
lighting^^ may be calculated from the following relation : 


9el 


total light 
wattage 


X 


use 

factor 


X 


{ special allow- 
ance factor 


X 3.41, Btu per hour 


(16) 


The total light wattage is obtained from the ratings of all fixtures installed, both 
for general illumination and for display use. 

The iLse factor is the ratio of the wattage in use, for the conditions under which the 
load estimate is being made, to the total installed wattage. For commercial appli* 
cations such as stores, the use factor would be unity. 

The special allowance factor is introduced to care for fluorescent fixtures and for 
fixtures which are cither ventilated or installed so that only part of their heat goes 
to the conditioned space. For fluorescent fixtures ^ the special allowance factor is 
recommended to be taken as 1.20 in order to allow for power consumed in the ballast. 
For ventilated fixtures f recessed fixtures^ and the like, manufacturer’s or other data^^ 
must be sought to establish the fraction of the total wattage which may be expected 
to enter the conditioned space. 


Power. When equipment of any sort is operated within the conditioned 
space by electric motors, the heat equivalent of this operation must be 
considered in the cooling load. The general equation for calculating this 
load is : 




( Horsepower Rating\ / Load \ 

Motor Efliciency / \Factor/ 


X 2544, Btu per hour. 


(17) 


It is assumed that both the motor and tiie driven equipment are within 
the conditioned space. If the motor is without the space, then do not 
divide by the motor efliciency in Equation 17. The load factor is merely 
the fraction of the rated load which is being delivered under the conditions 
of the cooling-load estimate. Motor efficiencies may be approximated as 
follows : about 50 to 60 per cent at i hp rating, increasing to 80 per cent at 
1 hp, and to 88 per cent at 10 hp and above. 

Appliances. Care must be taken in a cooling-load estimate to properly 
account for the heat gain from all appliances, electrical, gas, or steam. 
Table 25 presents recommended data^*. Note that the maintaining rate 
in Table 25 is the heat input required to maintain the appliance at the nor- 
mal operating temperature even though it is not being used; i.e., no coffee 
is being made, no toast is being made, no food is being cooked in the fry 
kettle, etc. The maintaining rate is useful in setting up a lower limit to the 
heat gain to a room from the appliance when in operation. 

Experienced judgment must be used in the application of data given in 
Table 25. Consideration must be given to the heat contributed by appli- 
ances which are in use at the time of peak load. The quantity of heat will 
depend upon whether products of combustion are vent^ to a flue, whether 
they escape into the space to be conditioned, or whether appliances are 
hooded allowing part of the heat to escape through a stack. There are no 
generally accept^ data available on the effects of venting and shielding 
heating appliances but it is believed that, when they are properly hooded 
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* For rastaunni applisnots, miMeUaneoua electrical and mieoellaneous gas burning appliancee. 

^ When theee appliancee are hooded and provided with adequate exhaust, use 50 per cent of recommended rate of heat gain from unhooded appliances. 














Table 26. Rate of Heat Gain From Appliances WITHOUT HOODS** 

(Concluded) 



r restaurant appliances, miscellaneous ele^ca) and miscellaneous gas burning appliances. 

len these appliances are hooded and provided with adequate exhaust, use 50 per cent of recoir mended rate^ off heat gain from unhooded appliances. 
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with a positive fan exhaust system throu^ the hood, 50 per cent of the 
heat will be carried away and 50 per cent dissipated in the space to be con- 
ditioned. The same effectiveness of the hood should be figured for both 
latent and sensible heat. 


LOAD FROM MOISTURE TRANSFERRING THROUGH 
PERMEABLE BUILDING MATERIALS 


The diffusion of moisture through all common building materials is a 
natural phenomenon which is always present to a greater or lesser degree. 

The permeability values for various building materials are given in Table 
19 of Chapter 6, together with an explanation of moisture transmission 
through these materials. 

In the usual comfort air-conditioning application, it is common practice 
to neglect moisture transfer through walls, for the actual rate is quite small 
and the corresponding latent-heat load is hardly significant. So-called 
vapor barriers are frequently employed in modem construction for the pur- 
pose of keeping moisture transfer to a minimum, particularly because of 
the deteriorating and insulation-destroying effects of moisture. 

Industrial jobs, on the other hand, frequently call for a low moisture 
content to be maintained in a conditioned space. Here the matter of mois- 
ture transfer cannot be neglected ; indeed, it is quite possible to have the 
latent-heat load accompanying this transfer be of greater magnitude than 
any other latent-heat load. The equation for computing this load is : 



M / Vapor Pressure \ 
7000 ^ VDifference, In. Eg/ ^ 


1076, Btu per (hr) (sq ft). 


(18) 


where m — Permeability grains per (sq ft) (hr) (in. Eg) 

7000 - Grains per pound. 

The factor 1076 is defined in list of symbols at Equation 15. (Sensible 
cooling of the water vapor is included in the factor 1076.) 

The only means of preventing moisture transfer is to use a vapor proof 
wall or to apply a special lining, which is vapor proof. All openings in 
moisture proof construction must be equipped with special gaskets to pre- 
vent entrance of moisture. 

When moisture transfer contributes an appreciable part of the latent- 
heat load, it is recommended that estimates i^ould be made intentionally 
liberal in order to avoid later difficulties with insufficient dehumidifying 
capacity. Storage spaces, for example, would require sufficient dehumid- 
ffying capacity to handle the moisture brought in with goods to be stored 
in addition to moisture leaking in subsequently. 

MISCELLANEOUS HEAT LOADS 

This designation is intended to cover the various small heat gains from 
exposed piping, ducts, work done by circulating fan, and unforeseen con- 
tingencies. Where sufficient data are available these various heat gains 
may be estimated individually. In the majority of cases, however, common 
practice is to lump these factors together and combine them with a safety 
factor according to the experience and judgment of the estimator. On this 
basis, a small ^ety factor is added to the calculated cooling load to com- 
pensate for miscellaneous effects. No rules can be given for this procedure 
as experience in air conditioning is indispensable for application of suitable 
safety factors. 
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REQUIRED AIR QUANTITY THROUGH 
CONDITIONING EQUIPMENT 

The procedure for determining the required air quantity is based upon 
the thermodynamic principles of Chapter 3 and the use of the Mollier di- 
agr^ supplied with The Guide, or a psychrometric chart. Readers are 
advised to review these principles, paying particular attention to the illus- 
trative examples of cooling load calculations, and to refer to the section 
on Apparatus Dew Point in Chapter 43. 

Calculation of the cooling load for a conditioned space is equivalent to 
making, for the space, a heat balance in which all heat, moisture, and infil- 
tration are treated as directly entering the space. As explained in the 
section, Load from Oviside Air — Ventilation and Infiltration, the outside air 
load normally does not become a part of the space load because heat and 
moisture are removed in the air conditioner before this air gets into the 
conditioned space. The desired conditions are maintained by considering 
a certain quantity of air to be withdrawn from the space, passed through 
the conditioning equipment, and returned to the space with such a tem- 
perature and humidity ratio that its net effect will be to counterbalance or 
remove the ^ven entering amounts of heat and water vapor. This quantity 
of indoor air which is considered to be circulated in this manner is called the 
required air quantity and its determination is normally part of every cooling- 
lo^ estimate. The procedure is as follows : 

1. Determine the total sensible and latent heat loads in Btu per hour for the space. 

2. Compute the quantity called the heat-moisture ratio of the room load, q^. 
Use the following equation: 

( S pace sensible load -j- space latent load \ 

Space latent load / (19) 

X 1076 Btu/lb of moisture difference 

Note that the ratio (Space latent load) 4- 1076 is the equivalent of the required rate 
of water-vapor removal, in pounds ^r hour. If the rate of water -vapor removal 
is known, it may be used directly in Equation 19. 

3. Locate the state point of the room air (design wet-bulb and dry-bulb tempera- 
tures) on the Goff diagram. From this state point draw a line intersecting the 
saturation line, using the slope established by the protractor on the Goff diagram 
for the particular value of qy, prevailing. This line is the condition line for the proc- 


4. Read the temperature where the condition line from step 3 intersects the satu- 
ration line. This is called the apparatus dewpoint. 

5. Compute the required air quantity from the relation 


Qr. 


1.08 


(Space sensible load) 



Apparatus\n / Coil \ 
dewpoint / J \efficiency/ 


( 20 ) 


The magnitude of Q,. is substantially the quantity, cfm, of cooled and dchumidifictl 
air for which the distribution system must be designed. 

The numerical factor 1.08 is derived from the product 1 cfm X 60 min. X 0.244 X 

( 0 00923\ 

1 — “ 1*08, assuming an average supply air dewpoint of 55 F. Since 

standard air density (0.075) includes the weight of the water vapor it is desirable 
to reduce it to the basis of dry air by the last factor where 0.00923 » humidity ratio of 
air at 55 F dewpoint, and 0.62 » ratio of density of water vapor to dry air at same 
temperature and pressure. Refer to Chapter 25 for coil selection. 

Note that the product [(Space dry-bulb) — (Apparatus dewpoint)] X (Coil effi- 
ciency) is equal to the dry-bulb range through which the conditioned air is cooled. 
Hence, in rare instances when the condition line of the process may not intersect the 
saturation line, any other convenient reference temperature on the condition line 
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may be used instead, provided that the coil efficiency is specified accordingly on the 
proper basis. 

MINIMUM ENTERING AIR TEMPERATURE 

Due consideration must be given to the temperature of the air entering 
the conditioned space in order to prevent objectionable drafts. With ceil- 
ing type diffusers or wall grilles with a high aspect ratio (See Chapter 40), 
many engineers consider 20 deg as the maximum difference for good design 
under average conditions. This difference can only be exceeded with ex- 
tremely high ceiling outlets or wall grilles. Thus, if 80 F dry-bulb is to be 
maintained in a space with average ceiling height, the minimum delivered 
air temperature would be limited to about 60 F dry-bulb temperature. If 
the latent heat load is relatively high, it is often necessary to circulate more 
air with a higher delivered dry-bulb temperature in order to produce a 
thermodynamic balance. If the temperature difference is known, the re- 
quired air quantity can be calculated from the formula, 


Q « 

1.080, - U ) 

or the temperature difference U can be detennined as follows. 


<d » e. - 


1.08 X Qr» 


EXAMPLE-COOLING LOAD CALCULATION 

An effective means of summarizing the calculation procedure will be the 
use of an illustrative example. While condensed calculation forms are 
commonly employed for work of this nature, an outline will be used here 
in order to facilitate explanatory comments. 

Example 11: A oiie-story office building Fig. 7 is located in an eastern state near 40 
deg latitude. The adjoining buildings on the north and west are not conditioned 
and the air temperature within them is known to be substantially equal to the outdoor 
air temperature at any time of the day. 
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South wall construction: 8 in. concrete block, 4 in. brick veneer, i in. plaster 
on walls. (Table 8, Chapter 6, No. 92B, U « 0.41.) 

East wall and outside north wall construction: 8 in. concrete block, painted white, 
} in. plaster on walls. (Table 7, Chapter 6, No. 82B, U = 0.52.) 

West wall and adjoining north party wall construction: 13 in. solid brick, no 
plaster: 


5-iS + f + S »• 

Roof construction: 2} in. flat roof deck of 2 in. gypsum flber concrete on gypsum 
board surfaced with built-up roofing. (Table 16, u « 0.34 for summer.) 

Floor construction: 4 in. concrete on ground. 

Window: 3 ft x 5 ft, non-opening type, with medium colored Venetian blinds for 
windows on south wall. Approximately 4 in. reveal on all windows. 

Front doors: Two 2 ft-6 in. x 7 ft (glass panels). 

Side doors: Two 2 ft-6 in. x 7 ft (} glass panels). 

Rear doors: Two 2 ft-6 in. x 7 ft (glass panels). 

Outside design conditions: Maximum drv bulb 95 F, wet bulb 78 F; Wo » 0.0169 
lbs vapor per lb dry air ; A, “ 41 .38 Btu per lb dry air. 

Indoor design conditions : Dry bulb 80 F, wet bulb 65 F; W* — 0.0098 lb vapor per 
lb dry air; hi « 29.95 Btu per lb dry air. 

Occupancy: 85 office workers. 

Lights: 12,000 watts, fluorescent; 4000 watts tungsten. 

Fan motor: 7} hp. 

Conditioning equipment to be located in adjoining structure to north. 

Find: total, sensible, and latent maximum cooling loads and required air quantity 
through conditioning equipment. 

Solution: From Table 4, the recommended ventilation rate is 15 cfm per person. 
Total necessary « 85 X 15 *■ 1275 cfm or 76,500 cu ft per hr. 

As the room volume is 40,000 cu ft the air changes per hour will be 76,500/40,000 - 
1.91 which is more than one air change. 

Estimated Time of Maximum Cooling Load: 

For this job, judgment indicates that the roof will make the greatest single con- 
tribution to the cooling load. Hence, the time of maximum cooling load probably 
will be the time of maximum heat gain through the roof. From Table 14 the maxi- 
mum temperature differential for a 2 in. gypsum roof of medium weight construction 
is 54 deg at 4:00 P.M. and 53 deg at 3:00 r.M. Examination of Table 18 (40 deg N 
Latitude) sho>/(is that solar heat gain through glass on the south wall is 19 Btu per 
(hr) (sq ft) at 4:00 P.M. and 42 Btu at 3:00 r.M. This indicates that the maximum 
cooling load occurs at approximately 3:00 P.M. Therefore make load calculations 
at 3:00 P.M. suntime. (This may be slightly different than 3:00 P.M. local time.) 
In some cases, there would be no clear-cut evidence of this nature and consequently 
it would be necessary to estimate the load for several successive times and then to 
select the maximum. 

Heat Gain Through Outer Wall and Roof Areas: 

From Table 15 the temperature differential for the south wall (8 in. concrete block 
with 4 in. brick veneer) mav be about the same as a 12 in. brick which is 6 deg at 3:00 
P J^. for a dark colored wall. From the same table, the temperature differential for 
the east wall (8 in. concrete block with plaster) will be 11 deg at 3:00 P.M. for a 
light colored wall (interpolating between 2:00 and 4:00 P.M.). Likewise, the tem- 
perature differential for the north exposed wall (8 in. concrete block plus plaster) 
will be 3 deg at 3:00 P.M. (by interpolation) for a light wall. 

The party wall of 13 in. brick on the West side and part of the North side may be 
treated as if it were an outside wall in the shade which has a temperature differential 
(from Table 15) of 2 deg. 

For the door in North Wall estimate U — 0.59 from Chapter 6, Table 9, No. 5A. 
The outdoor temperature at 3:00 P.M. is 95 F. Neglect time lag and any decrement 
factor. The temperature differential is (^ — li) 95 - 80 « 15 deg. The tabula- 
tion of the preceding values at 3 P.M. is given in the following table: 
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SacnoN 

Nbt Abba 
S qFt 

Tbmpbbatvbb 
Diitbbbntial 
F Deg 

Hxat 

TBANeMXMION 

CoBmasOT 

{U) 

« 

Hbat Flow 
Ratb pbb 
H oua 

Btu 

Roof 

4000 

53 

" 0.34 

72,000 

South Wall 

405* 

6 

0.41 

995 

East Wall 

765* 

11 

0.52 

4,380 

North Exposed Wall 

West & North Party Wall 
Door in North Wall 

170* 

3 

0.52 

265 

1065* 

2 

0.26 

550 

35 

15 

0.59 

310 

Total 

78.500 


* Calculated from gross wail area less windows and doors. 

Heat Gain Through Glass Areas: 

In computing the load for 3:00 P.M., only the south windows and doors will be 
exposed to direct sunlight. Table 18 and Equation 10 will give the total heat gain 
from the glass areas. The window reveals will shade the south windows slightly; 
the fraction of window area receiving direct radiation is obtained from Equation 11 
by substituting values as follows : 

r, = 8 /I = 4/60; r, = 4/36; /3 = 45.5 deg. tan /3 = 1.02. 

7 = 16 deg, tan y « 0.287. 

«f » 1 - ^ (1.02) - (0.287) + (1.02) (0.287) = 0.902. 

The south doors will be considered entirely sunlit. The outdoor air temperature 
is 95 F at 3:00 P.M. From Table 23 the inside Venetian blind factor is taken as 
0.74. Referring to Table 18, the instantaneous heat gain due to solar and sky radia- 
tion for 40 deg N. latitude for south e^osure at 3:00 P.M. is read as 42 Btu per sq ft. 
These figures arc tabulated below. The radiation gain for south windows is 60 X 
0.902 X 0.74 X 42 » 1680 Btu per hr. The normal heat traasmission 60 X 1.04 (95— 
80) = 940. The sum of these heat gains 2620 Btu per hr is totaled in last column. 
The remaining doors and windows are calculated in a similar manner. 




1 

InBIOB ! 
,VjCN£T1AN 

Blind j 
Shading ; 
j Factor , 

Solar 

Radxa- 

Normal 

Total 

Location 

1 

1 Abba 

1 SqFt 

i 

{Fraction 

1 Sunlit 

Heat 
Gain 
B tu/sq ft 

1 

TION 

Heat 
Gain* 
Btu /hr 

Hbat , 

1 Trans. ! 
Btu/hr 

Hbat 

Gain 

Btu/hr 

South Windows 

60 

j 0.902 

' 0.74 

42 

1680 

940 

2620 

South Doors 

35 

i 1.00 

1 1 

42 

1470 

550 1 

2020 

East^ (Glass) doors | 

18 

35 



___ 1 

15 

270 

550 

) 820 

North Windows 

, 30 

1 — 

— ; 

15 : 

450 

470 1 

920 

Total 






1 

6380 


* See Equation 10 and the note under caption of Table 18. 

^ Doors are i glass. Calculate sky radiation for glass portion and normal transmission for entire door 
assuming U *■ 1.04 for wood portion as well as glass. 

In some jobs it would be desirable to increase (or decrease) the ii^tantaneous radi- 
ation heat gain by a load-lag factor. The reason for not doing so in this case is that 
the solar gain is of a low magnitude and reference to the table indicates that 0.8 of 
the previous hour would not affect the results materially. 

Heat Gain from Ventilation and Infiltration: 

Since the neccssarv ventilation rate 1275 cfm is greater than one air change per 
hour, it will be satis&ctory for determining the ventilation component of the heat 
gain. 

Window infiltration can be taken as negligible since the windows do not open. 

Door infiltration requires some judgment. Assume that for each person passing 
through the double doors, the infiltration will be 100 cu ft of outdoor air, see Chapter 
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8| Table 3. Assume that the outside doors will be used at the rate of 10 persons per 
hour*!and the inside doors at the rate of 30 persons per hour. Total infiltration will 
then be 40 X 100 B 4000 cfh or 67 cfm. 

The design rate of entry of outside air is then: 

Q B 1275 + 67 B 1342 cfm. 

The sensible, latent and total loads are determined from Equations 13, 14 and 15 
respectively at 3:00 P.M. (Table 13) to = 95, ti = 80, ITo = 0.0169, Wi = 0.0098. All 
the air entering the room as infiltration becomes a part of the space load. 

InJUiration: 

Q7 X 1.08 (95- 80) « 1085 Btuh sensible. 

g. B 67 X 4840 (0.0169-0.0098) = 2300 Btuh latent. 

gt *= 98 + = 1085 + 2300 = 3385 Btuh total. 

Ventilation Air Taken Through Cooling Unit Which Does Not Become a Part of the 
Space Load: 

9 . = 1275 X 1.08 (95- 80) b 20,700 Btuh, sensible. 

9 e B 1275 X 4840 (0.0169- 0.0098) « 43,800 Btuh, latent. 

9t *= 9t + 9e =* 20,700 -f 43,800 b 64,500 Btuh, total. 

Heat Gain from Sources within the Conditioned Space: 

For the occupants, use the data of Table 24 for moderately active ofhce work. 

Sensible heat gain = 85 X 200 b 17,000 Btu per hr. 

Latent heat gain » 85 X 250 » 21,250 Btu per hr. 

Total B 38,250 Btu per hr. 

For the gain from lighting, use Equation 16 with a use factor of unity, and a special 
allowance factor of 1.^ for the fluorescents and of unity for the tungsten globes. 

9 ei B (12,000 X 1.20 + 4000) X 3.41 « 62,700 Btu per hr. 

For the fan motor, use Equation 17 with a load factor of unity and omit term 

Motor Efficiency because the motor is not within the space. 

9em == 7.5 X 2544 b 19,100 Btu per hr. 

Moisture Permeation, Miscellaneous Allowance, and the Load-Lag Estimate 

Moisture permeation will be negligible, since this is a comfort job with a good 
building construction. 

There would be some heat gain in the ductwork, but this would not be great be- 
cause of the short run involved. Practical judgment for this job w'ould suggest that 
no adjustment for load -lag need be made to the load as computed. (Refer to Fig. 6) . 
While it is true that inside radiation forms an important part of the total heat gain, 
it is advisable to be conservative in recognizing the effect of the large, flat, hot roof 
on the comfort sensations of the occupants. Radiation from the relatively low ceiling, 
augmented by heat absorption from the lighting fixtures, would produce a sensation 
of warmth in excess of the nominal effective temperature (see Chapter 12) estab- 
lished by the wet bulb and dry bulb temperatures. Hence, it is not desirable to take 
advantage of every small decrease possible in the peak design load, especially since 
the peak occurs in mid-afternoon when everything would be rather well warmed. 

Total Loads and Required Air Quantity through Conditioning Equipment: 

The total loads are summarized in Table 26. 

Compute the specific enthalpy of the water difference room air and\ supply air, 
from Equation 19. 




(184,765 + 23,550) 
23,550 


X 1076 


9520. 
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Tablb 26. Summary of Total. Loads — Example 11 


Load CoifPONDier 

Sensible 

Btu/hr 

Latent 

Btu/hr 

* 

All Walls, roof and doors 

Glass areas 

78,500" 

6,380 


Infiltration 67 cfm 

1,085 

2,300 

Occupants 

17,000 

1 62,700 

21,250 

Lighting 

Motor, Fan 


1 19,100 


Space Load 

1 184,765 

23,550 

Ventilation 1275 cfm 

1 20,700 

i 43,800 

Totals 

1 205,465 

67,350 

1 

Grand Total Sensible and Latent 


272,815 


From the Goff diagram, determine that the apparatus dew-point is 54 ..S F (refer to 
Chapters 3 and 43) 

In computing the effective air quantity, assume a coil efficiency of S5 per cent. 
Then, 


^ : 0.85 

(Refer to Chapter 25 for coil selection and efficiency.) 

From note under Equation 20 the dry -bulb range will be (80— 54.3) X 0.85 = 21.8 
deg and the dry bulb temperature of air leaving the coil will be 80 — 21.8 — 58.2 F. 
The dry-bulb temperature leaving the fan (including the heat supplied by the fan 
motor), or delivered into the room, will be (from Equation 22) : 


With good distribution and diffusion, this temperature should not produce objec- 
tionable drafts. 


Example 11: Summary 


Outdoor Conditions 
Space Conditions. . 


95 DB 78 WB 

80 DH 65 \VB 


0.0169 Humidity Ratio 
0.0098 Humidity Ratio 


Difference ... 15 


0.0071 


Sensible Load 

Transmission ' Btu/Hr 

Roof 4(XX) sq ft X 53^ X 0.34 * 72,000 

S. Wall 405 sq ft X 6® X 0.41 = 995 

E. Wall 765 sq ft X IT X 0.52 = 4,380 

N. Wall Ex. 170 sq ft X 3" X 0.52 = 265 

N. & W. Party Wall 1065 sq ft X 2“ X 0.26 5.50 

Floor None 

Door 35 sq ft X 15 X 0.59 = . . 310 

All Glass 160 sq ft X 15 X 1.01 = 2,510 

Solar Radiation 

S. Glass 60 sq ft X 0.90 X 0.74 X 42 = . 1,680 

S. Glass (Doors) 35 sq ft X 1.0 X 42 - 1,470 

E. Glass (Doors) 18 sq ft X 15 = . . 270 

N. Glass 30 sq ft X 15 = . . 450 

Internal Load 

Infiltration 67 efin X 1.08 X 15" =. 1,085 

Lights (12,000 X 1.20 + 4000) 3.41 » 62,700 

People 85 X 200 = . 17,000 

Motor, Fan 7.5 hp X 2544 * . . . 19,100 

Total Sensible Space Load 184,765 
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Latent Load 

Infiltration 67 cfm X 4840 X 0.0071 - 2,300 

People 85 X 250 - 21,250 

Total Latent Space Load 23,550 

Ventilation Air 

Sensible 1275 cfm X 1.08 X 15® » 20,700 

Latent 1275 cfm X 4840 X 0.0071 - 43,800 

Grand Total Load 272,815 


LETTER SYMBOLS USED IN CHAPTER 15 

» solar altitude, degrees. 

7 « difference between the azimuth angle of an outdoor wall and the azimuth 
angle of the horizontal projection of the sun’s rays, degrees. 

M » Permeability of material to moisture transmission, grains per (sq ft) (hr) 
(inch Hg). 

X « amplitude decrement factor, a variable depending on thickness, material, and 
orientation of the wall or roof dimensionless. 

$ » angle of incidence for sun’s rays striking a surface, degrees, 
r B fraction of incident radiant energy transmitted through a glass section, 
dimensionless. 

A » area across which heat is being transferred, square feet. 
a « fraction of incident radiant energy absorbed within a glass section, dimension- 
less. 

h « fraction of incident radiant energy absorbed by a non-transparent surface, 
dimensionless. 

e « ratio of direct solar radiation to sky radiation falling on a horizontal surface, 
dimensionless. 

f\ - unit convective conductance for indoor surface » film coefficient of heat trans- 
fer of indoor air, Btu per (square foot) (hour) (Fahrenheit degree). 

/o *= unit convective conductance for outdoor surface film coefficient of heat 
transfer of outdoor air, Btu per (square foot) (hour) (Fahrenheit degree). 

Of « fraction of total window area receiving direct solar radiation when shaded by 
window reveal, dimensionless. 

hi = enthalpy of indoor air per pound of dry air, Btu per pound, 
ho » enthalpy of outdoor air per pound of dry air, Btu per pound. 

Id » direct solar radiation incident upon a surface at any angle of incidence, Btu 
per (square foot) (hour). 

In « direct solar radiation incident on a surface at normal incidence, Btu per 
(square foot) (hour). 

/• s sky radiation incident upon a surface, Btu per (square foot) (hour). 

/t * /■ + /d, Btu per (square foot) (hour). 

K s cosine of angle of incidence for direct solar radiation striking a surface, dimen- 
sionless. 

k ■« thermal conductivity of building material, Btu per (square foot) (hour) 
(Fahrenheit degree per foot). 

L thickness of building material, feet. 

I » height of window, feet. 

Q rate of entry of outdoor air, cubic feet per minute. 

Qrm required air quantity through conditioning equipment, cubic feet per minute, 
q instantaneous rate of heat transfer, Btu per hour. 
go instantaneous latent heat load, Btu per hour. 
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gin » Latent head load due to moisture transmission through materials, Btu per 
(hr) (sq ft). 

g. » instantaneous sensible heat load, Btu per hour, 
gt ■* ge + g*, Btu per hour. ♦ ^ 

gw the heat-moisture ratio of the room load based upon the ratio of the total heat 
added divided by the required rate of water-vapor removed, 
r a fraction of incident radiation reflected from glass surface, dimensionless. 

U » sol -air temperature, Fahrenheit degrees. 

U* B sol -air temperature at a time earlier than the time for which heat gain is being 
found by an amount that is equal to the time lag of the wall or roof, Fahren- 
heit degrees. 

h B indoor air temperature, Fahrenheit degrees. 

iu ■■ temperature of outer surface of building, Fahrenheit degrees. 

tm 24-hr cyclic average sol-air temperature, Fahrenheit degrees. 

+ (^e* — ^m), net equivalent outdoor temperature for combined periodic 
and mean heat flow, Fahrenheit degrees. 

U B over-all coeflUcient of heat transfer of a structural section, Btu per (square 
foot) (hour) (Fahrenheit degree). 

Vo B volume of outdoor air per pound of dry air, cubic feet. 
w B width of window, feet. 

W i « humidity ratio of indoor air, pounds moisture per pound of dry air. 

Wo « humidity ratio of outdoor air, pounds moisture per pound of dry air. 

REFERENCES 

‘ Application Engineering Standards for Air Conditioning for Comfort {Air Con- 
ditioniny and Refrigerating Machinery Association^ Inc»y 1947, p. 4-7). 

* Proposed Standard Solar Radiation Curves for Engineering Use, by P. Moon 
{Journal of the Franklin Institute, November, 1940, Vol. 230, No. 5, p. 583-617). 

* Summer Cooling for Comfort as Affected by Solar Radiation, by G. A. Hendrick- 
son and J. H. Walker {Heating and Ventilating, Vol. 29, No. 11, November, 1932, p. 
14-21). 

* Dynamic Meteorology, by B. Haurwitz (McGraw-Hill Book Co., Inc., New York, 
1941). 

* Summer Weather Data and Sol-Air Temperature— Study of Data for New York 
Gity, by C. O. Mackey and E. B, Watson (A.S.H.V.E. Transactions, Vol. 51, 1945, 
p. 75). 

* A.S.H.V.E. Research Report No. 1268 — Summer Weather Data and Sol -Air 
Temperature— Study of Data for Lincoln, Nebr., by C. O. Mackey (A.S.H.V.E. 
Transactions, Vol. 51, 1945, p. 93). 

^ A.S.H.V.E. Research Report No. 923— Heat Transmission as Influenced by 
eat Capacity and Solar Radiation, by F. C. Houghten, . M. 

Pugh and Paul McDermott (A.S.H.V.E. Transactions, Vol. 38, 1932, p. 231). Ef- 
fect of Heat Storage and Variation in Outdoor Temperature and Solar Intensity on 
Heat Transfer Through Walls, by J. S. Alford, J. E. Ryan and F. O. Urban (A.S.H.- 
V.E. Transactions, Vol. 45, 1939, p. 369). Periodic Heat Flow in Building Walls 
Determined by Electrical Analogy Method, by Victor Paschkis (A.S.H.V.E. Trans- 
actions, Vol. *48, 1942, p. 75). Periodic Heat Flow — Homogeneous Walls or Roofs, 
by C. O. Mackey and L. T. Wright, Jr. (A.S.H.V.E. Transactions, Vol. 50, 1944, 
p. 293). Periodic Heat Flow — Composite Walls or Roofs, by C. 0. Mackey and L. T. 
Wright, Jr. (A.S.H.V.E. Transactions, Vol. 52, 1946, No. 1299). 

* A.S.H.V.E. Research Report No. 1002 — Cooling Requirements of Single Rooms 
in a Modern Office Building, by F. C. Houghten, Carl Gutberlet, and Albert J. Wahl 
(A.S.H.V.E. Transactions, Vol. 41, 1935, p. 53). 

* Study of Actual vs. Predicted Cooling Load on An Air Conditioning System, by 
James N. Livermore (A.S.H.V.E. Transactions, Vol. 49, 1943, p. 287). 

^ A.S.H.V.E. Research Report No. 1195— Heat Gain Through Walls and Roofs 



324 


CHAPTER IS 


1M9 Guide 


as Affected by Solar Radiation, by F. C. Houghten, E. G. Hach, S. I. Taimuty and 
Carl Gutberlet (A.S.H.V.E. Transactions, Vol. 48, 1942, p. 91;. 

Solar Heat Gain Through Walls and Roofs for Cooling Load Calculations, by J. 
P. Stewart (A.S.H.V.E. Journal Section Heating^ Piping and Air Conditioning^ 
August 1948, p. 121). 

“ A.S.H.V.E. Research Report No. 1281 — The Transmission of Solar Radiation 
Through Flat Glass Under Summer Conditions, by G. V. Parmelee (A.S.H.V.E. 
Transactions, Vol. 51, 1945, p. 317). 

** A.S.H.V.E. Research Report No. 1147 — Heat Gain Through Glass Blocks by 
Solar Radiation and Transmittance, by F. C. Houghten, David Shore, H. T. Olson 
and Burt Gunst (A.S.H.V.E. Transactions, Vol. 46, 19^, p. 83). 

A.S.H.V.E. Research Report No. 975 — Studies of Solar Radiation Through 
Bare and Shaded Windows, by F. C. Houghten, Carl Gutberlet, and J. L. Blackshaw 
(A.S.H.V.E. Transactions, Vol. 40, 1934, p. 101). A.S.H.V.E. Research Report 
No. 1180— Heat Gain Through Western Windows With and Without Shading, by F. 
C. Houghten, and David Shore (A.S.H.V.E. Transactions, Vol. 47, 1941, p. ^1). 

The Mechanism of Heat Transfer Panel Cooling Heat Storage, by C. S. Leopold, 
{Refrigerating Engineering ^ July 1947, p. 33). Hydraulic Analogue for the Solution 
of Problems of Thermal Storage, Radiation, Convection and Conduction, by C. S. 
Leopold, {Refrigerating Engineering j July, 1947, p. 33). 

See Reference 1, p. 8. 

Cooler Footcandles for Air Conditioning, by W. G. Darley (A.S.H.V.E. Trans- 
actions, Vol. 46, 1940, p. 367). Lighting and Air Conditioning Design Factors, Re- 
port of I.E.S, — A.S.H.V.E. Joint Committee on Lighting in Air Conditioning 
(A.S.H.V.E. Journal Section, Heating ^ Piping and Air Conditioning y September. 
1941. p.605). Lighting and Air Conditioning, by Howard M. Sharp {Heating and 
Ventilating y November, 1942, p. 35). 

“ Compiled by J. P. Stewart from various sources. 



CHAPTER 16 

FUELS AND COMBUSTION 

Classification of Coals, Cokes, Fuel Oils, and Gas, Dustless Treatment of Coal, 
Fundamental Principles of Combustion, Heat of Combustion, Air Required 
for Combustion, Excess Air, Heat Balance, Firing Methods, Secondary 
Air, Draft Requirements, Draft Regulation, Furnace Volume, 
Combustion of Gas, Soot, Condensation and Corrosion 

F uels may be classified according to their physical state as solid, liquid, 
or gaseous. The principal fuels used for domestic heating are coal, oil, 
and gas. However, coke, wood, kerosene, sawdust, briquettes, and other 
substances are used for heating in special applications or in localities where 
an adequate supply is available. Experiments are in progress in the use 
of a colloidal suspension of coal particles in fuel oil, but this fuel has not 
attained wide-spread usage as yet. The choice of fuel is usually based on 
dependability, cleanliness, availability, economy, operating requirements, 
and control. 


CLASSIFICATION OF COALS 

Coal has a complex composition that makes classification into clear-cut 
types difficult. Chemically it consists of carbon, hydrogen, oxygen, nitro- 
gen, sulfur, and a mineral residue called ash. A chemical analysis provides 
some indication of the quality of a coal, but does not define its burning 
characteristics sufficiently. The coal user is interested principally in the 
available heat per pouncl of coal, in the handling and storing properties, 
the amount of ash and dust produced and the burning characteristics. A 
description of the relationship between the qualities of coals and these 
characteristics requires considerable space; a treatment applicable to 
heating boilers is given in a Bureau of Mines Bulletin^ 

There arc two forms of coal analyses; namely, the 'proximate analysis 
and the ultimate analysis. In the proximate analysis the proportions of 
moisture, volatile matter, fixed carbon, sulfur, and ash are determined. 
This analysis is more easily made and is satisfactory for indicating most 
of the characteristics which are of interest to the user. For the proximate 
analysis the moisture is determined by observing the loss of weight of a 
sample of coal when dried at about 220 F. To determine the volatile 
matter, the dried sample is heated to about 1750 F in a closed crucible, 
and the loss of weight is noted. The remaining sample is then burned in 
an open crucible, and the accompanying loss of weight represents the fixed 
carbon. The unburned residue is ash. Although determined separately, 
the sulfur content is frequently reported with the proximate analysis be- 
cause the usefulness of a coal for certain purposes depends on its sulfur 
content. 

In the ultimate analysis, which is difficult to make, the percentages of 
carbon, hydrogen, oxygen, nitrogen, sulfur, and ash in the coal sample 
are determined. It is used for. detailed studies of fuels and in computing 
a heat balance when required in testing of heating devices. Typical ulti- 
mate analyses of the various kinds of coal are shown in Table 1*. 

Other important qualities of coals are the screen Biases, ash fusion tem- 
perature, friability, caking tendency, and the qualities of the volatile 
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matter. In considering these factors the following points are of interest, 
“l^e volatile products given off by coals when thejr are heated differ mate- 
rially in the ratios by weight of tiie gases to the oils and tars. No heavy 
oils or tars are given off by anthracite, and very small quantities are given 
off by semi-anthracite. As the volatile matter in the coal increases to as 
much as 40 per cent of ash and moisture-free coal, mcreasing amounts of 
oils and tars are released. For coals of higher volatile content, the relative 
quantity of oils and tars decreases and is therefore low in the sub-bit um inous 
coals and in lignite. The percentage of ash and its fusion temperature do 
not indicate the composition or distribution of its constituents. 

A classification of coals is given in Table 2, and a brief description of the 
kinds of fuel is given in the following paragraphs, but it should be recog- 

Tabui 1. Ttfical Ui^matb Anai.tbbs fob Coals 



BtvpbrLb 



COMSTRVBMTB, PlR ClNT 



Ramk 

Moist, 

Mineral- 

matter- 

free* 

Moist, 

iS 

Reedved 

Oxyses 

dro^ 

CBrbon 



Ash 

0t+ 

Anthracite. 

14,600 

12,910 

5.0 


80.0 

0.9 


10.5 

87.9 

Semi-Anthracite. 

15,200 

13,770 

5.0 

3.9 


1.1 


8.5 

89.3 

Low-Volatile 








Bituminous 

15,350 

14,340 

5.0 

4.7 

81.7 

1.4 

1.2 

6.0 

91.4 

Medium- Volatile 








Bituminous 

15,200 

13,840 

5.0 

5.0 

79.0 

1.4 

1.5 

8.1 

89.0 

High-Volatile 








Bituminous A 

14,500 


9.2 

5.3 

73.2 

1.5 

2.0 

8.8 

87.7 

High-Volatile 
Bituminous B 








13,500 

12,130 

13.8 

5.5 

68.0 

1.4 

2.1 

9.2 

87.3 

yiMSIHWi 








12,000 

mg 


5.8 

60.6 

1.1 

2.1 

wQ 

87.4 









EtB ji? ' jo * 

jfiyEn 

9,150 

29.5 

1^ 


r 1.0 


9.8 

^.2 


KauTij 

8,940 

35.8 

6.5 


0.8 

0.6 

9.6 


Lignite 

7,500 

6,900 

44.0 

6.9 


0.7 


7.3 



‘ ( lo ^ T r ah ) ‘®*“ “ 


nized that there are no distinct lines of demarcation between the kinds, and 
that they graduate into each other. 

Anthracite is a clean, dense, hard coal which creates little dust in handling. It is 
comparatively hard to ignite but it burns freely when well started. It is non -caking, 
it burns uniformly and smokelessly with a short flame, and it requires no attention to 
the fuel bed between firings. It is capabb of giving a high efficiency in the common 
types of hand-fired furnaces. A tabulation of the quality of the various anthracite 
sizes will be found in a Bureau of Mines Report*. Standard anthracite sizing specifi- 
cations are shown in Table 3. 

Semi-anthracite has a higher volatile content than anthracite. It is not so hard 
and ignites somewhat more easily; otherwise its properties are similar to those of 
anthracite. 

Semi-bituminoiie coal is soft and friable, and fines and dust are created by handling 
it. It ignites somewhat slowly and burns with a medium length of flame. Its caking 
properties increase as the volatile matter increases, but the coke formed is relatively 
weak. Having only half the volatile matter content of the more abundant bitumi- 
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nous coals, it can be burned with less production of smoke, and it is sometimes called 
amokeleaa coal. 

The term bituminoua coal covers a large range of coals and includes many types 
having distinctly different composition, properties, and burning characteristics. 


Table 2. Classification of Coals bt Rank" 

Lefsnd: F.C. ■■ Fixed Carbon. V.M. -i Volatile Matter. Btu British thermal units. 


Gfiocp 

Limits op Fixxd Caxbon or Btu 
Minxral-Mattxr-Fbex Basis 


Dry F.C.. 98 per cent or more (Dry 
V.M.. 2 per cent or less) 

2. Anthracite 

Dry F.C.. 92 per cent or more and less 
than 98 per cent (Dry V.M.. 8 per 
cent or leas and more than 2 per cent) 

3. Semi-anthracite 

Dry F.C., 86 per cent or more and less 
than 92 per cent (Dry V.M.. 14 per 
cent or less and more than 8 per cent) 

1. Low volatile Utuminoua ooal 

Dry F.C.. 78 per cent or more and leas 
than 86 per cent (Dry V.M.. 22 per 
cent or leas and more than 14 per 
cent) 

2. Medium volatile bituminoua coal 

Dry F.C.. 69 per cent or more and leas 
than 78 per cent (Dry V.M.. 31 per 
cent or leas and more than 22 per 
cent) 

3. High volatile A bituminous eoal.. 

Dry F.C., less than 69 per cent (Dry 
V.M.. more than 31 per cent); and 
moist* Btu. 14.000* or more 

i. High volatile B bituminoua coaL 

Moist* Btu, 13,000 or more and leas 
than 14,000* 

5. High volatile C bituminous Coal.. 

Moist Btu, 11,000 or more and loss 
than 13,000* 

1. Sub-lMtuminous A coaL, 

Moist Btu, 11,000 or more and less 
than 13,000* 

2. Sub-bituminous B coaL. 

Moist Btu, 9500 or more and leas 
than 11.000* 

3. Sub-bituminous C eoal 

Moist Btu, 8300 or more and less 
than 9500* 

1. Lignita, „ . 

Moist Btu leas than 8300 

2. Brown coal 

Moist Btu leas than 8300 


Class 


RSQDISini PUTf 
Pbopbrtuk 


1. Antbrscite .. 


11. Bituminous^ \ 


III. 8ub>bitumlnou8. 


IV. Ligaitie. 


— 1 


Non-aggloinont 


jEither sgslomera 
or non-wsather 


Both weatbsriiig 
Bon-aggloomrat 


Consolidated 

Unconsolidated 


" This classification docs not include a few coals which have unusual i>h 3 r 8 ical and chemical properties and 
which come within the limits of fixed carbon or Btu of the high-volatile bituminoua and sub-bituminous 
ranks. All of these coals either contain less than 48 per cent dry. mineral- matter-free fixed carbon or have 
more than 15.500 moist, mineral-matter-free Btu. 

^ If agglomerating, classify in low-volatile group of the bituminous class. 

* Moist Btu refers to coal containing its natural bed moisture but not including visible water on the sur- 
face of the coal. 

It is recognised that there may be non-caking varieties in each group of the bituminous class. 

" Coals having 00 per cent or more fixed carbon on the dry. mineral-matter-free basis shall be classified 
according to fixed carbon, regardless of Btu. 

^ There are three varieties of coal in the high- volatile C bituminous coal ^up, namely. Variety 1. agglom- 
erating and non-weathering; Variety 2. agglomerating and weathering; Variety 3. non-agglomerating and 
non- weathering. 

Adapted from A.S.TJd. Standards, 1037, Supplement, p. 145. Amariean Soeiely for Tooting MaUrudo, 
Philadelphia. 


The coals range from the high-grade bituminous coals of the East to the poorer coals 
of the West. Their caking properties range from coals which completely melt, to 
those from which the volatiles and tars are distilled without change of form, so that 
they are classed as non-caking or free-burning. Most bituminous coals are strong 
and non-friable enough to permit of the screened sizes being delivered free from fines. 
In general, they igpite easily and burn freely; the length gf flame varies with different 
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coals, but it is long. Much smoke and soot are possible , if improperly fired , especially 
at low rates of burning. 

Sub-hituminoua coals occur in the western states; they are high in moisture when 
mined and tend to break up as they dry or when exposed to the weather; they are 
liable to ignite spontaneously when piled or stored. They ignite easily and quickly 
and have a medium length flame, are non -caking and free-burning; the lumps tend 
to break into small pieces if poked; very little smoke aqd soot are formed. 

Lignite is of woody structure, very high in moisture as mined, and of low heating 
value ; it is clean to handle. It has a greater tendency than the sub-bituminous coals 
to disintegrate as it dries, and it also is more liable to spontaneous ignition. Freshly 
mined lignite, because of its high moisture, ignites slowly. It is non-caking. The 
char left after the moisture and volatile matter are driven off burns very easily, like 

Table 3. Standard Anthracite Sizing Specifications* 


Size 

Test Mesh. 

In. 

Round Mesh 

Maximum 

Impurities. 

Per Cent 

Overaize 

Undersize 

Through 

Over 

Max. 

Per Cent 

Max. 
Per Cent 

1 Min. 
IPer Cent 

Slateb 

Bone 

Brokp.n 

4H 

zii 


15 

7H 


2 

Egg 

3JOo8 

2% 

5 

15 

7H 

lyi 

2 

Stove 

2% 

iVs 

7H 

12)4 

7H 

2 

3 

Nut 

m 



10 

5 

3 

4 

Pea 


% 

10 j 

15 

7J^ 

4 

5 

Buckwheat.. 



10 

15 

7H 

12 Ash 

Rice. 


hi 1 

1 10 i 

15 

7H 

13 Ash 

Barley 

Hi 

% 

1 10 


10 

1 




* Approved and adopted by AnthraeUe Committee^ State Street Building, Harrisburg, Pa. 

^ When slate content on Broken to Pea inclusive is less than above standards, bone content may be corre- 
spondingly increased, but slate content specified above shall not be exceeded in any event and the total max- 
imum impurities shall not exceed those above specified. 


charcoal. The lumps tend to break up in the fuel bed and pieces of char falling into 
the ashpit continue to burn. Very little smoke or soot is formed. 

DUSTLESS TREATMENT OF COAL 

The practice of treating the more friable coals to allay the dust they 
create is increasing. The coal is sprayed with various petroleum products, 
a solution of calcium chloride or a mixture of calcium and magnesium 
chlorides. 

The coal is usually treated at the mine, but sometimes by the local dis- 
tributor just before delivery. The salt solutions are sprayed under high 
pressure, using from 2 to 4 gal or from 5 to 10 lb of the salt per ton of 
coal, depending on its friability and size. Oil for the dustless treatment 
of coal is also applied under high pressure, in concentrations of 1 to 8 qt 
per ton of coal, depending upon the characteristics of the coal and oil. 

Dustless treatments which are of such a corrosive nature that they may 
damage coal handling or burning equipment should not be used. 

CLASSIFICATION OF COKES 

Coke is produced by the distillation of the volatile matter from coal. The t 3 rpe of 
coke depends on the coal or mixture of coals used, the temperatures and time of distib 
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lation and, to some extent, on the type of retort or oven; coke is also produced as a 
residue from the destructive distillation of oil. 

High~iemperature cokes. Coke as usually available is of the high-temperature 
type, and contains between 1 and 2 per cent yolatile matter. High-temperature cokes 
are subdivided into beehive coke of which comparatively little is now sold for domestic 
use, by-product coke, which covers the greater part of the coke sold, and gas-houee coke. 
The differences among these three cokes are relatively small; their denseness and 
hardness decrease and friability increases in the order named. In general, the lighter 
and more friable cokes ignite and burn the more easily. 

Low-temperature cokes are produced at low coking temperatures, and only a portion 
of the volatile matter is distilled off. Cokes as made by various processes under de- 
velopment have contained from 10 to 15 per cent volatile matter. In general, these 
cokes ignite and burn more readily than high-temperature cokes. The properties of 
various low-temperature cokes may differ more than those of the various high-tem- 
perature cokes because of the differences in the quantities of volatile matter and 
because some may be light and others briquetted. 

Petroleum cokes, which are obtained by coking the residue left from the distillation 
of petroleum, vary in the amount of volatile matter they contain, but all have the 
common property of a very low ash content, which necessitates the use of refractory 
pieces to protect the grates from being burned. 

CLASSIFICATION OF FUEL OILS 

Fuel oils are produced by distillation from crude petroleum after gasoline, 
naphtha, and other lighter products have been removed. Fuel oil is 
composed chemically of about 85 per cent carbon and 12^ per cent hydrogen 
with small amounts of oxygen, nitrogen, and sulfur. Oils are classified 
according to their specific gravity, but specific gravity alone is not a suffi- 
cient index of the properties that are important for heating purposes. 
Other characteristics that must be considered in the choice of a fuel oil 
are the flash point, pour point, water and sediment content, carbon residue, 
ash, sulfur content, distillation temperatures, and viscosity. 

The flash point and distillation characteristics are important relative to 
easy ignition and complete gasification of the oil in a burner. A low pour 
point and low water content are of interest in connection with the storage 
of the fuel in outdoor tanks, w’hile a low viscosity permits easy passage 
through a small orifice. The sediment, carbon residue, and ash content 
should be low to prevent clogging of strainers and accumulation of un- 
burned material in the burner. The sulfur content may be of importance 
because of the corrosive effect of sulfur compounds in the burner and 
heating appliance or in special commercial processes. 

The Commercial Standard Specifications for Fuel Oils (CS 12-40) of 
the U. S. Department of Commerce are given in Table 4. These specifica- 
tions conform to American Society for Testing Materials Tentative Specifi- 
cations for Fuel Oils D 396-38T. 

The relationship between the A.P.I. gravity of fuel oils and their calorific 
value is given in Table 5. Fuel oil grades No. 1, No. 2 and No. 3 only are 
used in domestic heating equipment. Grades No. 5 and No. 6 are us^ in 
commercial and industrial burners and usually require preheating. 

CLASSIFICATION OF GAS 

Gas is broadly classified as being either natural or manufactured. Natural 
gas is a mechanical mixture of several combustible and inert gases rather 
than a chemical compound. Manufactured gas as distributed is usually 



Table 4. Detailed Requirements for Fuel Oils^ 
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Table 6. Approximate Gravity and Calorific Value 
OF Standard Grades of Fuel Oil 


CoinaHCUL 

Standabd No. 

Afproxiiuti Graxitt 

Ramob 

CALORinC Valitb 

Btu Pbb Gallon 

1 

38-40 

136,000 

2 

34-36 

138,600 

3 

28-32 

141,000 

5 

18-22 

143.500 

6 

14-16 

152,000 


a combination of certain proportions of gases produced by two or more 
processes. Representative properties of gaseous fuels commonly used in 
domestic heating are presented in Table 6. 

Natural gas is the richest of the gases and contains from 80 to 95 per 
cent methane, with small percentages of the other combustible hydro- 
carbons. In addition, it contains from 0.5 to 5.0 per cent of CO 2 , and from 
1 to 12 or 14 per cent of nitrogen. The heat value varies from 1000 to 1200 
Btu per cu ft, the majority of natural gases averaging about 1000 Btu 
per cu ft. Table 6 shows typical values for the four main oil fields, although 
values from any one field vary materially. 

Table 6 also gives the calorific values of the more common types of manu- 
factured gas. Most states have legislation which controls the distribution 


Table 6. Representative Properties of Gaseous 
Fuels, Based on Gas at 60 F and 30 in. Ho 



Btu fBB Cu Pr 

SFBCinc 
Gravitt. 
Aik >■ 


Products or Combustion 


Gai 

High 

(Gro«) 

Low 

(Net) 

Air Rxquirbd 
roR Coubub- 

TION. 

(Cu Ft) 

Cubic Feet 

Ulti- 

MATK 

COt 

Dry 

Basis 

Thborbtical 
Flams Trm- 
peraturb, 

1 (F OBQ) 


1.00 

COt 

HiO 

KQSOi 

mi 

Natural gas — 
California 

1200 

1085 

0.67 

11.26 

1.24 

2.24 

12.4 

12.2 

3610 

Natural gas — 
Mid-Conti- 
nental 

970 

870 

0.57 

9.17 

0.97 

1.62 

10.2 

11.7 

3580 

Natural gas — 
Ohio 

1130 

1025 

0.65 

10.70 

1 17 

2.16 

11.8 

12.1 

3600 

Natural gas — 
Pennsylvania 

1130 

1025 

0.71 

11.70 


2.29 

12.9 

12.3 

3620 

Retort coal gas 

570 

510 

0.42 

5.00 


1.21 

5.7 

11.2 

3665 

Coke oven gas 

590 

520 

0.42 

5.19 

0.51 

1.25 

5.9 

11.0 

3660 

Carbureted 
water gas 

540 

495 

0.65 

4.37 

0.74 

0.75 

5.0 

17.2 

3815 

Blue water gas 

300 

280 

0.53 

2.26 

0.46 

0.51 

2.8 

22.3 

3S00 

Anthracite pro- 
ducer gas 

135 

125 

0.85 

1.05 

0.33 

0.19 

1.9 

19.0 

3000 

Bituminous 
producer gas 

150 

140 

0.86 

1.24 

0.35 

1 

0.19 

2.0 

19.0 

3160 

Oil gas 

575 

510 

0.35 

4.91 

0.47 

1.21 

5.6 

10.7 

3725 
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of gas and fixes a minimum limit to its heat content. The gross or hif^er 
calorific value usually ranges between 520 and 545 Btu per cu ft with an 
average of 535. A ^ven heat value may be maintained and yet leave 
considerable latitude in the compositiop of the gas so that as distributed 
the composition is not necessarily the same in diffeibnt districts, nor at 
successive times in the some district. However, in any community the 
variations in gas composition are held within suitable limits so that the 
performance of approved gas appliances will not be adversely affected. 

FUNDAMENTAL PRINCIPLES OF COMBUSTION 

Combustion may be defined as the chemical combination of a substance 
with oxygen with a resultant evolution of heat. The rate of combustion 
depends partly upon the specific rate of reaction of the combustible sub- 
stance with oxygen, partly upon the rate at which oxygen is supplied, and 
upon the temperature obtained due to surrounding conditions. 

Complete combustion is obtained when all of the combustible elements in 
the fuel are oxidized with all of the oxygen with which they can combine. 
All of the oxygen supplied may not be utilized. 

Perfect combustion is defined as the result of suppljdng the required 
amount of oxygen for combination with all of the combustible elements of 
the fuel and utilizing all of the oxygen so supplied. 

The oxygen required for the process of combusion is obtained from air 
which is a mechanical mixture of oxygen, nitrogen and small amounts of 
carbon dioxide, water vapor and inert gases. These inert gases are gen- 
erally included with the nitrogen, and for engineering purposes the values 
given herewith may be used. 



Bt Voldmb, Pxb Cbnt 

Bt WnoBT, PsB Cbnt 

Oxygon, Oi 

20.9 

23.15 

Nitrogen, Nt 

79.1 

76.85 


The combination of oxygen with the combustible elements and com- 
poimds of a fuel is in accordance with fixed laws. In the case of perfect 
combustion the reactions and resultant combinations are shown in Table 7. 

The most important condition governing the process of combustion is 
temperature. It is necessary to bring a combustible substance to its ig- 
nition temperature before it will unite in chemical combination with oxy- 
gen to produce combustion. The ignition temperatures for several of the 
combustible constituents of fuels are presented in Table 7. 

HEAT OF COMBUSTION 

As previously stated, the process of combustion results in the evolution 
of heat. The heat generated by the complete combustion of a unit of fuel 
is constant for a given combination of combustible elements and com- 
pounds, and is known as the heaJt of combustion, calorific value, or heoMng 
value of the fuel. The heat of combustion of the several substances found 
in the more common fuels is given in Table 7. 

The calorific value of a fuel may be determined either by direct measure- 
ment of the heat evolved during combustion in a calorimeter, or it may be 
computed from the ultimate analysis and the heat of combustion of the 
several chemical dements in the fud. When the heating vdue of a fud 






334 


CHAPTER 16 


1946 Guide 


is determined in a caloiimeter the water vapor is condensed and the latent 
heat of vaporization is included in the heating value of the fuel. The heat- 
ing value so determined is termed the gross or higher heating value and 
this is what is ordinarily meant when the heating value of a fuel is specified. 
In burning the fuel, however, the products of combustion are not cooled to 
the dew-point and the higher heating value cannot be utilized. 

When combustion is complete, the carbon in the fuel unites with oxygen 
to form carbon dioxide, CO 2 , the hydrogen unites with oxygen to form 
water vapor, JT 2 O, and the nitrogen, being inert, passes through the re- 
action without change. When combustion is incomplete, some of the 
carbon may unite with oxygen to form carbon monoxide, CO, and some 
of the hydrogen and hydrocarbon gases may not be burned at all. When 
carbon monoxide or other combustible gases are present in the flue gases, 
considerably less heat is produced per unit of fuel consumed, and a lower 
combustion eflSciency is obtained. Incomplete combustion may result 
from any or all of the following three conditions : 

1. Inadequate air supply. 

2. Insufficient mixing of air and gases. 

3. A temperature too low to produce ignition or maintain combustion. 

AIR REQUIRED FOR COMBUSTION 

The weight of air required for perfect combustion of a pound of fuel 
may be determined by use of the ultimate analysis of the fuel as applied to 
Equations 1 and 2. The various elements are expressed in percentages 
by weight. 


Solid and Liquid Fuels: 

Pounds air required per pound fuel 




( 1 ) 


Gaseous Fuels: 

Pounds air required per pound fuel ■» 2.46 CO -f 34.66 Hi + 17.28 CHi -f 
13.29 CiHt + 14.81 + 16.13 CiHi + 6.10 HiS - 4.32 0* 

When the analysis is given on a volumetric basis the equation is ex- 
pressed as follows: 

Cubic feet air required per cubic foot gas » 2.39 (CO + Hi) -f 9.66 Ci/4 + 

11.98 CiHi -f 14.35 Ci^4 + 16.74 CiHi - 4.78 Oi 

Equations 4 and 5 may be used as approximate methods of determining 
the theoretical air requirement for any fuel. 

_ , . . , Heating value (Btu per pound) 

Pounds air required per pound fuel » 0.755 X (4) 


Cubic feet air required per unit fuel 


Heating value (Btu per unit) 

ioo 


(5) 


Approximate values for the theoretical air required for different fuels are 
given in Table 8. 

It is customary to make use of the analysis of the products of combus- 
tion to determine the amount of flue gas produced and the actual amount 
of air supplied for combustion. The an^ysis of flue gases has been well 
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Tabus 8. Apfboximatb Thbobbtical Aib Rbquibbmentb 


SoUdFuSL 

PomiDE Am Fee Pouiid Fuel 

AnthrarJl-i» a 

9.6 

Spmi-hifiiminoiia coal . 

" 11.2 

nifiiminmis roal. . 

10.3 


6.2 

Cnh-l 

11.2 


FublOil 

PovEDB Am Peb Qaij/>e Fuel 

Commercial Standard No. 1 

102.6 

Commercial Standard Np. 2 , 

104.5 

Commercial Standard No. 3 ....... ............ 

106.5 

Commercial Standard No. _ _ 

112.0 

Commercial Standard No. fi _ 

114.2 


Gasboub Fuels 

Cubic fm Am Pee Cubic Foot Oeb 

Natural paa _ _ 

10.0 

Mixed, natural and water gas ............... ................ 

4.4 

Carbureted water gaa 

4.4 

Water gaa, colre _ _ 

2.1 

Coke oven ga.a . __ _ 

5.2 



described in various publications of the U. S. Bureau of Mines and in the 
literature and the details of Orsat manipulation need not be considered in 
this discussion. (See Chapter 11.) 

The weight of dry flue gas per pound of fuel burned is used in combustion 
loss calculations and may be determined by Equation 6. 

Pounds dry flue gas per pound fuel = — X C (6) 

3 \COi H" CO) 

Values for CO 2 , O 2 , CO, and N 2 are percentages by volume from the flue 
gas analysis and C is the weight of carbon burned per pound of fuel cor- 
rected for carbon in the ash. 


EXCESS AIR 

Since one measure of the effic ency of combustion is the relation existing 
between the amount of air theoretically required for perfect combustion 
and the amount of air actually supplied, a method of determining the 
latter factor is of value. Equation 7 will give reasonably accurate results, 
for most solid and liquid fuels, for determining the amount of air supplied 
per pound of fuel. 

Pounds dry air supplied per pound of fuel — X C (7) 

\COt 4 " CO) 

Values for COt, CO, and N are percentages by volume from the flue gas 
analysis and C is the weight of carbon burned per pound of fuel corrected 
for carbon in the ash. 

The difference betw^n the air actually supplied for combustion and 
the theoretical air required is known as excess air. 

Air supplied — Theoretical air 


Per cent excess air 


Theoretical air 


X 100 


( 8 ) 
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Since the calculation is usually made from Orsat analysis, Equation 9 
will be found to be a convenient statement of this relation^ip. 

Per cent excess sir 

N, X 0.264 - , - 

In this formula the symbols represent volumetric percentages of the 
flue gas constituents as determined by analysis. 

Due to the different carbon-hydrogen ratios of the different fuels the 
maximum COt attainable varies. Representative values for complete 
combustion of several fuels are given in Table 9. 

To produce heat efficiently with any of the common fuels the following 
requirements must be observed : 

1. Adequate heat absorbing surface is necessary. 

2. The heat transfer surfaces must be clean. 

3. A minimum of excess air should be used. 

4. The combustion air and the combustible gases produced by the fuel must be well 
mixed. 

5. The quantity of combustible gases escaping to the stack must be kept small. 

If insufficient heating surface is provided in a heating appliance, or if 
the heat transfer surfaces are covered with soot, ash or scale, the flue gas 
temperature will be excessive and the amount of sensible heat passing up 
the stack will be unnecessarily large. Too much excess air dilutes the 
flue gases excessively and increases the sensible flue gas loss, while a defi- 
ciency of air will cause some combustible gases to pass out of the appliance 
imburned. The highest combustion efficiency is not always obtained by 
supplying enough excess air to reduce the incomplete combustion loss to 
aero, but the incomplete combustion loss should be kept small. If the 
secondary air is not well mixed with the combustible gases, some incom- 
plete combustion may still occur. Unnecessary secondary air also dilutes 
the flue gases and increases the sensible heat escaping up the ch imn ey 
Some excess air is always required in the practical operation of heating 
plants. It is considered good practice, under usual operating conditions, 
to supply from 25 to 50 per cent excess air, depending upon the fuel used. 

HEAT BALANCE 

In analyzing the performance of a heating appliance, it is frequently 
desirable to make an accounting, insofar as possible, of the disposition 

Table 9. Repbesentative Maximum COt Value 



Fuel 

Theoretical 

COi 

COt Usually Attained 
In Practice 

Coke.................... ........ ...... 

21.00 

12-14 

Anthracite........ ..... ... 

20.20 

12-14 

Bit^qmlnoua Coal. „ 

18.20 

18 

No. 2 Fuel Oil ..... ... 

15.00 

10.5 

No. 6 Fuel Oil ..... .... ........... 

16.50 

13.5 

Natural Gaa , 

12.00 

9.7 

Coke Oven Gas. „ 

11.00 

8.5 
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of all the heat units in the fuel used. Such an accounting is sometimes 
called a he<U balance. The several components of the heat balance may 
either be expressed in terms of Btu per pound of fuel used or as a per- 
centage of the calorific value of the fuel. The components of the heat 
balance are listed in items 1 to 7. * 

1. Useful heat transferred to heating medium and usually evaluated by determin- 
ing the rate of flow of the heating fluid through the heating device and the change in 
enthalpy of the fluid (heat added) between the inlet and outlet. 

2. Heat loss in the dry chimney gases. 

hi WgCp (tg — ta) (10) 

3. Heat loss in water vapor formed by the combustion of hydrogen. 

^ — (1091.8 -h 0.455 «g - O (11) 

4. Heat loss in water vapor in the air supplied for combustion. 

ht - 0.455 M (fg - t.) 

5. Heat loss from incomplete combustion. 

- ‘"“KcSTw) 

6. Heat loss from unburned carbon in the ash or refuse. 

7. Radiation and all other unaccounted for losses. 

Since the radiation and convection losses from a heating appliance are not usually 
determined by direct measurement, they, together with any other losses not meas- 
ured, are determined by subtracting the total of items 1 to 6 inclusive from the heat of 
combustion of the fuel. Frequently, when there is CO in the flue gases there also will 
be small amounts of unburned hydrogen and hydrocarbon gases in the products of 
combustion. The loss represented by these unburned gases may easily be as large as 
that resulting from the presence of carbon monoxide. In this event item 7 of the heat 
balance would also include this unmeasured loss. 

S 3 rmbols used in Equations 10 to 14 inclusive are : 

heat loss in the dry chimney gases, Btu per pound of fuel. 
h% « heat loss in water vapor from combustion of hydrogen, Btu per pound of 
fuel. 

hi "> heat loss in water vapor in combustion air, Btu per pound of fuel. 

^4 * heat loss from incomplete combustion of carbon, Btu per pound of fuel. 
hi a heat loss from unburned carbon in the ash, Btu per pound of fuel. 

U7g « weight of dry flue gas per pound of fuel (from Equation 6), pounds. 

Cp » mean specific heat of flue gases at constant pressure (cp ranges from 0.242 
to 0.254 for flue gas temperatures from 300 F to 1000 F)>, Btu per pound. 
<g ■■ temperature of flue gases at exit of heating device, Fahrenheit degrees. 
ip "• temperature of combustion air, Fahrenheit degrees. 

Ht >■ percentage of hydrogen in fuel by weight from ultimate analysis of fuel 
as fired. 


( 12 ) 

(13) 

(14) 
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1091.8 ■■ enthalpy of saturated water vapor at a temperature of 70 F, Btu per 
pound. 

M ■■ humidity ratio of combustion air, pounds of water vapor per pound of 
dry air. 

10a weight of combustion air per pound of fuel used, pounds, from Equations 
1, 2, 8, and 9. 

C « weight of carbon burned per pound of fuel corrected for carbon in ash, 
pounds. 


WC^ - TFaCa 
100 IF 


(15) 


where 


Cu « percentage of carbon in the fuel by weight from the ultimate analysis. 

CO, COi B percentages of CO, COt in flue gases by volume. 

Wm ■■ weight of ash and refuse, pounds. 

Ca — per cent of combustible in ash by weight (combustible in ash is usually 
considered to be carbon). 

W » weight of fuel used, pounds. 

The flue gas losses listed as items 2, 3, and 4 of the heat balance may be 
determined with considerable accuracy from the curves shown in Fig. P 
in many cases. The values of the losses plotted for fuel oil were computed 
from the ultimate analysis of a t3npical fuel oil used in domestic burners, 
while those plotted for the several ranks of coal were computed from the 
typical ultimate analyses shown in Table 1. The curves for medium 
volatile bituminous coal may be used for high volatile bituminous coal 
with negligible error. No curves are shown for gaseous fuel because 
various natural gases and manufactured gases vary considerably in their 
composition. 

FIRING METHODS FOR ANTHRACITE 

An anthracite fire should never be poked or disturbed, as this serves to 
bring ash to the surface of the fuel bed where it may melt into clinker. 

Egg size is suitable for large fire-pots (grates 24 in. and over) if the fuel 
can be fired at least 16 in. deep. For best results this coal should be fired 
deeply. 

Stove size coal is the proper size of anthracite for many boilers and fur- 
naces used for heating buildings. It burns well on grates at least 16 in. 
in diameter and 12 in. deep. The fuel should be fired deeply and uniformly. 

Chestnut size coal is in demand for fire-pots up to 20 in. in diameter, 
with a depth of from 10 to 16 in. 

Pea size coal is often an economical fuel to burn. When fired carefully 
pea coal can be burned on standard grates. Care should be taken to 
shake the grates only until the first bright coals begin to fall through the 
grates. The fuel bed, after a new fire has been built, should be increased 
in thickness by the addition of small charges until it is at least level with 
the sill of the fire-door. A satisfactory method of firing pea coal consists 
of drawing the red coals toward the front end and piling fresh fuel toward 
the back of the fire-box. 

Pea size coal requires a strong draft and therefore the best results 
generally will be obtained by keeping the choke damper open and regu- 
lating solely by means of the cold air check and the air inlet damper. 
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Buckwheat eiee coal for best results requires more attention than pea 
sise coal, and in addition the smaller size of the fuel makes it more difficult 
to biun on ordinary grates. Greater care must be taken in shaking the 
grates than with the pea coal on account of the dmiger of the fuel f^ing 
through the grate. In house heating furnaces the coal should be fired 
lightly and more frequently than pea coal. When banking a buckwheat 
c^ fire it is advisable after coaling to expose a small spot of hot fire by 
putting a straight poker down throu^ the bed of fresh coal. This will 
serve to ignite &e ^ that will be distilled from the fresh coal and prevent 
delayed ignition within the fire pot, which in some cases, depending upon 
the thickness of the bed of fresh coal, is severe enough to blow open the 
doors and dampers of the furnace. Where frequent attention can be given 
and care exercised in manipulation of the grates this fuel can be burned 
satisfactorily witliout the aid of any special equipment. 

In g^ral it will be found more satisfactory with buckwheat coal to 
maintein a uniform heat output and consequently to keep the system 
warm all the time, rather than to allow the system to cool off at times and 
then to attempt to bum the fuel at a high rate while warming up. A uni- 
form low fire will minimize the clinker formation and keep the clinker in 
an ea^y broken up condition so that it readily can be shaken through the 
grate. Forced draft and small mesh grates are frequently used for burn- 
ing buckwheat anthracite. For greater convenience, domestic stokers 
are used. 

Buckwheat anthracite No. 2, or rice size, is used principally in stokers 
of the domestic, commercial and industrial type. No. 3 buckwheat 
anthracite, or barley, has no application in domestic heating. 

FmmG METHODS FOR BITUMINOUS COAL 

A commonly recommended procedure for firing domestic heating units, 
called the side-bank method, requires the movement of live coals to one 
side or the back of the grate, and placing the fresh fuel charge on the 
opposite side. The results are a more uniform release of volatile gases, 
and the subjection of these gases to the high temperature of the red coals. 
If the fresh charge is covert with a layer of fine coal, still better results 
may be obtained because of slower release of volatile matter. 

Bituminous coal should never be fired over the entire fuel bed at one 
time. A portion of the glowing fuel should always be left exposed to 
ignite the gases leaving the fresh charge. 

The importance of firing bituminous coal in small quantities at short 
intervals is discussed in a U. S. Bureau of Mines technical paper^. Better 
combustion is obtained by this method in that the fuel supply is main- 
tained more nearly proportional to the air supply. 

If the coal is of the caking kind the fresh charge will fuse into one solid 
mass vffiich can be broken up with the stoking bar and leveled from 20 
min to one hour after firing, depending on tiie temperature of the fire-box. 
Care should be exercised when stokmg not to bring the bar up to the 
surface of the fuel as this will tend to bring ash into the high temperature 
zone at the tcq) of the fire, where it vnU mdt and form clinker. The 
stoking bar should be kept as near the grate as possible and should be 
raised only enough to break up the fuel. With fuels requiring stoking it 
ma:^ not be necessary to shake the grates, as the ash is usually dislodged 
during stoking. 

It is acknowlet^ed that it may be difficult to apply the outlined 
methods to domestic heating boilers of small size, eqiecially when frequent 
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attendance is impracticable. The adherence to these methods insofar as 
practicable, however, will result in better combustion. 

The output obtained from any heater with bituminous coal will usually 
exceed that obtained with anthracite* since bituminous coal bums more 
rapidly than anthracite and with less draft. Bituminous coal, however, 
will usually require frequent attention to the fuel bed. 

Preventing Smoke 

In general, time, temperature and turbulence are the essential require- 
ments for smokeless combustion. Anything that can be done to increase 
any one of these factors will reduce the quantity of smoke discharged. 
Especial care must be taken in hand-firing bituminous coals. 

Checker or alternate firing, in which the fuel is fired alternately on 
separate parts of the grate, maintains a higher furnace temperature and 
thereby decreases the amount of smoke. 

Coking and firing, in which the fuel is first fired close to the firing door 
and the coke pushed back into the furnace just before firing again, pro- 
duces the same effect. The volatiles as they are distilled thus have to 
pass over the hot fuel bed where they will be burned if they are mixed with 
sufficient air and are not cooled too quicldy by the heat-absorbing surfaces 
of the boiler. 

Steam or compressed air jets, admitted over the fire, create turbulence 
in the furnace and bring the volatiles of the fuel more quickly into contact 
with the air required for combustion. These jets are especially helpful 
for the first few minutes after each firing. Frequent firings of small 
charges shorten the smoking period and reduce the density. Thinner 
fuel beds on the grate increase the effective combustion space in the fur- 
nace, supply more air for combustion, and are sometimes effective in reduc- 
ing the smoke emitted, but care shoukl be taken that holes arc not formed 
in the fire. A lower volatile coal or a higher A.F.L gravity oil always 
produces less smoke than a high volatile coal or low A,P.L gravity oil 
used in the same furnace and fired in the same manner. 

The installation of more modern or better designed fuel-burning equip- 
ment, or a change in the construction of the furnace, will often reduce 
smoke. The installation of a Dutch oven which will increase the furnace 
volume and raise the furnace temperature often produces satisfactory 
results. 

In the case of new installations, the problem of smoke abatement can 
be solved by the selection of the proper fuel-burning equipment and 
furnace design for the particular fuel to be burned and by the proper 
operation of that equipment. Constant vigilance is necessary to m^e 
certain that the equipment is properly operated. In old installations the 
solution of the problem presents many difficulties, and a considerable 
investment in special apparatus is often necessary. 

Lower rates of combustion per square foot of grate area will reduce the 
quantity of solid matter discharged from the chimney with the gases of 
combustion. The burning of coke, coking coal, and sized coal from which 
the extremely fine coal has been removed will not as a general rule produce 
as much dust and cinders as will result from the burning of non-coking 
coals and slack coals when they are burned on a grate. 

Modem boiler installations are usually designed for high capacity per 
square foot of ground area because such designs give the lowest cost of 
construction per unit of capacity. Designs of this type discharge a large 
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quantity of dust and cinders with the gases of combustion, and if pol- 
lution of the atmosphere is to be prevented, some type of catcher must 
be installed. 

FIRING METHODS FOR SEMI-BITUMINOUS COAL 

The Pocahontas Operators^ Association recommends the central cone 
method of firing, in which the coal is heaped on to the center of the bed 
forming a cone, the top of which should be level with the middle of the 
firing door. This allows the larger lumps to fall to the sides, and the fines 
to remain in the center and be coked. The poking should be limited to 
breaking down the coke without stirring, and to gently rocking the grates. 
It is recommended that the slides in the firing door be kept closed, as the 
thinner fuel bed around the sides allows enough air to get through. 

FIRING METHODS FOR COKE 

Coke ignites less readily than bitxuninous coal and more readily than 
anthracite and bums rapidly with little draft. In order to control the air 



Fig. 2. Combustion op Fuel in a Hand-Fibbd Furnack 


admitted to the fuel it is very important that all openings or leaks into 
the ashpit be closed tightly. A coke fire responds rapidly to the opening 
of the dampers. This is an advantage in unarming up the system, but it 
also makes it necessary to watch the dampers more closely in order to 
prevent the fire from burning too rapidly. In order to obtain the same 
interval of attention as with other fuels a deep fuel bed always should be 
maintained when burning coke. The grates should be shaken only 
slightly in mild weather and should be shaken only until the first red 
particles drop from the grates in cold weather. The best size of coke for 
general use, for small fire-pots where the fuel depth is not over 20 in., is 
that which passes over a 1 in. screen and through a 1| in. screen. For 
large fire-pots where the fuel can be fired over 20 in. deep, coke which 
passes over a 1 in. screen and through a 3 in. screen can be used, but a 
coke of uniform size is always more satisfactory. Large sizes of coke 
should be either mixed with fine sizes or broken up before using. 

SECONDARY AIR 

When bituminous coal is hand-fired in a furnace the volatile matter in 
the fuel distills off leaving coke on the grate. The product of combustion 
of the coke is €0% and under certain conditions some CO may arise from 
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the bed. The combustion of the volatile matter and tlie ^6 may amount 
to the liberation of from 40 to 60 per cent of the heat in the fuel in the 
combustion space over the fuel bed. 

The air that passes through the fu^l bed is called primary air and the 
air that is admitted over the fuel bed in order to bum the volatile matter 
and CO is called secondary air. 

This process of combustion is illustrated in Fig. 2^. The free oxygen of 
the air passes through the grate and the ash above it and bums the carbon 
in the lower 3 or 4 in. of the fuel bed forming carbon dioxide. This 
layer noted as the oxidizing zone is indicated by the symbols CO 2 and O 2 . 
Some of the carbon dioxide of the oxidizing zone is reduced to carbon 
monoxide in the upper layer of the fuel bed noted as the reducing zone 
and indicated by the symbols CO 2 and CO. The gases leaving the fuel 
bed are mainly carbon monoxide, carbon dioxide, nitrogen, and a small 
amount of free oxygen. Free oxygen is admitted through the firing door 
in an attempt to burn carbon monoxide and the volatile combustible 
distilled from the freshly fired fuel. 

The division of the total into primary and secondary air necessary to 
produce the same rate of burning and the same excess air depends on a 
number of factors which include size and type of fuel, depth of fuel bed, 
and size of fire-pot. 

Size of the fuel is a very important factor in fixing the quantity of second- 
ary air required for non-caking coals. With caking coals it is not so 
important because small pieces fuse together and form large lumps. 
Fortunately a smaller size fuel gives more resistance to air flow through 
the fuel bed and thus automatically causes a larger draft above the fuel 
bed, which draws in more secondary air through the same slot openings, 
but, nevertheless, the smallest size of fuel will require the largest second- 
ary air openings. For certain sizes of fuel no secondary air openings are 
required, and for large sizes, too much excess air may pass through the 
fuel bed. 

In general, the efficiency of domestic hand-fired furnaces and boilers 
burning either anthracite or bituminous coal can be increased for an 
hour or two after firing, if some secondary air is admitted through the 
slots of the fire door. However, unless the slots are closed w^hen secondary 
air is no longer beneficial, the decrease in efficiency during the remainder 
of the firing cycle because of excess air may more than offset the gain 
resulting from the secondary air at the beginning of the firing period. 
Unless the secondary air can be readjusted between firings, it is probable 
that a greater average efficiency will be obtained for domestic hand-fired 
devices by leaving the secondary air slots closed at all times. There is 
usually an appreciable amount of air leakage around the firing door and 
secondary air slots of domestic furnaces and boilers. 

When attention is given between firings the efficiency of combustion 
can be appreciably raised by admitting secondary air over a bituminous 
coal fire to burn the gases and reduce the smoke. The smoke produced 
is a good indicator, and that opening is best which reduces the smoke to a 
minimum. Too much secondary air will cool the gases below the ignition 
point, and prove harmful instead of beneficial. 

Secondary air that enters the combustion chamber too far removed 
from the zone of combustion will also be harmful, for the oxygen in the 
secondary air will not react with any unburned gases unless the mixture 
is subjected to high temperatures. 
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The air requirements of oil and gas burners are discussed in Chapter 17, 
Automatic Fuel Burning Equipment. 

DRAFT REQUIREMENTS 

The draft required to effect a given rate of burning the fuel is dependent 
on the following factors : 

1. Kind and size of fuel. 

2. Grate area. 

3. Thickness of fuel bed. 

4. Type and amount of ash and clinker accumulation. 

5. Amount of excess air present in the gases. 

6. Resistance offered by the boiler passes to the flow of the gases. 

7. Accumulation of soot in the passes. 

Insufficient draft will necessitate additional manipulation of the fuel 
bed and more frequent cleanings to keep its resistance down. Insufficient 



Fio. 3. Correct and Incorrect Methods op Drafi’ 

Regulation in a Hand-Fired Furnace 

draft also restricts the control that can be accomplished by adjustment 
of the dampers. 

The quantity of excess air present has a marked effect on the draft 
required to produce a given rate of burning. If the excess is caused by 
holes in the fuel bed, or an extremely thin fuel bed, it is often possible to 
produce a higher rate of burning by increasing the thickness of the bed. 
The thickness of the fuel bed should not, however, be increased too much 
because the increased draft resistance will reduce the rate of primary air 
supply and the rate of burning. 

For amount of draft required see Chapter 19, Chimneys and Draft 
Calculations. 


DRAFT REGULATION 

^cause of the varying heating load demands present in most instal- 
lations it is necessary to vary the rate of fuel burning. The maintenance 
of the proper air supply for the various rates of burning is accomplished 
by regulation of the drafts. Correct and incorrect methods of draft regu- 
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lation are shown in Fig. 3. The air enters through the ashpit draft door, 
firing door, and by leaks in the setting, whereas the gases leave only 
through the outlet. By throttling the gases with the damper in the out- 
let all the air entering by each of the^three intakes is reduced in the same 
proportion, thus maintaining about the same per cent of ^cess air. If 
inlet air is controlled by the ^pit draft door, the air admitted through the 
ashpit is reduced, while it is increased through the other two intake 
openings, resulting in an increase of excess air. A considerable increase 
in the efficiency of hand-fired furnaces and boilers can be realized by 
regulating the air supply with the damper in the outlet instead of the ash- 
pit damper. Use of the ashpit damper is required, of course, for low rates 
of combustion. The cold air check damper is to be used only when 
chimney draft is excessive. It is normally closed unless closing of the 
outlet damper and ashpit damper is unable to control the rate of 
combustion. 

Methods of control of draft conditions when burning oil or gas are 
noted in Chapter 17, Automatic Fuel Burning Equipment. 

FURNACE VOLUME 

The principal requirements for a hand-fired furnace are that it shall have 
enough grate area and correctly proportioned combustion space. The 
amount of grate area required is dependent upon the desir^ combus- 
tion rate. 

The furnace volume is influenced by the kind of coal used. Bituminous 
coals, on account of their long-flaming characteristic, require more space 
in which to bum the gases of combustion completely than do the coals 
low in volatile matter. For burning high volatile coals provision should 
be made for mixing the combustible gases thoroughly, so that combustion 
is complete before the gases come in contact with the relatively cool 
heating surfaces. An abrupt change in the direction of flow tends to mix 
the gases of combustion more thoroughly. Anthracite requires com- 
paratively little combustion space. 

COMBUSTION OF GAS 

The majority of gas burners utilized in central domestic heating plants 
are of the Bunsen type and operate with a non-luminous flame. In this 
type of burner part of the air required for combustion is mixed with the 
gas as primary air, the air and gas mixture being fed to the burner ports. 
Additional secondary air is introduced around the flame by draft inspira- 
tion. In the luminous flame burner, which is sometimes used, all of the 
air for combustion is brought in contact \\ith the flame as secondary air. 
This secondary air should be brought into intimate contact wuth the gas. 

Some makes of burners use radiants or refractories to convert some of 
the energy in the gas to radiant heat. The radiants also serve as baffles 
in directing the flow of the products of combustion. 

The quantity of air given in Table 6 is that required for theoretical 
combustion, but with a properly designed and installed burner the excess 
air can be kept low. In order to insure freedom from carbon monoxide 
under conditions which may obtain in installations, it is customary to 
design gas burning appliances for a supply of 30 to 35 per cent of excess 
air. In individual installations in which flue gas analyses are made, the 
excess air is sometimes reduced to approximately M per cent. The 
division of the air into primary and secondary, is a matter of burner 
design, the pressure of gas available, and the type of flame desired. 
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.The air gas ratio has a decided effect upon flame propagation. It is 
necessary that the gas will flow out of the burner ports fast enough so that 
the flame cannot travel back into the burner head, i.e. jUish backj but the 
velocity must not be so high that it blows the flame away from the port. 

The maximum and minimum flow speeds from burner ports which may 
be permitted are known to be very close together when air-gas mixtures 
in theoretical proportions are being supplied to the burner. As the air-gas 
ratio is lowered, and the mixture becomes more gas rich, the limiting 
speeds become farther apart, until with 100 per cent gas, in an all-yellow 
flame, flash back cannot occur and a much higher velocity is needed to 
blow off the flames. 


SOOT 

The deposit of soot on the flue surfaces of a boiler or heater acts as an 
insulating layer over the surface and reduces the heat transmission to the 
water or air. The Bureau of Mines Report of InvestigaMons No. 3272® 


Table 10. Average Flue Gas Dew-Point for Various Fuels* 


Type of Fuel 

Average Dew-Point 
Temperature, F 

Anthracite.-^................................................................................... 

68 

Semi* Bituminous Coal 

84 

Bituminous Coal........................................................... ............. 

93 

on 

111 

Gas 

127 

Manufacturi»H Gas. 

137 



shows that the loss of seasonal efficiency is not so great as has been be- 
lieved, and usually is not over 6 per cent because the greater part of the 
heat is transmitted through the combustion chamber surfaces. The 
Bureau of Standards Report BMS 54® points out that, although the de- 
crease in efficiency of an oil fired boiler due to soot deposits is relatively 
small, the attendant increase in stack temperature may be considerable. 

The soot accumulation clogs the flues, reduces the draft, and may pre- 
vent proper combustion. Soot can probably be most effectively removed 
by a jet of compressed air or by means of a brush. However, it has been 
found that copper chloride, lead chloride, tin chloride, zinc chloride, com- 
mon salt and some other salts are partially effective in removing soot 
from furnaces and boilers when properly used.^ 

CONDENSATION AND CORROSION 

Sulfur dioxide or sulfur trioxide formed by the combustion of sulfur in 
fuels is the principal corroding element in flue gases, and becomes active 
whenever moisture is present for the formation of sulfurous or sulfuric 
acid. It is necessary, therefore, to maintain a flue gas temperature in 
excess of the dew-point temperature of the flue gases in all parts of 
appliances unless they are made of materials that will resist these cor- 
rosive influences. It is usually desirable to maintain a flue gas tempera- 
ture above the dew-point temperature throughout the heating appliance 
and the chimney or smokestack because of these same corrosive effects. 
The average dew-point temperatures of the flue gases from the several 
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fuels, when burned with the amount of excess air usually supplied to 
insure complete combustion, are shown in Table 10. 

LETTER SYMBOLS USED 

* 

hi B heat loss in the dry chimney gases, Btu per pound of fuel. 

ht B heat loss in water vapor from combustion of hydrogen, Btu per pound of 
fuel. 

ht B heat loss in water vapor in combustion air, Btu per pound of fuel. 

hi B heat loss from incomplete combustion of carbon, Btu per pound of fuel. 

^6 » heat loss from unburned carbon in the ash, Btu per pound of fuel. 

Wg B weight of dry flue gas per pound of fuel (from Equation 6), pounds. 

Cp B mean specific heat of flue gases at constant pressure. 

tg B temperature of flue gases at exit of heating device, Fahrenheit degrees. 

U » temperature of combustion idr, Fahrenheit degrees. 

Ht B percentage of hydrogen in the fuel by weight from ultimate analysis of fuel 
as fired. 

M B humidity ratio of combustion air, pounds of water vapor per pound of dry 
air. 

B weight of combustion air per pound of fuel used, pounds. 

C B weight of carbon burned per pound of fuel corrected for carbon in ash, 
pounds. 

Cu B percentage of carbon in the fuel by weight from the ultimate analysis. 

CO, COi B percentages of CO, COs in the flue gases by volume. 

Wm B weight of ash and refuse, pounds. 

Cr b per cent of combustibles in ash and refuse by weight. 

W B weight of fuel used, pounds. 
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AUTOMATIC FUEL BURNING EQUIPMENT 


Classification of Stokers, Combustion Process and Adjustments, Furnace Design, 
Rating; Classification of Oil Burners, Combustion Process, Combustion Chamber 
Design; Classification of Gas-Fired Heating Equipment, Combustion 
Process, Ratings; Sizing of Gas Piping, Fuel Burning Rates 


AUTOMATIC mechanical equipment for the combustion of solid, 
XA. liquid, and gaseous fuels is considered in this chapter. 

MECHANICAL STOKERS 

A mechanical stoker is a device that feeds a solid fuel into a combustion 
chamber, provides a supply of air for burning the fuel under automatic 
control and, in some cases, incorporates a means of removing the ash and 
refuse of combustion automatically. Coal can be burned more efficiently 
by a mechanical stoker than by hand firing because the stoker provides a 
uniform rate of fuel feed, better distribution in the fuel bed and positive 
control of the air supplied for combustion. 

CLASSIFICATION OF STOKERS ACCORDING TO CAPACITY 

Stokers may be classified according to their coal feeding rates. The 
following classification has been made by the U. S. Department of Com- 
merce, in cooperation with the Stoker Manufacturers Association. 

Class 1. Capacity under 61 lb of coal per hour. 

Class 2. Capacity 61 to 100 lb of coal per hour. 

Clcus 3. Capacity 101 to 300 lb of coal per hour. 

Class 4. Capacity 300 to 1200 lb of coal per hour. 

Class 5. Capacity 1200 lb of coal per hour and over. 

Class 1 Stokers 

These stokers are used primarily for home heating and are designed for 
quiet, automatic operation. Simple, trouble-free construction and at- 
tractive appearance are desirable characteristics of these small units. 

A common stoker in this class (Fig. 1) consists essentially of a coal hopper, 
a screw for conveying the coal from the hopper to the retort, a fan which 
supplies the air for combustion, a transmission for driving the coal feed 
worm, and an electric motor for supplying power for coal feed and air 
supply. 

Air for combustion is admitted to the fuel through tuyeres at the top 
of the retort which may be either round or rectan^ar. Stokers in this 
class are made for burning anthracite, bituminous, semi-bituminous, and 
lignite coals, and coke, ^e U. S. Department of Commerce has issued 
commercial standards for household anthracite stokers'. 

Units are available in either the hopper t3q>e, as shown in Fig. 1, or in 
the bin-feed type as shown in Figs. 2 and 3. Some stokers, particularly 
those designed for use with anthracite, automatically remove ash from 
the ash pit and deposit it in an ash receptacle as shown in Fig. 3. Most 
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of the bituminous models, however, require removal of the ash from the 
fuel bed after it is fused into a clinker. 

Stokers in this class feed coal to the furnace intermittently in accordance 
with temperature or pressure demands. A special control is used to insure 
sifficient stoker operation to maintain a fire during periods when no heat is 
required. Where year-roimd domestic hot water is supplied by a boiler and 
in^rect water heater connected to a storage tank, the stoker will usually be 
called on to operate ohen enough to maintain the fire. 

Stoker-Fired Boiler and Furnace Units 

Boilers, air conditioners, and space heaters especially designed for 
stokers are available having design features closely coordinating the heat 
absorber and the stoker. Although efficient and satisfactory performance 
can be obtained from the application of stokers to existing boilers and 



Fio. 1. Underfeed Stoker, Hopper Type, Ci.abs 1 



Fio. 2. Underfeed Stoker, Bin Feed Ttpe, Class 1 


furnaces, some of the combination stoker-fired units (Fig. 4) are more 
compact and attractive in appearance. 

Class 2 and 3 Stokers 

Stokers in this class are usually of the screw feed type without auxiliary 
plungers or other means of distributing the coal. They are used exten- 
sively for heating plants in apartments and hotels, also, for industrial 
plants. They are of the underfeed type and are available in both the hop- 
per type, as illustrated in Fig. 5, and the bin feed type, shown in Fig. 6. 
These units also are built in plunger feed type with an electric motor or 
a steam or hydraulic cylinder coal feed drive. 

Stokers in this class are available for burning all types of anthracite, 
bituminous and lignite coals. The tuyere and retort design varies accord- 
ii^ to the fuel and load conditions Stationary type grates are used on 
bituminous models and the clinkers formed from the ash accumulate on 
the grates surrounding the retort. 

Anthracite stokers in this class are equipped with moving grates which 
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discharge the ash into a pit below the grate. This ash pit may be located 
on one or both sides of the grate and on some installations is of sufficient 
capacity to hold the ash for several weeks’ operation. 

Class 4 Stokers 

Stokers in this group vary widely in details of design and several methods 
of feeding coal are employed. The underfeed stoker is widely used, al- 
though a number of the overfeed types are used in the larger sizes. Bin- 
feed, as well as hopper models, are available in both underfeed and overfeed 
types. 

Class 5 Stokers 

The prevalent stokers in this field are: (1) underfeed side cleaning, 
(2) underfeed rear cleaning, (3) overfeed fiat grate, and (4) overfeed inclined 
grate. 

Underfeed side cleaning stokers are made in sizes up to approximately 
500 boiler horsepower. They are not so varied in design as those in the 
smaller classes, although the principle of operation is similar. A stoker 
of this type is illustrated in Fig. 7. 

The rear cleaning underfeed stoker is usually of the multiple retort 
design and is used in some of the largest industrial plants and central 
power stations. Zoned air control has been applied to these stokers, both 
longitudinally and transversely of the grate surface. 

The overfeed flat grate stoker is represented by the various chain — or 
traveling-grate stokers. A typical traveling-grate stoker is illustrated 
in Fig. 8. 

Another distinct type of overfeed flat-grate stoker is the spreader (Figs. 9 
and 10) type in which coal is distributed either by rotating paddles or by 
air over the entire grate surface. This type of stoker is adapted to a wide 
range of fuels and has a wide application on small sized fuels, and on fuels 
such as lignites, high-ash coals, and coke breeze. 

The overfeed inclined-grate stoker operates on the same general com- 
bustion principle as the flat-grate stoker, the main difference being that 
rocking grates, set on an incline, are provided in the former to advance 
the fuel during combustion. 

Combustion Process 

In anthracite stokers of the Class 1 underfeed type, burning takes 
place entirely within the stoker retort. The refuse of combustion spills 
over the edge of the retort into an ash pit or receptacle from which it may 
be removed either manually or automatically. 

Larger underfeed anthracite stokers operate on the same principle, 
except that the retort is rectangular and the refuse spills over only one 
or two sides of the grate. Anthracite for stoker firing is usually the No. 1 
buckwheat or No. 2 buckwheat size. 

Because the majority of the smaller bituminous coal stokers operate on 
the underfeed principle, a general description of their operation is given. 
Wlien the coal is fed into the retort, it moves upward toward the zone of 
combustion and is heated by conduction and radiation from the burning 
fuel in the combustion zone. As the temperature of the coal rises, it 
gives off moisture and occluded gases, w^hich are largely non-combustible. 
When the temperature increases to around 700 or 800 F the coal particles 
become plastic, the degree of plasticity varying with the type of coal. 
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Pig. 5. Underfeed Screw Stoker, Hopper Type, Class 2, 3 or 4 


A rapid evolution of the combustible volatile matter occurs during and 
directly after the plastic stage. The distillation of volatile matter con- 
tinues above the plastic zone where the coal is coked. The strength and 
porosity of the coke formed will vary according to the size and character- 
istics of the coal. While some of the ash fuses into particles on the surface 
of the coke as it is released, most of it remains on the hearth or grates and, 
as this ash layer becomes thicker with time, that portion exposed to the 
higher tonperatures surrounding the retort fuses into a clinker. The 
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FlO. 8. OVBBFEBO TtlAVBUNO-GRA.TB STOKBR 


temperature in the fuel bed, the chemical composition and homogeneity 
of the ash, and the time of heating govern the degree of fusion. 

Most bituminous coal stokers of Classes 1, 2, 3 and 4 require manual 
removal of the adi in clinker form. 
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In the underfeed side-cleaning stokers the fuel is introduced at the front 
of the furnace to one or more retorts, and is advanced away from the 
retort as combustion progresses, while finally the ash is disposed of at the 
sides. This type of stoker is suitable for all bituminous coals wMe in the 
Bmftllftr sizes it is suitable for small sizes of anthracite. In this type of 
stoker the fuel is delivered to a retort beneath the fire and is raised into the 
fire. During this process the volatile gases are released, are mixed with air, 
and pass through the fire where they are burned. The ash may be con- 
tinuously or periodically discharged at the sides. 

The underfeed rear-cleaning stoker accomplishes combustion in much 
the fiftTna manner as the side-cleaning type, but consists of several retorts 
placed side by side and filling up the furnace width, while the adi disposal 
is at the rear. In principle, its operation is the same as the side cleaning 
underfeed type. 

Overfeed flat-grate stokers receive fuel at the front of the grate in a 



layer of uniform thickness and move it horizontally to the rear of the 
furnace. Air is supplied under the moving grate to carry on combustion 
at a sufficient rate to complete the burning of the coal near the rear of the 
furnace. The ash is carried over the back end of the stoker into an ash 
pit beneath. This type of stoker is suitable for small sizes of anthracite 
or coke breeze, and also for bituminous coals, the characteristics of which 
TTiftlfft it desirable to bum the fuel without disturbing it. This type of 
stoker requires an arch over the front of the fuel bed to maintain ignition of 
the incoming fuel and, frequently a rear combustion arch. 

In addition to the use of rocking grates, the overfeed inclined-grate 
stoker is provided with an ash plate on which ash is accumulated and 
dumped periodically. This type of stoker is suitable for all types of coking 
fuels but preferably for those of low volatile content. Its grate action keeps 
the fuel bed broken up thereby allowing free passage of air. Because of its 
agitating effect on the fuel it is not desirable for badly clinkering coals. It 
usually should be provided with a front arch to ignite the volatile gases. 

Combustion Adjustments 

The coal feeding rate and air supply to the stoker should be r^ulated so 
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as to maintain a balance between the load demand and the heat liberated by 
the fuel. Under such conditions no manual attention to the fuel bed should 
be required, other than the removal of clinker in stokers which operate on 
this principle of ash removal. * 

As in all combustion processes, the maintenance of £he correct proportions 
of air and fuel is essential. It is desirable to supply the minimum amount 
of air required to properly burn the fuel at the rate of feed. 

While there may be only slight variations in the rate at which the coal is 
being fed due to variations in the size or density of the coal, there may be 
wide variations in the rate of air flow as the result of changes in fuel bed re- 
sistance. These changes in resistance may be caused by changes in the 
porosity of the fuel bed due to variations in size or friability of the coal, ash 
and clinker accumulation, and variations in depth of the fuel bed. Because 
of this variable fuel bed resistance, many bituminous stokers, even in the 
smaller domestic sizes, incorporate air controls which automatically com- 



Fio. 10. Overfeed Spreader Stoker (Pneumatic Type) 


pensate for these changes in resistance and maintain a constant air fuel ratio. 
The efficiency of combustion may be determined by analyzing the flue gases 
as explained in Chapters 11 and 16. 

It is desirable on most stoker installations to provide automatic draft 
regulation in order to reduce air infiltration and provide better control 
during the banking, or off, periods of the stoker. 

Furnace Design 

Although there is considerable variation in stoker, boiler, and furnace 
design, the stoker industry, from long-time experience, has established 
certain rules for the proportioning of furnaces for domestic, and com- 
mercial stokers. The stoker installer and designer of stoker-fired equip- 
ment should give careful consideration to these factors. 

The Stoker Manufacturers Association has published standard recom- 
mendations on setting heights for stokers having capacities up to 1200 lb 
of coal per hour*. 

The empirical formulas for determining these setting heights are: 

For burning rates up to 100 lb coal per hour 


H - 0.1125 B + 15.75 


( 1 ) 
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For burning rates from 100 to 1200 lb coal per hour 

H - 0.03 B -f 24 ' 

where 

H ^ minimum setting height, inches, measured from dead plates to crown sheet 
for steel boilers. For cast-iron boilers height may he I H. 

B « burning rate coal per hour, pounds. 

Standards for minimum firebox dimensions and base heights have been 
formulated by the Stoker Manufacturers Association as shown in Fig. 11*. 

In considering these recommendations, it should be understood that 
they show the average recommended minimum. There are many factors 
affecting the proper application of stokers to various types of boilers and 
furnaces, and, in certain instances, setting height or firebox dimensions 
shown in the standards may be modified without impairing performance. 
Such modification rests with the experience of the installer, or designer. 



Fig. 11. Suggested Minimum Firebox Dimensions and Base Heights* 


* For reference in selecting or designing boilers and furnaces for stoker firing. Dimensions shown are for 
net inside clearance at mXje level using coal with heating value of not less than 12,000 Btu pw pound. Under 
certain conditions smaller fireboxes will permit satisfactory performance but these dimensions are preferred 
normal minimums. 


with a particular stoker, the type of fuel used, and the construction of the 
boiler or furnace. 

Installation of stokers (particularly smaller sizes) from the side of the 
boiler or furnace will sometimes facilitate clinker removal. 

Rating and Sizing Stokers 

The capacity or rating of small underfeed stokers is usually stated as 
the burning rate in pounds of coal per hour. Codes for establishing uni- 
form methods of rating anthracite and bituminous coal stokers have been 
adopted by the Stoker Manufacturers Association^. 

T^e Association also has adopted a uniform method of selecting stokers 
that is published in convenient tables and charts*. The required capacity 
of the stoker is calculated as follows: 

Load (Btu per hou^ _ re 

Heating value of coal (Btu per pound) X over-all efficiency of hour) 

stoker and boiler or furnace 

In determining the total load placed on a s^ker-fired boiler by a steam 
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or hot water heating i^stem, a piping and pick-up factor of 1.33 is com- 
monly used in sizing the stoker, but this factor should be increased at times 
due to unusual conditions. 

Controls * 

The heat delivery from the stoker of the smallest household t3^e to the 
largest industrial unit can be regulated accurately with fully automatic 
controls. The smaller heating applications are controlled normally by a 
thermostat placed in the building to be heated. Limit controls are supplied 
to prevent excessive temperature or pressure being developed in the furnace 
or boiler and refueling controls are used to maintain ignition during periods 
of low heat demand. Automatic low water cut-outs are recommended for 
use with all automatically-fired steam boilers. (See Chapter 34.) 

DOMESTIC OIL BURNERS 

An oil burner is a mechanical device for producing heat automatically 
from liquid fuels. Two methods are employed for the preparation of the 



Fiq. 12. Low Pressure Atomizinq Oil Burner 


oil for the combustion process; atomization, and vaporization. The 
simpler types of burners depend upon the natural chimney draft for 
supplying the air for combustion. Other burners provide mechanical air 
supply or a combination of atmospheric, and mechanical. Ignition is 
accomplished by an electrical spark or hot wire, or by an oil or gas pilot. 
Some burners utilize a combination of these methods. Continuously 
operating burners may use manual ignition. Burners of different types 
operate with luminous or non-luminous flame. Operation may be inter- 
mittent, continuous with high-low flame, or continuous with graduated 
flame. 


CLASSIFICATION OF BURNERS 

Domestic oil burners may be classified by type of design or operation 
into the following groups: pressure atomizing or gun, rotary, and vapor- 
izing or pot. These are further classified as mechanical draft, and natural 
di-aft. 

Pressure Atomizing (Gun Type) 

Gun type burners may be divided into two classes, low-pressure, and 
high-pressure atomization. In the first group, a mixture of oil and primary 
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air is pumped as a spray through the nozzle at a pressure of 2 to 7 psi. 
Secondary air is supplied by a fan. Ignition is obtained by means of a 
high-voltage electric spark used alone, or as primary ignition for a gas pilot. 
Various features of a low pressure atomizing burner are shown in Fig. 12. 

The high-pressure atomizing tjrpe, illustrated in Fig. 13, is characterized 
by an air tube, usually horizontal, with oil supply pipe centrally located in 
the tube and arranged so that a spray of atomized oil is introduced, at about 
100 psi, and mixed in the combustion chamber with the air stream emerging 
from the air tube. A variety of patented shapes is employed at the end of 
the air tube to influence the direction and speed of the air and thus the 
effectiveness of the mixing process. 

This type of burner utilizes a fan to supply the air for combustion, and 
ignition is established by a high-voltage electric spark that may be operative 
continuously while the burner is running, or just at the beginning of the 



Fio. 13. High-Pbbssure Atomizing Oil Burner 


running period. Gun t 3 ^e burners operate on the intermittent on-off 
principle, and with a luminous flame. 

The combustion process is completed in a chamber constructed of 
refractory material, or stainless steel, this being a part of the installation. 
Pressure-atomizing burners generally use the distillate oils, No. 1, 2 or 3 
grade. (See Chapter 16.) 

Rotary Type 

This class of burners may be divided into two groups: vertical, and 
horizontal. Most of the smaller rotary burners are of the vertical type, 
and use the lighter distillate oils. No. 1 or 2 grade. 

The most distinguishing feature of vertical rotary burners is the principle 
of flame application. These burners are of two general t 5 rpes: the center 
flame and wall flame. In the former type (Fig. 14), the oil is atomized by 
being thrown from the rim of a revolving disc or cup and the flame burns in 
suspension with a characteristic yellow color. Combustion is supported 
by means of a bowl-shaped chamber or hearth. The wall flame burner 
(Fig. 15) differs in that combustion takes place in a ring of stainless steel 
or refractory material, which is placed around the hearth. Dependent 
upon combustion adjustment, these burners may operate with either a 
semi-luminous or non-luminous flame. 

Both types of vertical rotary burners are further characterized by their 
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installation within the ash pit of the boiler or furnace. Various t 3 npes of 
ignition are utilized, gas and electric, either spark or hot wire, llie air 
for combustion is supplied partially by natural draft, and partially by fan 
effect of the central spinner element. 

Horizontal rotary burners are used principally to bum the heavier oils. 
Nos. 5 and 6 grades, principally in larger commercial and industrial in- 
stallations, although domestic sizes are available. Such burners are of 
the mechanical atomizing t 3 ^e, using rotating cups which throw the oil 
from the edge of the cup at high velocity into the surrounding stream of air 
delivered by the blower (Fig. 16). 

Horizontal rotary burners commonly use a combination electric-gas 
ignition system, or are lighted manually. Primary air for combustion is 
supplied by a blower, and secondary air, often introduced through a 



Fig. 14 . Center Flame Vertical Fig. 16 . Wall Flame Vertical 

Rotary Burner Rotary Burner 


chcckerwork in the combustion chamber, is controlled by chimney draft- 
These burners operate with a luminous flame, usually on high-low or 
continuous setting. 

In larger installations, burners may be installed in multiple in a common 
combustion chamber. Because of the high viscosity oils used in these 
burners, it is customary to preheat the oil between the tank and the 
burner. Preheating when delivering from tank car, or truck, is often 
required in cold weather. 

Vaporizing Burners 

In the vaporizing burner, fuel oil is ignited (manually or electrically) and 
vaporized in a vessel or pot which is open at the top or one side. Heat for 
vaporization is supplied by the combustion process. Openings in the side 
walls of the burner admit primary air which forms a rich mixture of air and 
oil vapors in the burner. Ad j acen t to the outlet opening sufficient additional 
or secondary air is admitted to complete combustion. The openings for 
admitting air are arranged to obtain gradual and intimate mixing of air 
and oil vapor for combustion with a minimum amount of excess air and 
resulting high combustion efficiency. 

Fuel is fed by gravity from a constant level control valve and the flow 
is either on (at rated capacity) or off (at pilot flow) according to the demand 
of the thermostat. However, the high fire can be reduced and the pilot 
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Fio. 16 . Horizontal RoxATtNO Cup Oil Burner 


fire can be increased to give almost any desired control characteristic 
within the ran^ of the burner. The majority of vaporizing burners are 
manufactured in sizes up to one gallon per hour input. Most vaporizing 
burners are limited to use with No. 1 fuel oil having a maximum end point 
of 625 F and a minimum A.P.I. gravity of 35 deg. 

A barometric draft regulator is required to maintain the recommended 
draft. A draft of not more than 0.06 in. of water column is recommended 
for most natural draft burners. When burners are equipped with me- 
chanical forced draft, a slightly lower chimney draft can be used. A 
burner of this type is illustrated in Fig. 17. 

Vaporizing burners are adaptable to water heaters, space heaters, and 
furnaces. Some tjrpes have also been applied successfully to conversion 
installations. The heat output is in the range of requirements for the 
average or small home. 

The modulating flame allows simple manual control by regulation of 
a metering valve and simplifies the control equipment. Quiet com- 
bustion and the absence of moving parts contribute to quiet operation 
when the heating device is located in the living quarters. 



Fia, 17. Vaporieixo Pot-Ttpr Bubnib 
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The ability to operate on natural draft and gravity feed of the fuel, makes 
possible the use of these burners where electric current is not available or is 
unreliable. However, most furnaces are thermostatically controlled and 
many are provided with mechanical draft. 

Oil-Fired Boiler and Furnace Units 

A number of t^es of specially designed oil-fired boiler-burner and 
furnace-burner units are available. Various locations of burners will be 
noted in such units; some having the combustion chamber and burner 
at the top, some at the bottom, and some at the center of the appliance. 
One type of boiler-burner unit is shown in Fig. 18. The coordinated 
design of boiler (or furnace) and burner elements insures the optimum in 
operating characteristics, and the maintenance of balanced performance. 
This type of equipment usually has more heating surface, better flue 
proportions and gas travel than conventional boilers or furnaces. Some 



Fig. 18 . Typical Boileb-Burnbb Unit 


of the better conversion installations, however, may equal the unit type in 
performance. 

Operating Requirements for Oil Burners 

The U. S, Department of Commerce in conjunction with the oil burner and 
heating appliance industries has established commercial standards for 
conversion burners and burner-appliance units which cover installation, 
construction and performance tests^. 

Combustion Process 

Efficient combustion must produce a clean flame and use a relatively 
small excess of air, f.c., between 25 and 50 per cent. This can be done 
only by vaporizing the oil quickly and completely, and mixing it vigorously 
with air in a combustion chamber hot enough to support the combustion. 
A vaporizing burner prepares the oil, for combustion, by transforming the 
liquid fuel to the gaseous state by the application of heat before the oil va- 
por mixes with air to any extent and, if the air and oil vapor temperatures 
are high and the fire pot hot, a clear blue flame is produced. 
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In an atomizing burner the oil is mechanically separated into very fine 
particles so that the surface exposure of the liquid to the radiant heat of 
the combustion chamber is vastly increased and vaporization proceeds 
quickly. The result is the ability to bum more and heavier oil within a 
given combustion space. Because the air enters the combustion chamber 
with the liquid fuel particles, mixing, vaporization and burning occur 
all at once in the same space. This produces a luminous flame. A 
deficient amount of air is indicated by a dull red or dark orange flame 
with smoky tips. 

An excessive supply of air may produce a brilliant white flame or a 
short ragged flame with incandescent sparks flashing through the com- 
bustion space. While extreme cases may be detected, it is not possible 
to distinguish, by eye, the effect of the finer adjustment which competent 
installation requires. 

Combustion Adjustments 

The present-day oil burner with mechanical oil and air supply, properly 
installed and equipped with an automatic draft regulator, is capable of 
maintaining efficient combustion for a considerable period following the 
initial adjustments of oil and air. Eventually certain changes may occur, 
however, that will cause the per cent of excess air to decrease below allow- 
able limits. A decrease in air supply while the oil delivery remains con- 
stant, or an increase in oil delivery while the air supply remains constant, 
will make the mixture of oil and air too rich for clean combustion. The 
more efficient the adjustment the more critical it will be. The oil and air 
supply rates must remain constant. 

The following factors may influence the oil delivery rate: (1) changes 
in oil viscosity due to temperature change or variations in grade of oil 
delivered, (2) erosion of atomizing nozzle, (3) fluctuations in by-pass relief 
pressures, and (4) possible variations in methods of atomization. Any 
change due to partial stoppage of oil delivery will increase the proportion 
of excess air. This will result in less heat, reduced economy and possibly 
a complete interruption of service. 

The following factors may influence the air supply: (1) changes in 
combustion draft due to a variety of causes (z.e., changes in chimney 
draft because of weather changes, seasonal changes, back drafts, failure 
or inadequacy of automatic draft regulator, use of chimney for other 
purposes, possible stoppage of the chimney, and changes in draft resistance 
of boiler due to partial stoppage of the flues), and (2) changes in air inlet 
adjustments at the fan. 

Air leakage into the boiler or furnace setting should be reduced to a 
minimum. The amount of air leakage will be determined by the draft 
in the combustion chamber. It is important that this draft should be 
reduced as low as is consistent with the proper disposal of the gases of 
combustion. When using mechanical draft burners with average condi- 
tions, the combustion chamber draft should not be allowed to exceed 
0.02-0.05 in. water. An automatic draft regulator is very helpful in 
maintaining such values. 

Even though a fan is generally used to supply the air for combustion, 
in most oil burners, the importance of a proper chimney should not be 
overlooked. The chimney should have sufficient height and size to insure 
that the draft will be uniform within the limits given if maximum efficiency 
throughout the heating season is to be maintained. 
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Measurement of the Efficiency of Combustion 

Since efficient combustion is based upon a clean flame and definite 
proportions of oil and air employed, it is possible to determine the results 
by analyzing the combustion gases. ^ It is usually sufficient to analyze 
only for carbon dioxide (CO 2 ). A showing of 10 to ^12 per cent indicates 
the best adjustment if the flame is clean. Most of the good installations 
show from 8 to 10 per cent CO 2 . Taking into account the potential 
hazard of low excess air (high CO 2 ), a setting to give 10 per cent CO 2 
constitutes a reasonable standard for most oil burners. 

Combustion Chamber Design 

With burners requiring a refractory combustion chamber the size and 
shape should be in accordance with the manufacturer’s instructions. It 
is important that the chamber shall be as nearly air tight as is possible, 
except when the particular burner requires a secondary supply of air 
for combustion. 

The atomizing burner is dependent upon the surrounding heated re- 
fractory or firebrick surfaces to vaporize the oil and support combustion. 
Unsatisfactory combustion may be due to inadequate atomization and 
mixing. A combustion chamber can only compensate for these things to 
a limited extent. If li(iuid fuel continually reaches some part of the fire- 
brick surface, a carbon deposit will result. The combustion chamber 
should enclose a space having a shape similar to the flame but large enough 
to avoid flame contact. The nearest approach in practice is to have the 
bottom of the combustion chamber flat, but far enough below the nozzle 
to avoid flame contact, the sides tapering from the air tube at the same 
angle as the nozzle spray and the back wall rounded. A plan view of the 
combustion chamber resembles in shape the outline of the flame. In this 
way as much firebrick as possible is close to the flame so it may be kept hot. 
This insures quick vaporization, rapid combustion and better mixing by 
eliminating dead spaces in the combustion chamber. An overhanging 
arch at the back of the fire pot is sometimes used to increase the flame travel 
and give more time for mixing and burning, and sometimes to prevent the 
gases from going too directly into the boiler flues. When good atomization 
and vigorous mixing are achieved by the burner, combustion chamber 
design becomes a less critical matter. Where secondary air is used, com- 
bustion chamber design is quite important. When installing some of the 
vertical rotary burners the manufacturer’s instructions must be followed 
carefully when installing the hearth, as in this class successful performance 
depends upon this factor. 

Boiler Settings 

As the volume of space available for combustion is a determining factor 
in oil comsumption, it is general practice to remove grates and extend the 
combustion chamber downward to include or even exceed the ash pit 
volume; in new installations the boiler may be raised to make added 
volume available. Approximately 1 cu ft of combustion volume should be 
provided for every developed boiler horse power, and in this volume from 
1.5 to 2.5 lb of oil per hour can properly be burned. This corresponds to an 
average liberation of about 38,000 Btu per cubic foot per hour. At times 
much higher fuel rates may be satisfactory. For best results, care should be 
taken to keep the gas velocity below 40 fps. Where checkerwork of brick 
is used to provide secondary air, good practice calls for about 1 sq in. of 
opening for each pound of oil fired per hour. Such checkerwork is best 
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adapted to flat flames, or to conical flames that can be q)read over the 
floor of the combustion chamber. The proper bricking of a large or even 
medium sized boiler for oil firing is important and frequently it is advisable 
to consult an authority on this subject. The essential in combustion 
chamber design is to provide against flame impingement upon either me- 
tallic or firebrick surfaces. Manufacturers of oil burners usually have 
avmlable detailed plans for adapting their burners to various types of 
boilers, and such information should be utilized. 

Controls 

Controls for oil burner operation, including devices for the safety and 
protection of a boiler or furnace, are fully described in CWpter 34. 

GAS-FIRED HEATING EQUIPMENT 

A gas burner is defined by the American Gas Association as “a device 



for the final conveyance of the gas, or a mixture of gas and air, to the 
combustion zone.” Burners used for domestic heating are of the atmos- 
pheric injection, luminous flame, or power burner types. 

The use of gas has resulted in the production of a number of types of 
domestic gas heating appliances, and systems. These may be classified 
in types designed for cenlx-al heating plants, and those for unit application. 
Gas-designed units and conversion burners are available for the several 
kinds of central systems. Unit heaters, space heaters and circulators may 
be had for installation in the space being heated. 

Central Heating Systems 

Boilers and fum^es specially designed for gas-firing incorporate design 
features for obtaining maximum efficiency and performance. Small flue 
passes to secure good heat transfer, the use of materials resistant to the 
corrosive effects of products of combustion, and draft hoods are notable 
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features. Control equipment includes gas pressure regulators, automatic 
pilots, and limit controls designed to protect the appliance and to insure 
safety of operation. A boiler designed for gas-buming is illustrated 
in Fig. 19. 

« 

Conversion burners are usually complete burner and control units 
designed for installation in existing boilers and furnaces. Burner heads 
are of circular or rectangular shape in order to fit in the space available. 
Single port burners, discharging the flame against a ceramic, stainless steel, 
or cast iron target, have become popular in the past few years. The 
control equipment is generally the same as for gas boilers and furnaces. 
Various baffles made of clay radiants or metal are used for the purpose of 
guiding the products of combustion along the heating surface in the firebox 
or flues. Automatic air dampers are supplied on many models to prevent 
flow of air into the firebox when the burner is not operating. A typical gas 
conversion burner is shown in Fig. 20. 

Burners of this type are available in sizes ranging from 50,000 to 400,000 
Btu per hour capacity. Burners of even larger capacity, for use with natural 



Fig. 20. Typical Gas Conversion Burner 


gas in large steel boilers, are usually engineered by the local utility or 
contractor. They are available in an infinite number of sizes because the 
burner may be an assembly of multiple burner heads filling the entire 
firebox. 

Domestic sizes of conversion burners should conform to American 
Standard Listing Requirements for Conversion Burners, A.S.A. Z21.17- 
1948 and installation should be made in accordance with American Stand- 
ard Requirements for Installation of Domestic Gas Conversion Burners. 
A.S.A. Z21.8-1948. 

Draft hoods, conforming to American Standard Requirements, should be 
installed in place of the dampers used with a solid fuel. 

One form of central heating system is the warm air floor furnace®. The 
use of these furnaces is adaptable to mild climates or for auxiliary heating 
or heating of single rooms in colder climates. They are used for heating 
first floors, or where heat is required in only one or two rooms. A number 
may be used to provide heat for the entire building where all rooms are on 
the ground floor, thus giving the heating system flexibility. With the 
usual t3rpe the register is installed in the floor, the heating element, gas 
piping, and also the flue gas vent piping being suspended below the floor. 
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Unit Type Heaters 

Space heaters may be used for auxiliary heating, but in many cases 
are installed for furnishing heat to entire buildings. With the exception 
of wall heaters, they are semi-portable. 

Parlor heaters or circulators are usually of the cabinet type. They heat 
the room entirely by convection, i.e., the cold air of the room is drawn in 
near the base, passes up inside the jacket around a heating section, and 
out of the heater at, or near, the top. These heaters cause a continuous 
circulation of the air in the room during the time they are in operation. 
The burners are located in the base at the bottom of an enclosed combus- 
tion chamber. The products of combustion pass around baffles within 
the heating element, and out the flue at the back near the top. They are 
well adapted for residence room heating and also for stores and offlces. 

Unvented type circulators should not be used in residences unless pro- 
vision is made to remove the excess moisture caused hy release of flue 
gases into the living quarters. 

Radiant heaters give off a considerable portion of their heat in the form 
of radiant energy emitted by an incandescent refractory that is heated by 
a Bunsen flame. They are made in numerous shapes and designs and in 
sizes ranging from two to seven or more radiants. An atmospheric bur- 
ner is supported near the center of the base. Others have a group of 
small atmospheric burners supported on a manifold attached to the base. 
Most radiant heaters are portable; however, there are also types which 
are encased in a jacket with a grilled front and fit into the wall. 

Gas-fired steam and hot water radiators are other t 3 q)es of room heating 
appliances. Tliey are made in a large variety of shapes and sizes and are 
similar in appearance to the ordina^ steam or hot water radiator. A 
separate combustion chamber is provided in the base of each radiator and 
is usually fitted with a one-piece burner. They may be secured in either 
the vented or unvented types, and with steam pressure, thermostatic or 
room temperature controls. 

Warm air radiators are similar in appearance to steam or hot water 
radiators. They are usually constructed of sheet metal hollow sections. 
The products of combustion circulate through the sections and are dis- 
charged from a flue or into the room, depending upon whether the radiator 
is of the vented or unvented t 3 q)e. 

Unit heaters are used extensively for heating large spaces such as stores, 
garages, and factories. These heaters consist of a burner, heat exchanger, 
fan for distributing the air, draft hood, automatic pilot, and controls 
for burners and fan. They are usually mounted in an elevated position 
from which the heated air is directed downward by louvers. Some unit 
heaters are suspended from the ceiling, and others are free-standing floor 
units of the heat tower type. 

Unit heaters are available in two types, classified according to their 
use, with, or without ducts. Only those types of unit heaters tested and 
approved as warm air furnaces can be connected safely to ducts, as they 
have sufficient blower capacity to deliver an adequate air supply against 
duct resistance and are equipped with limit controls. 

Combustion Process and Adjustments 

Most domestic gas burners are of the atmospheric injection (Bunsen) 
type in which primary air is introduced, and mixed with the gas in the 
throat of the mixing tube. A ratio of about 3 parts primary air to 1 part 
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gas for manufactured gas, and a 5^ to 1 ratio for natural gas, are generally 
used as theoretical values. For normal operation of most atmospheric 
type burners 40 to 60 per cent of the theoretical value of primary air will 
give best operation. The amount of excess air required in practice de- 
pends upon several factors, notably uniformity of air distribution and 
mixing, direction of gas travel from burner, and the height and temperature 
of combustion chamber. 

Secondary air is drawn into gas appliances by natural draft. As with 
other fuels, excess secondary air constitutes a loss, and should be reduced 
to a proper minimum, which usually cannot be less than 25 to 35 per cent 
if the appliance is to meet A.S,A, approval. Yellow flame burners 
depend upon secondary air, alone, for combustion. 

The flame produced by atmospheric injection burners is non-luminous. 
Air shutter adjustments for manufactured gas should be made by closing 
the air shutter until yellow flame tips appear and then by opening the air 
shutter to a final position at which the yellow tips just disappear. This 
type of flame obtains ready ignition from port to port and also favors 
quiet flame extinction. When burning natural gas the air adjustment is 
generally made to secure as blue a flame as obtainable. 

Little difficulty should be had in maintaining efficient combustion when 
burning gas. The fuel supply is normally held to close limits of variation 
in pressure and calorific value and the rate of heat supply is nominally 
constant. Because the force necessary to introduce the fuel into the 
combustion chamber is an inherent factor of the fuel, no draft by the 
chimney is required for this purpose. The use of a draft hood insures 
the maintenance of constant low draft condition in the combustion chamber 
with a resultant stability of air supply, A draft hood is also helpful in 
controlling the amount of excess air and preventing back drafts that might 
extinguish the flame. (See Chapter 16.) 

Due to the use of draft hoods and gas pressure regulators both the 
input and combustion conditions of gas appliances are maintained quite 
uniform until deposits of dirt, corrosion, or scale accumulate in the air 
inlet openings, burner ports, or on the heating surface. Periodic cleaning 
is necessary to keep any gas appliance in proper operating condition. 

Measurement of the Efficency of Combustion 

The efficiency of combustion may be judged from the percentage of 
carbon dioxide (CO 2 ), oxygen (O 2 ) and carbon monoxide (CO) in the flue 
gases. The CO 2 and O 2 may be obtained by means of an Orsat apparatus 
but the CO must be determined by more accurate equipment. It is 
customary to use simple indicators to determine whether CO is present 
and to make adjustments of the appliances to reduce the CO below 4/100 
of one per cent before continuing tests in which the CO 2 and O 2 can then 
be found by use of the Orsat apparatus. Since the ultimate CO 2 for any 
gas depends on the carbon-hydrogen ratio the quality of the combustion 
should not be judged from the value of the CO 2 in the flue gas without 
reference to the ultimate CO 2 obtainable. Practical values of CO 2 will 
usually be from 8 to 14 per cent depending on the gas used. 

Ratings for Gas Appliances 

Input rating for a gas appliance is established by demonstrating that 
the appliance can meet the Approval Requirements of the A.S.A. The 
tests are conducted at the A,G.A. Testing Laboratories, Output rating is 
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Table 1. Capacitt op Gas PipiiSig 


Length of Pipe 
in Feet 

Nominal Diameter of Pipe in Inches 

! 

1 

U 

li 

2 

Capacity—Cu Ft Per Hr with a 0.6 Sp Gr Gas and Pressure Drop of 0.3' Water Column 

15 

172 

345 

750 



30 

120 

241 

535 

850 


45 

99 

199 

435 

700 


60 

86 

173 

380 

610 


75 

77 

155 

345 

545 


90 

70 

141 

310 

490 


105 

65 

131 

285 

450 

920 

120 


120 

270 

420 

860 

150 


109 

242 

380 

780 

180 


100 

225 

350 

720 


determined from the approved input and an average efficiency stated in 
the Approval Requirements and is the heat available at the outlet. 

Sizing Gas-Fired Heating Plants 

Although gas>buming equipment usually is completely automatic, 
maintaining the temperature of rooms at a predetermined figure, there 
are some manually controlled installations. In order to overcome effec- 
tively the starting load and losses in piping, a manually-controlled gas 
boiler should have an output as much as 100 per cent greater than the 
equivalent standard radiation which it is expected to serve. 

Boilers under thermostatic control, however, are not subject to such 
severe pick-up loads and consequently, it is possible to use a lower selec- 
tion factor. For a gas-fired boiler or furnace under thermostatic control 
a factor of 20 to 25 per cent is usually sufficient for pick-up allowance. 

In those installations, in mild climates where 100 per cent outside air 
is used, furnaces should be of larger size in order to provide adequate 
capacity and quick pick-up under intermittent heating conditions. 

The factor to be allowed for loss of heat from piping will vary somewhat, 
the proportionate amount of piping installed being greater for small 
installations than for large ones. For selection factors to be added to 
installed radiation under thermostatic control see Chapter 18. 


Table 2. Multipliebs For Various Specific Gravities 
For Use With Table 1 


Specific Gravity 

Multiplier 

Specific Gravity 

Multiplier 

.35 

1.31 

1.00 

.775 

.40 

1.23 

1.10 

.740 

.45 

1.16 

1.20 

.707 

.50 

1.10 

1.30 

.680 

.55 

1.04 

1.40 

.655 

.60 

1.00 i 

1.50 

.633 

.65 

.962 ' 

1.60 

.612 

.70 

.926 

1.70 

.594 

.75 

.895 1 

1.80 

.577 

.80 

.867 i 

1.90 

.565 

.85 

.841 

2.00 

.547 

.90 

.817 

2.10 

.535 
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Appliances used for heating with gas should bear the approval seal 
of the A O. A. Testing Laboratories on the manufacturer's nameplate, 
together with the official input and output ratings. It is not permissible 
to operate a gas heating unit above its stated rating. It may be necessary 
to operate below this rating at elevatibns above 2000 ft unless the appliance 
has been tested and approved for operation at altitudes up to 5200 ft as 
shown on name plate. 

Installations should be made in accordance with recommendations shown 
in the publications of the American Gas Association. 

Controls 

Temperature controls for gas burners are described in Chapter 34. 
Some central heating plants are equipped with push-button or other 
manual control. The main gas valve may be of either the snap action 
or throttling type. Automatic electric ignition is available. 

SIZING OF GAS PIPING 

Piping for gas appliances should be of adequate size and so installed as to 
provide a supply of gas sufficient to meet the maximum demand without 
undue loss of pressure between the point of supply (the meter) and the 
burner. 

The size of gas pipe necessary to install depends upon the following 
factors: 

1. Maximum gas consumption to be provided. 

2. Length of pipe and number of fittings. 

3. Allowable loss in pressure from the outlet of the meter to the burner. 

4. Specific gravity of the gas. 

To obtain the cubic feet per hour of gas required by the burner divide 
the Btu input at which the burner will be adjusted by the average Btu heat- 
ing value per cubic foot of the gas. 

Capacities of different sizes and lengths of pipe, in cubic feet per hour, 
with a pressure drop of 0.3 in. of water column for a gas of 0.60 sp. gr. 
are shown in Table 1. In adopting a 0.3 in. pressure drop, due allowance 
for an ordinary number of fittings was made. 

To convert the figures given in Table 1 to capacities for another gas of 
different specific gravity, multiply the tabular values by the multipliers 
shown in Table 2. 


FUEL BURNING RATES 

The burning rate for automatic fuel burning devices is determined by 
the gross heat output required of the boiler, or furnace, to carry the net 
heating load plus allowances for system losses, and pick-up. General 
values for these allowances previously have been noted. Detailed infor- 
mation for piping and pick-up allowances for steam, and hot water systems 
is given in Chapter 18 and for warm air systems in Chapters 21 and 22. 

When the gross output, operating efficiency, and heat value of the fuel 
are known, the required rate of burning can be determined by means of 
Figs. 21, 22 and 23 for the several fuels. 

As the rate of fuel burning is directly proportional to the load for a 
given efficiency, these charts can be extended by moving the decimal 
points the same number of digits in both vertical and horizontal scales. 
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Fig. 22. Oil Fitel Burning Rate Chart* 


* This chart is based upon No. 3 oil having a heat content of 143,400 Btu per gallon. If other grades of 
oil are used multiply the value obtained from this chart by the following factors: No. 1 oil (139,000 Btu per 
Mllon) 1.082; No. 2 oil (141.000 Btu per gallon) 1.017; No. 4 oil 044,500 Btu per gallon) 0.992; No. 6 oil (140.000 







Automatic Fuel Burning Equipment 


371 



0 2 4 6 8 10 12 14 16 18 20 

GROSS OUTPUT* HUNDRED FEET STEAM RADIATION 


0 5 10 IS 20 25 30 

GROSS OUTPUT • HUNDRED FEET WATER RADIATION 

Fig. 23. (jas Fuel Burning Rate Chart 


The correct fuel burning rate can be determined directly from the 
several charts for oil or gas burning installations, as these customarily 
operate on a strictly intermittent basis. These fuel burning devices 
usually introduce the fue’ at a single fixed rate during the on periods and 
this rate should be sufficient to carry the gross load. In the case of coal 
stokers, which are usually capable of variable rates of firing, it is desirable 
to operate at as low a rate as weather conditions will permit, but the maxi- 
mum firing rate of the stroker should be sufficient to carry the gross load. 
This rate may be determined by the same method as used for oil or gas. 

REFERENCES 

' Domestic Burners for Pennsylvania Anthracite (Underfeed Type), (U. S. Depart- 
ineni of Commerce, National Bureau of Standards, Commercial Standard No. CS48-40). 

^Stoker Manufacturers Association Manual: Industry Standards, Recommended 
Practices, Technical Information. Published by Stoker Manufacturers Association, 
307 N. Michigan Avc., Chicago 1, 111. 

^ Code for Determination of Rated Capacities of Anthracite Underfeed Stokers, 
adopted June 1, 1944, and a Code for Determination of Rated Capacities of Bitumi- 
nous Underfeed Strokers, adopted May 3, 1944. See Stroker Manufacturers Associa- 
tion Manual. 

^ Automatic Mechanical Draft Oil Burners Designed for Domestic Installations 
(U. S. Department of Commerce, National Bureau of Standards, Commercial Standard 
No. CS75-42). Flue Connected Oil Burning Space Heaters Equipped with Vaporiz- 
ing Pot Type Burners (f/. S. Department of Commerce, National Bureau of Standards, 
Commercial Standard No. CSlOl-43). Warm-Air Furnaces Equipped with Vaporiz- 
ing Pot-Type Oil Burners (JJ. S. Department of Commerce, National Bureau of Stand- 
ards, Commercial Standard No. CS(E)l()4-43). Oil-Burning Floor Furnaces equip- 

S ed with Vaporizing Pot-Type Burners (17. S. Department of Commerce, National 
'ureau of Standards, Commercial Standard C. S. 113-44). 
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* Gas Floor Furnaces, Gravity Circulating Type {U, S. Department of Commerce, 
National Bureau of Standards, (Commercial Standard No. CS99-42). 

* American Standard Requirements for Installation of Domestic Gas Conversion 
Burners (A.S.A. Z21 .8-1948 American Standard Association). 
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CHAPTER 18 

HEATING BOILERS, FURNACES, SPACE HEATERS 

BOILERS: Construction, Types, Design Considerations, Testing and Rating 
Codes, Efficiency, Rating, Selection, Space Limitations, Connections and 
Fittings, Erection, Operation and Maintenance. FURNACES: Types, 
Materials and Construction, Ratings, Testing and Rating Codes, 
Efficiency, Design Considerations, Humidification Equipment. 

SPACE HEATERS: Types: Solid Fuel, Oil, Gas; Materials 
and Construction, Testing and Rating, Design 
Considerations; Special Features; Installation 


I N presenting the subject of Boilers, Furnaces and Space Heaters this 
chapter is divided into three parts; the first dealing with boilers, the 
second treating warm air furnaces, and the third covering space heaters. 

HEATING BOILERS 

Steam and hot water boilers for low pressure heating are built of steel or 
cast-iron in a wide variety of types and sizes, many of which are illustrated 
in the Catalog Data Section, 

CONSTRUCTION 

The nationally recognized code governing the construction of low-pres- 
sure steel and cast-iron heating boilers is the ASME Boiler Construction 
Code for Low Pressure Heating Boilers. Some states and municipalities 
have their own codes which apply locally but these are usually patterned 
after the ASME Code. 

The maximum allowable working pressures are limited by the ASME 
Code to 15 psi for steam and 30 psi for hot water heating boilers. Hot 
water boilers may be used for higher working pressures, for heating pur- 
poses or for hot water supply, when designed and tested for the higher 
pressure. 

TYPES OF HEATING BOILERS 

Heating boilers are classified in a number of different ways, such as : 

1. According to materials of construction. These are steel and cast-iron. Very 
few non-ferrous boilers are made. 

2. According to the fuels for which the boilers are designed. These are coal, hand 
fired or stoker fired; oil ; gas; or w^ood. Some boilers are designed specifically for one 
fuel but many boilers are designed for more than one fuel. 

3. According to the specific purpose or application for which the boiler is used, 
such as space heating or domestic hot water supply. 

4. According to the design or construction of the boiler such as, sectional, round, 
fire-tube, water-tube, magazine feed, Scotch, etc. 

Cast-Iron Boilers 

Cast-iron boilers are generally classified as : 

1. Square or rectangular boilers with vertical sections and rectangular grates, 
commonly known as sectional boilers. 

2. Round boilers with horizontal pancake sections and circular grates. 
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Cast-iron boilers are usually shipped in sections and assembled at the 
place of installation. In the majority of boilers the sections are assembled 
with push nipples and tie rods. Many sectional boilers are provided with 
large push nipples at top to permit the circulation of water between ad- 
jacent sections at both the water line and bottom of the boiler, which is 
necessary to enable the use of an indirect water heater with the boiler for 
summer-winter hot water supply. Round and sectional boilers may be 
increased in size by the addition of sections and corresponding plate work. 

Small sectional type boilers are available with wet-base construction, 
wherein the ashpit or combustion chamber sides and bottom are sur- 
rounded by extensions of the water legs of the boiler sections and thus no 
separate base is required. This type of construction permits the boiler 
to be set directly on a wood or composition floor without danger of fire. 
The wet-base also provides some additional heating surface. 

Capacities of cast-iron boilers range generally from capacities required 
for small residences up to about 12,000 sq ft of steam radiation. There 
are a few boilers made with capacities up to 18,000 sq ft of steam radiation. 
For larger loads, boilers must be installed in multiple. 

Steel Boilers 

Steel boilers may be of the fire-tube type, in which the gases of combus- 
tion pass through the tubes and the boiler water circulates around them, 
or of the water-tube type, in which the gases circulate around the tubes 
and the water passes through them. 

Either the fire-tube or water-tube type may be designed with integral 
water jacketed furnaces or arranged for refractory lined brick or refractory 
lined jacketed furnaces. Those with integral water jacketed furnaces 
are called portable firebox boilers and are the most commonly used type. 
They are usually shipped in one piece, ready for piping. Refractory 
furnaces are usually installed in refractory lined furnace boilers after they 
are set in place. 

Capacities of steel boilers range from those required for small residences 
up to about 35,000 sq ft of steam radiation. 

Boilers for Special Applications 

One of these is known as the magazine feed boiler developed for the 
burning of small sizes of anthracite and coke and has a large fuel carrying 
capacity which results in longer firing periods than would be the case with 
the standard types^ burning coal of buckwheat size. Special attention 
must be given to proper chimney sizes and connections in order to insure 
adequate draft. 

Boilers for hot water supply are classified as direct, if the water heated 
passes through the boiler, and as indirect, if the water heated does not 
come in contact with the water or steam in the boiler. 

Direct heaters are built to operate at the pressures found in city supply 
mains and are tested at pressures from 200 to 300 lb per square inch. 
The life of direct heaters depends almost entirely on the scale-forming 
properties of the water supplied and the temperatures maintained. If 
low water temperatures are maintained the life of the heater will be much 
longer due to decreased scale formation and minimized corrosion. Direct 
water heaters in some cases are designed to burn refuse and garbage. 

Indirect heaters generally consist of steam boilers in connection with 
heaf exchangers of the coil or tube types which transmit the heat from the 
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steam to the water. This type of installation has the following advantages : 

1. The boiler operates at low pressure. 

2. The boiler is protected from scale and corrosion. 

3. The scale is formed in the heat exchanger in which th^ parts to which the scale 
is attached can be cleaned or replaced. The accumulation of scale does not affect 
efficiency although it will affect the capacity of heat exchanger. 

4. Discoloration of water may be prevented if the water supply comes in contact 
with only non-ferrous metal. 

Where a steam or a forced circulation hot water heating system is in- 
stalled, the domestic hot water may be heated by an indirect heater at- 
tached to the boiler. For most satisfactory performance in the steam 
system, this heater is placed just below the water line of the boiler. In a 
forced circulation hot water system, it should be lo(?ated as high as possible 
with respect to the boiler. 

BOILER DESIGN CONSIDERATIONS 


Furnace Design 

Good efficiency and proper boiler performance are dependent on correct 
furnace design. There must be sufficient volume for burning the particular 
fuel which is used, and means to obtain a thorough mixing of air and gases 
at a high temperature and at a velocity low enough to permit complete 
combustion of all the volatiles. For hand fired boilers, the furnace volume 
should be large enough to hold sufficient fuel for reasonably long firing 
periods. (See Chapters 1 6 and 17.) 

Heating Surface 

Boiler heating surface is that portion of the surface of the heat transfer 
apparatus in contact with the fluid being heated on one side and the gas or 
refractory being cooled on the other side. Heating surface on which the 
fire shines is known as direct or radiant surface and that in contact with 
hot gases only as indirect or convection surface. The amount of heating 
surface, its distribution, and the temperatures on either side thereof in- 
fluence the capacity of any boiler. 

Direct heating surface is more valuable than indirect per square foot 
because it is subjected to a higher temperature and also, in the case of 
solid fuel, because it is in position to receive the full radiant energy of the 
fuel bed. 

The effectiveness of the heating surface depends on its cleanliness, its 
location in the boiler, and the shape of the gas passages. The area of the 
gas passages must not be so small as to cause excessive resistance to the 
flow of gases where natural draft is employed. Inserting baffles so that 
the heating surface is arranged in series with respect to the gas flow in- 
creases boiler efficiency and reduces stack temperature, but increases the 
draft loss through the boiler. 

Heat Transfer Rate 

Practical average over-all heat transfer rates expressed in Btu absorbed 
per square foot of surface per hour will average about 3300 for hand fired 
boilers and 4000 for mechanically fired boilers when operating at design 
load. When mechanically fired boilers are operating at maximum load 
as defined in this chapter under heading Selection of Boilers, these values 
will run between 5000 and 6000. Boilers operating under favorable condi- 
tions at these heat transfer rates will give exit gas temperatures that are 
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considered cox^stent with good practice, although there are boilers which 
have high efficiencies and also operate at higher transmission rates. 

TESTING AND RATING CODES 

The Society has adopted four solid fuel testing codes, a solid fuel rating 
code, and an oil fuel testing code. 

ASHVE Standard and Short Form Heat Balance Codes for Testing 
Low-Pressure Steam Heating Solid Fuel Boilers — Codes 1 and 2 — (Re- 
vision of June, 1929)^, are intended to provide a method for conducting 
and reporting tests to determine heat efficiency and performance char- 
acteristics. 

ASHVE Performance Test Code for Steam Heating Solid Fuel Boilers 
— Code No. 3 — (Edition of 1929)^ is intended for use with ASHVE Code 
for Rating Steana Heating Solid Fuel Hand-Fired Boilers^. The object 
of this test code is to specify the tests to be conducted and to provide a 
method for conducting and reporting tests to determine the efficiencies 
and performance of the boiler. 

The ASHVE Standard Code for Testing Steam Heating Boilers Burning 
Oil Fuel®, (Adopted June, 1932), is intended to provide a standard method 
for conducting and reporting tests to determine the heating efficiency and 
performance characteristics when oil fuel is used with steam heating 
boilers. 

The ASHVE Standard Code for Testing Stoker-Fired Steam Heating 
Boilers^ (Adopted June, 1938), is intended to provide a test method for 
determining the efficiency and performance characteristics of any stoker 
and boiler combination burning any type of solid fuel such as anthracite 
or bituminous coal. 

The Si^el Boiler Institute, Inc. has adopted a Rating Code for Com- 
mercial Steel Boilers and Residential Steel Boilers and for Testing Oil- 
Fired Residential Steel Boilers (Fifth Edition as Revised Jan. 1 1948). 
The commerical boilers (defined as those having 129 to 2500 sq ft of heating 


Table 1. SBI Net Rating Data for Residential Steel Boilers— Oil Fired* 


SBI Net Rating 

Minimum 
Furnace 
Volume Cu Ft 

Heating 
Surface Sq Ft 

Sq Ft Steam 

Sq Ft Water 

Btu 

275 

440 

66000 

2.5 

16 

320 

510 


2.9 

19 

400 

640 


3.6 

24 

550 

880 


5.0 

32 

700 

1120 

168000 

6.4 

41 

900 

1440 

216000 

8.2 

53 

1100 

1760 

264000 

10.0 

65 

1300 

2080 

312000 

11.8 

77 

1500 

2400 

360000 

13.6 

88 

1800 

2880 

432000 

16.4 

106 

2200 

3520 

528000 

20.0 

129 

2600 

4160 

624000 

23.6 

153 

3000 

4800 

720000 

27.3 

177 


* Stoker-fired and Gas-fired SBI Net Rating not greater than Oil-fired. Hand-fired, SBI Net Rating 
(Steam) not greater than 14 times the square feet of hmting surface. 













Table 2. SBI Ratings for Commercial Steel Boilers 
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* Oil, gaa or bituminous stoker-fired coal. Minimum furnace volumes for anthracite, stoker-fij^, are not specified in this code. 
^ Bituminous, stoker-fired. 

* The tapping sises shown for boilers having 129 to 600 sq ft of heating surface, inclusive are adequate for forced hot water. 
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surface) are rated in square feet (steam) on the basis of heating surface 
with limitations set for grate area, furnace volume, and furnace height. 
The residential boilers (defined as those having not more than 177 sq ft 
of heating surface) are rated on tests for oil-fired boilers, with limitations 
in relation to heating surface and testing conditions. Stoker-fired and 
gas-fired residential boilers are rated {SB I Net Rating) not in excess of 
the oil-fired rating. Hand-fired residential boilers are rated {SB I Net 
Rating) not greater than 14 times the heating surface. 

Tables 1 and 2 show the SBI ratings of residential and commercial 
steel boilers respectively. 

The Institute of Boiler and Radiator Manufacturers has adopted a Code® 
for rating cast-iron heating boilers based upon performance obtained under 
controlled test conditions. This Code applies to all sectional cast-iron 
heating boilers except those of magazine feed type. 

The Gross I = B = R Output is obtained by test and is subject to 
certain limiting factors. For hand fired boilers, the number of boilers of a 
series to be tested, the minimum over-all efficiency, the minimum time 
limit (the time an Available Fuel Charge will last when burned at a rate 
which will produce the Gross I = B — R Output), the chimney area and 
height, and the draft in the stack are all subject to the limits established 
in the Code. Tests are run using anthracite coal of standard specification. 
Bituminous coal and coke ratings are the same as for anthracite coal. 

For automatically fired boilers, the number of boilers of a series to be 
tested, the flue gas temperature and analysis, the minimum over-all 
efficiency, the draft loss through the boiler, and the heat release in the 
combustion chamber arc subjected to limitation by the Code®. Auto- 
matically fired boiler ratings are established by oil fired tests using gun 
type oil burners and commercial grade No. 2 fuel oil. Stoker fired and 
gas fired ratings (where no A,G,A. Rating is published) are based on the 
Gross I = B = R Output obtained by oil fired tests. 

The Net I = B = R Rating is determined from the Gross I = B = R 
Output by applying specified Piping and Pickup Factors which range from 
2.36 to 1.40 for hand fired boilers and from 1.56 to 1.288 for automatically 
fired boilers. In both cases, the factor decreases as the boiler size in- 
creases. Table 3 is abstracted from the I = B = R Rating Tables in the 
Code and illustrates the relationship between Net I — B = R Rating and 
Gross I =B=R Output 

The American Gas Association has adopted a method of rating gas 
designed boilers based upon performance under tests. This is described 
in Approval Requirements for Central Heating Gas Appliances. 

The Heating, Piping and Air Conditioning Contractors National Ai- 
sodation has adopted a method of rating boilers based on their physical 
characteristics for those boilers that are not rated in accordance with the 
SBI or / = jB = 72 Codes. Ratings are expressed on a Net Load basis 
in square feet of steam radiation. 

BOILER EFFICIENCY 

The term efficiency as used for guarantees of boiler performamje is usu- 
ally construed as follows: 

1. Solid Fuels, The efficiency of the boiler alone is the ratio of the heat absorbed 
by the water and steam in the boiler per pound of combustible burned on the grate to 
the calorific value of 1 lb of combustible as fired. The combined efficiency of boiler, 
furnace and grate is the ratio of the heat absorbed by the water and steam in the boiler 
per pound of fuel as fired to the calorific value of 1 lb of fuel as fired. 



Heating Boilers, Furnaces, Space Heaters 


379 


Table 3. Rating Table 


Nar /- B-N 
lUnMO 

Pi^ng 

Factor 

HSNn-FXBBB 

« 

ADTOIfATIoFlBBD 

SqFt 

Steam 

1000 

Bttt 

Kckup* 

Factor 

Qrcis 

Output 

1000 

Btu 

Time 

Available 

Fuel Wm 

Last . 

Hr 

Maximum 

Stack 

H^tb 

Minimum 

Stack 

Are ^ 

Sqin. 

Piping 

and 

Kckup* 

Factor 

Oroas 

Output 

1000 

Btu 

Minimum 

Stack 

Areab 

Sqln. 

Maximum 

Allowabla 

Draft 

Lorn 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

100 

24.0 

1.300 

2.360 

56.6 

7.50 

29.0 

50.0 

1.560 

37.4 

50.0 

0.044 

250 

60.0 

1.293 

2.341 

140.5 

6.77 

33.0 

50.0 

1.548 

92.9 

50.0 


400 

96.0 

1.275 

2.268 

217.7 

6.32 

36.5 

50.0 

1.525 

146.4 

50.0 

0.058 

550 

132.0 

1.260 

2.201 

290.5 

5.99 

39.5 

50.0 

1.507 

198.9 

50.0 

0065 

700 

168.0 

1.248 

2.139 

359.4 

5.73 

42.0 

54.0 

1.492 

250.7 

50.0 

0.072 

850 

204.0 

1.236 

2.084 

425.1 

5.50 

44.0 

68.5 

1.478 

301.5 

50.0 

0.078 

1000 

240 0 

1.225 

2.039 

489.4 

5.32 

46.0 

82.0 

1.466 

351.8 

52.0 

a064 

1150 

276 

1.215 

2.001 

552 

5.15 

47.5 

95.5 

1.454 

401 

63.0 

0.090 

1300 

312 

1.205 

1.967 

614 

4.99 

49.0 

110.0 

1.444 

451 

73.5 

0.096 

1450 

348 

1.198 

1.939 

675 

4A5 

50.5 

122.5 

1.434 

499 

84.0 

0.102 

1000 

384 

1.190 

1.914 

735 

4.73 

52.0 

135.0 

1.424 

547 

95.0 

0.108 

1750 

420 

1.182 

1.891 

794 

4.60 

53.0 

147.0 

1.416 

595 

105.0 

0.113 

1900 

456 

1.177 

1.872 

854 

4.49 

54.5 

160.0 

1.408 

642 

115.0 

0.118 

2050 

492 

1.169 

1.855 

913 

4.41 

5 . 5.5 

172.0 

1.401 

689 

125.0 

0.124 

2200 

528 

1.162 

1.837 

970 

4.34 

56.5 

185.0 

1.394 

736 

135.0 

0.130 

2350 

*564 

1.158 

1.821 

1027 

4.29 

58.0 

196.0 

1.388 

783 

145.0 

0.136 

2500 

«00 

1.152 

1.805 

1083 

4.24 

59.0 

207.5 

1.382 

829 

155.0 

0.141 

2650 

636 

1.148 

1.789 

1138 

4.19 

60.0 

219.0 

1.376 

875 

165.0 

0.146 

2800 

672 

1.142 

1.774 

1192 

4.15 

61.0 

2 . 11.0 

1.369 

920 

173.5 

0.152 

2950 

708 

1.139 

1.759 

1245 

4.11 

62.0 

242.0 

1.364 

966 

183.5 

0.157 

3100 

744 

1.136 

1.744 

1298 

4.07 

63.0 

253.0 

1.359 

1011 

192.5 

0.162 

3250 

780 

1.132 

1.730 

1349 

4.03 

64.0 

264.0 

1.354 

1056 

202.5 

0.167 

3400 

816 

1.129 

1.717 

1401 

4.00 

64.5 

275.0 

1.349 

1101 

211.5 

0.172 

3550 

852 

1.128 

1.704 

1452 

4.00 

65.5 

286.0 

1.344 

1145 

221.0 

0.178 

3700 

888 

1.122 

1.691 

1502 

4.00 

66.5 

296.0 

1.339 

1189 

230.0 

0.183 

3850 

924 

1.121 

1.678 

1550 

4.00 

67.5 

306.0 

1.335 

1234 

239.5 

0.188 

4000 

960 

1.120 

1.666 

1599 

4.00 

68.0 

315.0 

1.331 

1278 

249.0 

0.192 

4200 

1008 

1.120 

1.650 

1663 

4.00 

69.0 

326.0 

1.325 

1336 

261.5 

a200 

4400 

1056 

1.120 

1.634 

1726 

4.00 

70.0 

337.0 

1.320 

1394 

274.0 

a206 

4600 

1104 

1.120 

1.620 

1788 

4.00 

70.5 

349.0 

1.314 

1451 

285.5 

— 

4800 

1152 

1.120 

1.605 

1849 

4.00 

71,5 

358.0 

1.310 

1509 

297.0 


5000 

1200 

1.120 

1.590 

1908 

4.00 

72.5 

367.0 

1.305 

1566 

308.0 



5200 

1248 

1.120 

1.577 

1968 

4.00 

73.0 

376.0 

1.301 

1624 

318.5 


5400 

1296 

1.120 

1.564 

2027 

4.00 

74.0 

385.0 

1.297 

1681 

329.5 



5600 

1344 

1.120 

1.552 


4.00 

74.5 

393.0 

1.294 

1739 

339.0 


5800 

1392 

1.120 

1.539 

2142 

4.00 

75.5 

402.0 

1.291 

1797 

350.0 


6000 

1440 

1.120 

1.526 

2197 

4.00 

76.0 

409.0 

1.290 

1858 

359.0 

, , ■ 

6200 

1488 

1.120 

1.514 

2253 

4.00 

77.0 

417 

1.289 

1918 

369 



6400 

1536 

1 120 

1.502 

2307 

4.00 

77.5 

425 

1.288 

1978 

377 

........ 

6600 

1584 

1.120 

1.491 

2362 

4.00 

78.0 

431 

1.288 

2040 

386 


6800 

1632 

1.120 

1.480 

2415 

4.00 

79.0 

438 

1.288 

2102 

395 


7000 

1680 

1.120 

1.470 

2470 

4.00 

79.5 

446 

1.288 

2164 

405 



7500 

1800 

1.120 

1.447 

2605 

4.00 

81.5 

464 

1.288 

2318 

426 


8000 

1920 

1.120 

1.426 

2738 

4.00 

83.0 

481 

1.288 

2473 

446 



8500 

2040 

1.120 

1.409 

2874 

4.00 

85.0 

497 

1.288 

2628 

467 

— 

9000 

2160 

1.120 

1.400 

3024 

4.00 

87.0 

515 

1.288 

2782 

486 


9500 

2280 

1.120 

1.400 

3192 

4.00 

89.0 

535 

1.288 

2937 

504 


10000 

2400 

1.120 

1.400 

3360 

4.00 

91.5 

555 

1.288 

3091 

522 

... 

11000 

2640 

1.120 

1.400 


4.00 

95.0 

595 

1.288 

3400 

560 


12000 

2880 

1.120 

1.400 

4032 

4.00 

99.0 

634 

1.288 

3709 

596 


13000 

3120 


1.400 

4368 

4.00 

103.0 

673 

1.288 

4019 

633 


14000 

3360 

KrM 

1.400 

4704 

4.00 

106.5 

712 

1.288 

4328 

668 



15000 


PI rM 

1.400 

5040 

4.00 

109.5 

751 

1.288 

4637 

704 

........ 

16000 

3840 


I^IOO 

5376 

4.00 

112.5 

789 

1.288 

4946 

740 



17000 

4080 


1.400 

5712 

4.00 

115.5 

827 

1.288 

5255 

776 


18000 

4320 

1.120 

1.400 

6048 

4.00 

118.0 

863 

1.288 

5564 

810 



4560 

1.120 

1.400 

6384 

4.00 

120.0 

899 

1.288 

5873 

844 

........ 

20000 

4800 

1.120 

1.400 

6720 

4.00 

i2ao 

900 

1.288 

6182 

877 



* InoludeB pickup allowance and correction for difference between test and operating conditions. 
" To be specified in catalog. 
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2. Liquid and Gaseous Fuels. The combined efficiency of boiler, furnace and burner 
is the ratio of the heat absorbed by the water and steam in the boiler per pound or 
cubic foot of fuel to the calorific value of 1 lb or cubic foot of fuel respectively. 

The following efficiencies apply to current designs of boilers operated 
under favorable conditions at their gross output ratings. Some older 
boilers designed primarily for hand firing may have lower efficiencies when 
automatically fired. 


Anthracite, hand fired 60 to 75 per cent 

Bituminous Coal, hand fired 60 to 65 per cent 

Stoker fired 60 to 75 per cent 

Oil and Gas fired 70 to 80 per cent 


Higher efficiencies for hand fired bituminous coal may be obtained by 
careful firing of either a regular or a smokeless boiler. 

RATING OF BOILERS 

In referring to boiler rating it is necessary to know the basis on which the 
rating has been established in order to understand the exact meaning of 
the term. The following example will illustrate the meaning of three 
ratings which might be established for the same boiler. 

Assume that an installation has the following loads determined in accordance with 
the section Selection of Boilers: 

Net Load 1000 sq ft of steam radiation 

Piping Tax 200 sq ft of steam radiation 

1200 sq ft of steam radiation 
240 sq ft of steam radiation 

Maximum or Gross Load 1440 sq ft of steam radiation 

A boiler that is just large enough to carry this system might be said to 
have a net had rating of 1000 sq ft, a design load rating of 1200 sq ft, or a 
gross had rating of 1440 sq ft, depending on the basis on which the boiler 
is rated. 

On a net had basis the boiler would be rated 1000 sq ft of steam radiation 
and would have sufficient excess capacity to supply the normal piping and 
pickup had. Net I = B = R Ratings, SBI Net Ratings, and Net Load 
Ratings of the Heating, Piping and Air Conditioning Contractors National 
Association are established on this basis. 

On a design had basis the boiler would be rated 1200 sq ft of steam radia- 
tion and would have sufficient excess capacity to supply the pickup had. 
It would be of adequate size for a system in which the sum of the net had 
and the piping heat hss did not exceed 1200 sq ft of steam radiation. The 
SBI Ratings shown in columns 1, 2, 3, 10, 11 and 12 of Table 2 (not to be 
confused with SBI Net Rating) are established on a design had basis. 

On a gross output basis of rating the boiler would be rated 1440 sq ft of 
steam radiation and would be of adequate size for a system in which the 
sum of the net had, piping load, and pickup had did not exceed 1440 sq 
ft of steam radiation. Gross I — B = R Output and A.G.A. Ratings 
are established on a gross output basis. 

In the determination of boiler ratings the Gross Output is the quantity 
of heat available at the boiler nozzle with the boiler normally insulated 
and when operating under limitations stipulated in the code or method by 
which the boiler is rated. The boiler may be capable of producing a greater 
nozzle output but in doing so would exceed some of these limitations. 


Design Load 

Pickup Allowance 
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SELECTION OF BOILERS 


General Factors 

The Maximum Load or Gross Loadjon the boiler is the sum of the four 
following items. 

The Design Load is the sum of items 1, 2, and 3. 

The Net Load is the sum of items 1 and 2. 

1 . Radiation Load. The estimated heat emission in Btu per hour of the connected 
radiation (direct, indirect, or forced convection coils) to be installed. 

The connected radiation is determined by calculating the heat losses for each room 
in accordance with data given in Chapter 6, 8, and 14. The sum of the calculated heat 
losses for all the rooms represents the total required heat emission of the connected 
radiation expressed in Btu per hour. As practicallv all boilers are now rated on a 
Btu basis, it is unnecessary to convert the radiation load to equivalent square feet of 
equivalent radiation. 

2. Hot Water Supply Load. The estimated maximum heat in Btu per hour re- 
quired to heat water for domestic use. 

When the hot water supplj^ is heated by the building heating boiler, this load must 
be taken into consideration in sizing the boiler. A common practice is to add 240 
Btu per hour to the radiation load f or each gallon of storage tank capacity. For more 
specific information see Chapter 50. 

3. Piping Tax. The estimated heat emission in Btu per hour of the piping con- 
necting the radiation and other apparatus to the boiler. 

As the heating industry as a whole is not entirely agreed upon piping tax 
allowances for different sizes of installations it is better to compute the heat emission 
from both bare and covered pipe surface in accordance with data in Chapter 28. In 
average house heating systems, it is common practice to consider the piping tax to 
be equal to 25 per cent of the Net Load. In determining Net /= B—R Katings from 
Gross I^B—R Output, the piping factor allowed varies from 30 per cent for small 
boilers to 12 per cent for larger boilers. 

4. Warming-Up or Pick-Up Allowance. The estimated increase in the normal load 
in Btu per hour caused by the heating up of the cold system. 

The warming-up allowance represents the load due to heating the boiler and con- 
tents to operating temperature, and heating up cold radiation and piping. The fac- 
tors to be used for determining the allowance to be made should be selected from 
Table 4. 


Table 4. Warming-up Allowances for Hand-Fired Low-Pressure Steam and 
Hot Water Heating Boilers*' ® 


Design Load (RiPBssBNTiNaSunuATioNoriTsifBi, 2 , ani>3) 

PUGBHTAaS CaPACITT TO AUD 

POB WABM»0-Uro 

Btu per Hour 

Equivalent Square Feet of Radiationd 

Up to 100,000 

Up to 420 

65 

100.000 to 200,000 

420 to 840 

60 

200.000 to 600,000 

840 to 2500 

55 

600,000 to 1,200,000 

2500 to 5000 

50 

1,200.000 to 1,800,000 

5000 to 7500 

45 

Above 1,800,000 

Above 7500 

40 


* This table is taken from the A.S.H.V.E. Code of Minimum Requirements for the Heating and Ventilation 
of Buildings, except that the second column has been added for convenience in interpreting the design load in 
terms of equivalent square feet of radiation. 


Vo 

mting S .... 

Boiler, by Sabin Crocker {Heating ^ Piping and Air Conditioning, March, 1032). 

® This table refers to hand- fired, solid fwA bodere. A factor of 20 per cent over design load is adequate when 
atUomatioMv- fired fad* are um. 

^ 240 Btu per square foot. 
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Other items to be considered in boiler selection are: 

а. Efficiency with hard or soft coal, gas, or oil firing, as the case may be. 

б. Grate area with hand fired coal, or fuel burning rate with stokers, oil, or gas. 

c. Combustion space in the furnace. 

d. Type of heat liberation, w’hether continuous or intermittent, or a combination 
of both. 

c. Convenience in firing and cleaning. 

/. Adaptability to changes in fuel and kind of attention. 
g» Height of water line. 

h. Miscellaneous items such as draft available, possibility of future extension, 
possibility of break-down, and head room in the boiler room. 

i. The most economical size of boiler is usually one that is just the right size for 
the load. Either larger or smaller boilers may be less economical. 

Cast-Iron Boilers 

Net load ratings of cast-iron boilers are usually available from manu- 
facturers’ catalogs. They may also be obtained conveniently from pub- 
li^ed tables of I = B = R ratings®, or from recommendations of the 
Heating, Piping and Air Conditioning Contractors National Association'^ 
and can be used in selection of boilers, unless the heating system contains 
an unusual amount of bare pipe, or the nature of the connected load is 
such that the normal allowances for pipe loss and pickup do not apply. 
In such a case, the selection must be based on the gross output. 

Steel Heating Boilers 

SBI catalog ratings in accordance with the previously mentioned Steel 
Boiler Institute, Inc. code are intended to correspond with the estimated 


Table 5. Practical Combustion Rates for Coal-Fihei> Heating Boiler.s 
Operating at Maximum Load on Natural Draft of from i in. 

TO i in. Water* 


Kind op Coal 

Sq Ft Grate j 

Lb op Coal per Sq Ft 
Grate per Hour 


Up to 4 

3 


5 to 9 


No. 1 Buckwheat Anthracite 

10 to 14 

4 


15 to 19 



20 to 25 

5 


Up to 9 

5 

Anthracite Pea 

10 to 19 

BH 


20 to 25 

6 


Up to 4 

8 


5 to 9 

9 

Anthracite Nut and Larger 

10 to 14 

10 


15 to 19 

11 


20 to 25 

13 


Up to 4 

9.5 

Bituminous 

5 to 14 

12 


16 and above 

16.5 


* Steel boilers usually have higher combustion rates for grate areas exceeding 15 sq ft than those inclioated 
in this table. 
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design had. When the heat emission of the piping is not known, the 
net load to be considered for the boiler may be determined from Tables 1 
and 2. The difference between design load and net load represents an 
amount which is considered normal for piping loss of the ordinary heating 
system. * 

Boilers with less than 177 sq ft of heating surface and having SBI net 
ratings (steam) of not more than 3,000 sq ft if mechanically fired and 2,480 
sq ft if hand fired, are classified as residence size. An insulated residence 
boiler for oil, gas, or stoker firing may carry a net had expressed in square 
feet of steam radiation of not more than 17 times the square feet of heating 
surface in the boiler, provided the boiler has been tested in accordance with 
the SBI Code for Testing Oil-Fired Steel Boilers at output rates of 125, 
150, and 175 per cent of the SBI Net Rating. The SBI Net Rating 
(square feet steam) for hand-fired residence boilers is not greater than 14 
times the heating surface. If the heat loss from the piping system exceeds 
20 per cent of the installed radiation, the excess is to be considered as a 
part of the net had. 


Heating Surface and Grate Area Basis 


Where neither the net had nor gross output ratings based upon per- 
formance tests are available, a good general rule for conventionally de- 
signed boilers is to provide 1 sq ft of boiler heating surface for each 14 
sq ft of equivalent radiation (240 Btu per square foot) represented by the 
design load. This is equivalent to allowing 10 sq ft of boiler heating 
surface per boiler horsepower. In this case it is assumed that the maximum 
had including the warming-up allowance will be provided for by operating 
the boiler in excess of the design had, that is, in excess of the 100 per cent 
rating on a boilei'-horsepower basis. SBI ratings for hand firing are based 
on 10 s(i ft of heating surface per boiler horsepower. 

Due to the wide variation which may be encountered in manufacturers’ 
ratings for boilers of approximately the same capacity, it is advisable to 
check the grate area required for heating boilers burning solid fuel by 
means of the following formula: 


a 


H 

CX FX K 


( 1 ) 


where 


G = grate area, square feet. 

I! = required gross output of the boiler, Btu per hour (see Selection of Boilers). 

C =* desirable combustion rate for fuel selected, pounds of dry coal per square foot 
of grate per hour (see Table 5) . 

F =* calorific value of fuel, Btu per pound. 

E = efficiency of boiler, usualh’ taken as (1.60. 

Example 1, Determine the grate area for a required gross oulput of the boiler of 
5(X),000 Btu per hour, a combustion rate of 6 lb per hour, a calorific value of 18,000 
Btu per pound, and an efficienc\' of 60 per cent. 


500,000 

6 X 13,000 X 0.60 


10.7 sq ft 


The boiler selected should have a grate area not less than that determined 
by Equation 1 . With small boilers, where it is desired to provide sufficient 
coal capacity for approximately an eight-hour firing period plus a 20 per 
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cent reserve for igniting a new charge, more grate area may be required 
depending upon the depth of the fuel pot. 

Gas-Fired Boilers 

After determining the net load for the installation, gas designed boilers 
can usually be selected from manufacturers’ tables of net load ratings which 
are based on piping and pickup allowances varying from 56 per cent for 
boilers of 200 sq ft and less to 35 per cent for boilers of 4000 sq ft and larger. 
If the piping and pickup load or other factors create an unusual load, a 
boiler should be selected which has an A.G.A. output rating equal to the 
maximum output required. Detailed recommendations for selection of 
gas designed boilers are given in the A.G.A. publication, Comfort Heating®. 

SPACE LIMITATIONS 

Boiler rooms should, if possible, be situated at a central point with 
respect to the building and should be designed for a maximum of natural 
light. The space in front of the boilers should be sufficient for firing, stok- 
ing, ash removal and cleaning or renewal of flue tubes, and should be at 
least 3 ft greater than the length of the tubes. 

A space of at least 3 ft should be allowed on at least one side of every 
boiler for convenience of erection and for accessibility to the various damp- 
ers, cleanouts, and trimmings. The space at the rear of the boiler should 
be ample for the chimney connection and for cleanouts. With large boilers 
the rear clearance should be at least 3 ft in width. 

The boiler room height should be sufficient for the location of boiler 
accessories and for proper installation of piping. In general the ceiling 
height for small steam boilers should be at least 3 ft above the normal 
boiler water line. With vapor heating, especially, the height above the 
boiler water line is of vital importance. 

CONNECTIONS AND FITTINGS 

Steam outlet connections should be the full size of the manufacturers’ 
tappings in order to keep the velocity of flow through the outlet reasonably 
low and to avoid fluctuation of the water line and undue entrainment of 
moisture, and should extend vertically to the maximum height available 
above the boiler. A steam velocity in boiler outlets not exceeding 25 to 
30 fps at maximum load is recommended unless data are available to show 
that a higher velocity is satisfactory. 

Particular attention should be given to fitting connections to secure con- 
formity with the ASME Boiler Construction Code for Low Pressure Heat- 
ing Boilers. Attention is called in particular to pressure gage piping, 
water gage connections, and safety valve capacity. 

Where a return header is used on a cast-iron sectional boiler to distribute 
the returns to both rear tappings, it is advisable to provide full size plugged 
tees instead of elbows where the branch connections enter the return tap- 
pings. This facilitates cleaning sludge from the bottom of the boiler sec- 
tions through the large plugged openings. An equivalent cleanout plug 
should be provided in the case of a single return connection. 

Blow-off or drain connections should be made near the boiler and so 
arranged that the entire system may be drained of water by opening the 
drain cock. In the case of two or more boilers separate blow-off connec- 
tions must be provided for each boiler on the boiler side of the stop valve 
on the main return connection. 

Water service connections must be provided for both steam and water 
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boilers, for refilling and for the addition of make-up water to boilers. This 
connection is usually of galvanized steel pipe, and is made to the return 
main near the boiler or boilers. 

For further data on pipe connections for steam and hot water heating 
systems, see Chapter 23 and 24 and tfie ASME Boiler Construction Code 
for Low Pressure Heating Boilers. 

Smoke Breeching and Chimney Connections. The breeching or smoke 
pipe from the boiler outlet to the chimney should be air-tight and as short 
and direct as possible, preference being given to long radius and 45-deg 
instead of 90-deg bends. The breeching entering a brick chimney should 
not project beyond the flue lining and where practicable it should be grouted 
from the inside of the chimney. A thimble or sleeve usually is provided 
where the breeching enters a brick chimney. 

Where a battery of boilers is connected into a breeching each boiler 
should be provided with a tight damper. The breeching for a battery of 
boilers should not be reduced in size as it goes to the more remote boilers. 
(fOod connections made to a good chimney will usually result in a rapid 
response by the boilers to demands for heat. 

ERECTION, OPERATION, AND MAINTENANCE 

The directions of the boiler manufacturer should always be read before 
the assembly or installation of any boiler is started, even though the con- 
tractor may be familiar with the boiler. All joints requiring boiler putty 
or cement which cannot be reached after assembly is complete must be 
finished as the assembly progresses. 

Five precautions that should be taken in all installations to prevent 
damage to the boiler are: 

1. There should be provided proper and convenient drainage connections for use if 
the boiler is not in operation during freezing weather. 

2. Strains on the boiler due to movement of piping during expansion should be 
prevented by suitable anchoring of piping and by proper provision for pipe expansion 
and contraction. 

3. Direct impingement of too intense local heat upon any part of the boiler surface, 
as with oil burners, should be avoided by protecting the surface with firebrick or 
other refractory material. 

4. Condensation in steam systems must flow back to the boiler as rapidly and uni- 
formly as possible. Return connections should prevent the vrater from backing out 
of the boiler. 

5. Automatic boiler feeders and low water cut-off devices w'hich shut off the source 
of heat if the water in the boiler falls below a safe level are recommended for 
mechanically fired boilers. 

Boiler Troubles 

A complaint regarding boiler operation generally will be found to be 
due to one of the following : 

1. The boiler fails to deliver enough heat. The cause of this condition may be: (a) 
poor draR; {b) poor fuel; (c) inferior attention or firing; (d) boiler too small; (c) im- 
proper piping; (/) improper arrangement of sections; (g) heating surfaces covered 
with soot; ih) insufficient radiation installed; and (i) w'ith mechanical firing, fuel 
burning equipment too small. 

2. The water line is unsteady. The cause of this condition may be: (a) grease and 
dirt in boiler; {b) w'ator column connected to a very active section and^ therefore, not 
showing actual water level in boiler; and (c) boiler operating at excessive rate of out- 
put. 

3. Water disappears from gage glass. This may be caused by: (a) priming due to 
grease and dirt in boiler; (6) too great pressure difference between supply and return 
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piping preventing return of condensation; (c) valve closed in return line; (d) connec- 
tion of Dottom of water column into a very active section or thin waterway; and (e) 
improper connections between boilers in battery permitting boiler with excess pres- 
sure to push returning condensation into boiler with lower pressure. 

4. Water is carried over into steam main. This may be caused by: (a) grease and 
dirt in boiler; (6) insufficient steam dome or too small steam liberating area; (c) outlet 
connections of too small area; (d) excessive rate of output; and (e) water level carried 
higher than specified. 

5. Boiler is slow in response to operation of dampers. This may be due to: (a) poor 
draft resulting from air leaks into chimney or breeching; (6) inferior fuel; (c) inferior 
attention; (d) accumulation of clinker on grate; and (e) boiler too small for the load. 

6. Boiler requires too frequent cleaning of flues. This may be due to : (a) poor draft ; 
(6) smoky combustion; (c) too low a rate of combustion; and (d) too much excess air 
in firebox causing chilling of gases. 

7. Boiler smokes through fire door. This may be due to : (o) defective draft in chim- 
ney or incorrect setting of dampers; (6) air leaks into boiler or breeching; (c) gas out- 
let from firebox plugged with fuel; (d) dirty or clogged flues; and (e) improper reduc- 
tion in breeching size. 

8. Low carbon dioxide. This may be due on oil burning boilers to: (a) improper 
adjustment of the burner; (6) leakage through the boiler setting; (c) improper fire 
caused by a fouled nozzle; or (d) to an insufficient quantity of oil being burned. 

Cleaning Boilers 

All boilers are provided with flue clean-out openings through which the 
heating surface can be reached by means of brushes or scrapers. Flues of 
solid fuel boilers should be cleaned often to keep the surfaces free of soot 
or ash. Gas boiler flues and burners should be cleaned at least once a 
year. Oil burning boiler flues should be examined periodically to deter- 
mine when cleaning is necessary. 

The grease used to lubricate the cutting tools during erection of new pip- 
ing systems serves as a carrier for sand and dirt, with the result that a scum 
of fine particles and grease accumulates on the surface of the water in all 
new boilers, while heavier particles may settle to the bottom of the boiler 
and form sludge. These impurities tend to cause foaming, preventing 
the generation of steam and causing an unsteady water line. 

This unavoidable accumulation of oil and grease should be removed by 
blowing off the boiler as follows: If not already provided, install a surface 
blow connection of at least ll in. nominal pipe size with outlet extended to 
within 18 in. of the floor or to sewer, inserting a valve in line close to boiler. 
Bring the water line to center of outlet, raise steam pressure, and while 
fire is burning briskly open valve in blow-off line. When pressure recedes, 
close valve and repeat process adding water at intervals to maintain proper 
level. As a final operation bring the pressure in the boiler to about 10 
lb, close blow-off, draw the fire or stop burner, and open drain valve. After 
boiler has cooled partly, fill and flush out several times before filling it to 
proper water level for normal service. The use of soda, or any alkali, 
vinegar or any acid is not recommended for cleaning heating boilers be- 
cause of the difficulty of complete removal and the possibility of subsequent 
injury, after the cleaning process has been completed. 

Insoluble compounds have been developed which are effective, but 
special instructions on the proper cleaning compound and directions for its 
use, as given by the boiler manufacturer, should be carefully followed. 

Care of Idle Heating Boilers 

Heating boilers are often seriously damaged during summer months 
due chiefly to corrosion resulting from the combination of sulfur in the 
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soot with the moisture in the cellar air. At the end of the heating season 
the following precautions should be taken: 

1. All boating surfaces should be cleaned thoroughly of soot, jish and residue, and 

the heating surfaces of stool boilers should pc given a coating of lubricating oil on the 
fire side. * 

2. All machined surfaces should be coated with oil or grease. 

3. Connections to the chimney should be cleaned and in case of small boilers the 
pipe should be placed in a dry place after cleaning. 

4. If there is much moisture in the boiler room, it is desirable to drain the boiler to 

C revent atmospheric condensation on the heating surfaces of the boiler when they are 
elow the dew-point temperature. Due to the hazard that some one may inadvert- 
ently build a fire in a dry boiler, however, it is safer to keep the boiler filled with 
water, particularly in residential installations. Air can be excluded from a steam 
boiler by raising the water level into the steam outlets. A hot water system usually is 
left filled to the expansion tank. 

5. The grates and ashpit should be cleaned. 

6. Clean and repack the gage glass if necessary. 

7. Remove any rust or other deposit from exposed surfaces by scraping with a wire 
brush or sandpaper. After boiler is thoroughly cleaned, apply a coat of preservative 
paint where required to external parts normally painted. 

8. Inspect all accessories of the boiler carefully to sec that they are in good work- 
ing order. In this connection, oil all door hinges, damper bearings, and regulator 
parts. 


WARM AIR FURNACES 

Warm air heating furnaces of a number of types and a wide range of 
sizes are listed and illustrated in the Catalog Data Section. 

Warm air furnaces may be classified in several different ways: 

1. According to method of heat distribution — these arc either gravity or mechani- 
cal (blower) furnaces. 

2. According to fuels for which the furnaces are design(‘d — these are coal hand- 
fired or stoker-nred, oil, gas, or wood. 

3. According to materials of construction — they are cast-iron, low carbon steel, 
and occasionally high temperature steel alloys. 

4. According to design or construction, such as drum and radiator, tubular, hori- 
zontal, etc. 

Gravity Warm Air Furnaces 

A gravity furnace is one in which the motive head producing air flow 
depends upon the difference in density between the heated air leaving the 
t op of the casing and cooled air entering the bottom of the casing. Since 
this gravity head is relatively low, the furnace must have low internal re- 
sistance to the flow of air and relatively large areas must be available for 
free circulation within the furnace casing. It is common practice to pro- 
vide approximately 50 per cent free air area through gravity type furnaces. 

Furnaces for gravity type systems arc available in designs suitable for 
central heating, pipeless furnace, or unit floor furnace installations. Booster 
fans are sometimes used in conjunction with gravity design systems, to in- 
crease air circulation. Where a fan is to be used with a furnace casing 
sized for gravity air flow, some form of baffling must be employed to re- 
strict the free area within the casing and to force impingement of the air 
against the heating surfaces. Where square casings are used, the corners 
must be baffled. 
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Mechanical Warm Air Furnaces 

Mechanical or forced warm air furnaces include fans or blowers as in- 
tegral parts for the purpose of circulating the air and usually include air 
filters. 

Centrifugal fans with either backward or forward curved blades are the 
type most commonly used. Motors may be mounted on the fan shaft or 
connected to the fan by a belt drive. Adjustable pulleys are desirable 
to provide means of regulating the quantity of air distributed to the heated 
spaces. Either the motor load or the noise considerations may limit the 
maximum operating fan speed. Two-speed motors have given successful 
operating results and are recommended. Motors and mountings must be 
carefully selected for quiet operation. Electrical conduit and water piping 
must not be fastened to, nor make contact with the fan housing. 

Filters 

Several types of filters are available for mechanical warm air furnace 
applications and are discussed in Chapter 33. For maximum efficiency 
and life under operating conditions, filters should not be subjected to a 
temperature in excess of 150 F. Filters should have at least 80 per cent 
average efficiency on an 8-hr test at a maximum resistance of 0.25 in. of 
water. Filter resistance rises rapidly with the accumulation of dirt, and 
may reduce the air circulation over heating surfaces. In domestic fur- 
naces, the maximum velocity, based on nominal filter area, should not 
exceed 300 fpm. 

Fuel Utilization 

A combustion rate of from 5 to 8 lb of coal per (square foot of grate) 
(hour) is recommended for residential furnaces. A higher combustion rate 
is permissible with larger furnaces for buildings other than residences, 
depending upon the ratio of grate surface to heating surface, firing period, 
and available draft. 

In residential furnaces for coal burning, the ratio of heating surface to 
grate area will average about 20 to 1 ; in commercial sizes the ratio may be 
as high as 50 to 1, depending on fuel and draft. Furnaces may be installed 
singly, each furnace with its own fan, or in batteries of a number of fur- 
naces, using one or more fans. 

Where oil fuel is used, care must be exercised in selecting the proper 
size and type of burner for the particular size and type of furnace used. 
Furnaces for burning oil fuel are usually designed for blow-through in- 
stallations so that the pressure in the air space is higher than that in the 
combustion chamber or flues. The National Warm Air Heating and Air 
Conditioning Association has prepared a Tentative Code for Testing and 
Rating of Oil-Fired Furnaces. Compact fan-furnace-burner units are 
available, suitable for basement, closet, or attic installations. 

Gas-fired forced air furnaces should conform in construction and per- 
formance to A,G.A. Approval Requirements. 

Heavy Duty Fan Furnaces 

Fan furnaces for large commercial and industrial buildings, churches, 
schools, etc., are available in sizes ranging from 300,000 to 6,000,000 Btu 
per (hour) (unit). Heavy duty furnace heaters may be arranged in bat- 
tery combinations of one or more units. 

Most manufacturers of heavy duty furnaces rate their furnaces in Btu 
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per hour and also in the number of square feet of heating surface. Con- 
servative practice indicates that at no time in the heating-up period should 
the furnace surface be required to emit more than an average of 3500 Btu per 
square foot. A higher rate of heat emission tends to increase the heat loss 
up the chimney, and raise fuel consumption, to shorten the life of the 
furnace, and to overheat the air. The ratio of heating surface to grate 
area of furnaces for this type of work should never be less than 30 to 1 and 
as indicated previously may run as high as 50 to 1. 

Control of temperature is secured through (1) controlling the quantity 
of heated air entering the room, (2) using mixing dampers, or (3) regulating 
the fuel supply. 

The design of heavy duty fan furnace heating systems is in many re- 
spects similar to that of the central fan heating systems described in Chap- 
ter 43. Ducts are designed by the method outlined in Chapter 41. 

MATERIALS AND CONSTRUCTION 
Cast-Iron Furnaces 

Cast-iron furnaces are made in a multiplicity of designs or shapes. For 
solid fuels they are generally of round sectional construction, the sections 
being cemented or bolted together. Various types of radiators for second- 
ary convection heat transfer are employed. Such radiators are of the 
circular, doughnut type, or tubular type. 

Cast-iron is frequently used in the construction of gas or oil-fired fur- 
naces, designs varying considerably with two general types in common use: 
multi-sectional type and those with single combustion chambers having 
auxiliary secondary surface. 

Cast-iron furnaces are made in capacities ranging from those for small 
insulated residence application with inputs of 40,000 Btu per hour or less, 
to capacities as large as 000,000 Btu per hour. 

Cast-iron furnaces are usually constructed with a minimum sectional 
thickness of J in. and effectively resist high temperatures and corrosion. 
They usually have a fairly large heat capacity because of their mass, which 
provides a distinct fly wheel or carry-over heating effect. 

Steel Furnaces 

Formed sheet steel construction is frequently used in furnace design. 
Welding, riveting, or both are used to join the formed metal. The use 
of steel castings, however, is rare, because of the cost, and because high 
stresses are not encountered in normal furnace construction. Types of 
design employed vary greatly, although perhaps the most common type 
consists of a drum and circumferential or rear radiator. Steel gas furnaces 
may also be sectional in design or may be combinations of common com- 
bustion chambers and sectional or tubular radiation surfaces connected to a 
flue gas collector. 

Steel furnaces are made in capacities ranging from 40,000 Btu per hour to 
capacities as large as 600,000 Btu. Steel furnaces have low heat capacities 
as a result of their relatively low mass and, therefore, deliver heat rapidly 
on demand. 


FURNACE RATING 

Warm air furnaces are generally rated in Btu per hour output at the bon- 
net (point of heat generation) or at the register (point of heat delivery). 
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Rating Equations for Gravity Warm Air Furnaces* 

Until a method of testing and rating gravity warm air furnaces has been 
developed, the following empirical rating equations are recommended by 
the National Warm Air Heating and Air Conditioning Association. 

Gravity warm-air furnaces of conventional design, having ratios (of 
heating surface to grate area) of 15 to 1 or greater, and having a ratio of 
casing area to face area not less than 0.4, are rated by the following equa- 
tions : 

a. Hand-fired furnaces Converted to Stoker, Gas, or Oil Firing. 

Bonnet Capacity in Btu per hour = 1785 n S x 1.333 (2) 

b. Hand-fired furnaces, with ratios of heating surface to grate area greater than 15 to 1 
and less than 26 to 1. 

Bonnet Capacity in Btu per hour = 1785 x S x 1.333 (3) 

c. Hand-fired furnaces with ratios of heating surface to grate area in excess of 26 to 1. 

Bonnet Capacity in Btu per hour =» 1785 x 25 x G x 1.333 (4) 

where 


S » heating surface, in square feet. 

G s actual grate area, in square feet. 

The Register Delivery Rating is equal to 0.75 x {Bonnet Capacity). The 
Leader Pipe Rating in square inches, formerly used as a rating unit, may be 
found by dividing the Register Delivery Rating by 136. 

Heating Surface of Furnace 

Prime heating surface is defined* as surface above the top of the grate 
having hot gases or live fuel on one side and circulating air over the other, and 
in all cases is measured on the exterior or air side. The areas of the outer 
casing, the inner liner, and any radiation shields shall not be considered as 
heating surface. 

In determining the amount of heating surface, extended surfaces are 
considered to be prime heating surface subject to the following limitations : 

1. Extended heating surface may consist of fins, ribs, webs, lugs, or other projec- 
tions from the prime heating surface. Projections less than i in. thick at the base 
and extending more than 1 in. from the prime surface are classified as fins. 

2. Integral fins are continuously welded to, or cast as a part of, the prime heating 
surface. Both sides are included as heating surface, subject to the following allow- 
ances : 


Distance from Prime Surface 

Ist inch 

2nd inch 

3rd inch 

Over 3 in. 

Ratio of Effective Area to 
Total Area 

1 

0.40 1 

1 

0.30 

0.20 

None 



3. Non-integral fins are spot welded to, or otherwise held in line contact with the 
prime heating surface. Both sides are included as heating surface, subject to the 
following allowances : 


Distance from Prime Surface . 

1st inch 

2nd inch 

3rd inch 

Over 3 in. 

Ratio of Effective Area to 
Total Area 

0.30 


0.15 

None 
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4. In the case of ribs, webs, or lugs more than } in. thick at the base and extending 
less than 1 in. from the prime surface, the entire surface in contact with circulating 
air is included as heating surface. 

5. In the case of ribs, webs, or lu^ more than i in. thick at the base and extending 
more than 1 in. from the prime heating surface the areas of both sides of the first inch 
arc included as prime heating surface, ^hc portions projecting beyond 1 in. are 
treated as integral fins. 

Grate Area 

Grate area is defined® and treated for purpose of rating as follows: 

1 . The nominal grate area is defined as the total cross-sectional area of the bottom 
of the firepot. In steel furnaces the nominal grate area is the cross-sectional area 
inside the firebrick lining. 

2. The actual grate area, used for calculating the ratios of heating surface to grate 
area, is the nominal grate area minus certain areas that cannot be considered as part 
of the grate itself. The following rules govern these deductions: (1) If a solid, con- 
tinuous ledge extends around the grate and inside the firepot, any area of this ledge 
extending inside of a circle, the diameter of which is 1 in. less than the diameter of the 
bottom of the firepot, shall be deducted. (2) If separate, solid projections extend 
from the firepot towards the grate, the areas of any portions of these projections ex- 
tending insicle of a circle, the diameter of which is 3 in. less than the diameter of the 
bottom of the firepot, shall be deducted. (3) In the case of grates which are inclined, 
or are conical, the projected area is the same as the nominal grate area. The latter 
should, therefore, be used after making any necessary deductions. 

Ratings for Forced Air Furnaces 

For solid fuel burning, forced air furnaces having bonnet capacities 
between 80,000 and 250,000 Btu per hour, no standard method of test has 
been accepted, although eventually such codes will be developed. The 
National Warm Air Heating and Air Conditioning Association recommends 
empirical equations similar to Equations 2, 3, and 4 for gravity furnaces, 
except that a constant of 2205 is used in place of the 1785. 

The following testing and rating codes have been generally accepted in 
the industry: 

Commercial Standards CS-109 -jU for rating solid fuel-burning, forced-air furnaces 
having bonnet outputs of 80,000 Btu per hour or less. This provides a method of rat- 
ing small coal-fired forced-air furnaces by test. 

A Tentative Code for Testing Oil-Fired Furnaces. This code has been adopted by 
the National Warm Air Heating and Air Conditioning Association for rating oil-firei 
furnaces by test. 

The American Gas Association method of rating gas-fired furnaces based upon per- 
formance under tests. This is described in the Approval Requirements for Central 
Heating Gas Appliances. 

Commercial Standards 113-44 is a method of rating oil-burning floor furnaces by 
test. 

Commercial Standard CS 104-4S is a method of rating warm air furnaces equipped 
with pot-type oil burners by test. 

Various codes covering the construction and performance of appliances as related 
to fire hazards have been developed bv Underwriter Laboratories, Inc. In addition, 
there are many municipal codes' ° which regulate construction and installation of 
furnace equipment. 

The yardstick of the National Warm Air Heating and Air Conditioning Association 
provides criteria for evaluating a furnace design and installation against industry 
accepted standards. 

FURNACE EFFICIENCY 

Hating formulas of the National Warm Air Heating and Air Conditioning 
Association are based on 55 per cent efficiency for gravity coal furnaces 
and 65 per cent efficiency for forced air coal furnaces. In the tentative 
Oil Testing Code the contemplated minimum efficiency is 70 per cent for 
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oil fired forced air furnaces. Gravity gas furnaces approved by the Ameri- 
can Oas Aasociatim are assigned a rating based on 75 per cent efficiency. 
All forced air gas-fired furnaces approved by American Gas Association are 
assigned a rating based on 80 per cent efficiency. 

DESIGN CONSIDERATIONS 

Considerations of prime importance in the design of warm air furnaces 
and some general suggestions to be observed in connection with each are 
as follows : 

1. Adequate heat transfer surface, 

a. Heat transfer rates of 2,000 to 4,500 Btu per (hour) (square foot) of heating 
surface may be obtained without unduly high metal temperatures. 

b. Fins, pins and bosses are frequently used to add surface and to break down 
superncial gas films, both on gas-to-metal and metal-to-air surfaces. 

c. Surface and stack (flue gas) temperatures are good indications of the amount 
and effectiveness of the heating surfaces. 

2. Safe and efficient combustion of fuel. 

a. Proper mixture of fuel and air is necessary for efficient combustion. This 
necessitates careful attention to the design of grates, nozzles, burners, air 
inlet areas and location, and combustion chamber baffling. 

b. Regulation of the quantity and the distribution of the air for combustion 
should be provided by use of check dampers, draft regulators, draft hoods, 
air shutters and air orifices. 

c. Total draft loss through appliances should not exceed that available from 
chimneys which would normally be obtainable in the size of building which 
the appliance will supply with heat. 

d. The use of ignition safety devices such as safety pilots, hold-fire controls, 
and the like is recommended. 

3. Fuel Capacity of Appliance. 

a. With solid fuels adequate coal capacity should be provided for at least 5 hr of 
operation at the maximum rated combustion rate. 

4. Adequate circulation of air over heating surface. 

a. In gravity furnaces, free air space between ciising and heat exchanger should 
be great enough to permit free flow over all surfaces. 

b. Forced air furnace design must include fans having proper capacity and suit- 
able performance characteristics. Internal static pressures must be mini- 
mized without losing the advantages of high velocity circulation over the 
heat exchanger surfaces. 

c. The air flow over the heating surface must be directed to obtain maximum 
efficiency and to eliminate hot spots and air noises. 

d. Air velocities at bonnet should not be much in excess of 1,000 fpm and air 
temperature distribution at the furnace outlet should be uniform within 
approximately ± 30 deg. 

5. Durability. 

a. A minimum metal weight for gas-fired heat exchangers is established as No. 
20 U.S. Gage for plain carbon steel by the A .G.A. Approval Requirements for 
Central Heating Gas Appliances with some municipal codes specifying 18 
gage. Cast-iron sectional thicknesses of i in. to i in. arc recommended. 

b. Added strength and reinforced designs may be required to preclude damage 
in shipment, burning out from overfiring, or corrosion from condensation. 

c. Maximum heat exchanger surface temperatures which may be used vary with 
the metal. The American Gas Association Approval Requirements for Cen- 
tral Heating Gas Appliances specify a maximum of 875 F for cast-iron or steel 
gas furnaces, and the National Bureau of Standards (JS 109-44 Code for Forced 
Air Solid Fuel -Burning Furnaces specines 1000 F as a maximum surface tem- 
perature. These temperatures define the range in which oxidation of non- 
alloy ferrous metal begins. The use of proper alloy additions increases the 
temperature resistance properties of metals. 

d. Casing temperatures should be controlled so that they do not become 
hazards to burn those who touch them, or to create fires. 
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6. Serviceability. 

a. Those parts of the furnace which may be subject to soot, fly-ash, or conden- 
sation deposits should be accessible for cleaning. 

b. Parts which may require adjustments or replacements, such as grates, baffles, 
liners, controls, should be remoYable. 

c. Furnaces should be so designed that they can be'installed with a minimum 
of difficulty. 

7. Control. 

a. Thermostatic controls of various types should be used to correlate space 
temperatures with unit operation. 

b. Controls should be provided wherever possible, to prevent the occurrence of 
excessive temperatures or other conditions in any part of the unit which 
might cause unsafe operation. 

8. General design considerations, 

a. Furnace casings are normally constructed of formed and painted sheet steel 
or of galvanized iron. The casing should be protection from excessive radia- 
tion losses and temperatures by use of insulation or sheet steel air space 
liners. Liners should extend from the grate level to the top of the furnace 
and should be spaced from 1 in. to 1) in. from the outer casing. 

b. The hood or bonnet of the casing above the furnace should be as high as base- 
ment conditions will allow, to form a plenum chamber over the top of the 
furnace. This tends to equalize the pressure and temperature of the air 
leaving the bonnet through the various openings. It is generally considered 
advisable to take off the warm air pipes from the side of the bonnet near the 
top, as this method of take-off allows the use of a higher bonnet and thus 
provides a larger plenum chamber. 

c. Warm air outlet and return air connections should be designed so that the 
ductwork may be easily attached. A } in. flange is normally used for this 
purpose. 

d. Suitable provision shall be made in appliances so that the controls and 
humidiflcrs may be installed in the proper location. When these auxiliary 
units are installed in the ductwork, detailed instructions should be provided 
to insure their proper location. 

e. The flue connection should be of integral flue pipe size and provision should 
be made to attach the flue pipe to the flue outlet of the furnace. 

HUMIDIFICATION EQUIPMENT 

Water evaporating pans are usually located in air which has been heated 
by contact with the heating surfaces. To change water into vapor cap- 
able of being carried in an air stream as part of the mixture, about 1000 
Btu per pound are required. There is a trend in present practice toward 
heating the water in addition to heating the air. Equipment for doing 
this may make use of sprays, or it may take the form of water circulating 
coils placed within the combustion chamber and connected by pipes to the 
humidifier pans where a constant water level is maintained by some separate 
float device. All humidifiers require provision for removal of dirt and lime. 

SPACE HEATERS 

Space heaters may be classified in several ways, such as: 

1. By the type of fuel used as coal, wood, gas, and fuel oil. 

2. According to the method of heat distribution as circulators or radiant types. A 
radiant heater is one in which the heat exchanger surface is exposed directly to the 
room atmosphere, and the generated heat is dissipated primarily by radiation. A 
circulating neater is essentially a jacketed radiant heater from which circulation of 
room air is promoted by the chimney effect caused by the movement of air passing 
upward between the jacket and heat exchanger surface. 

3. According to method of design for particular fuel types, such as: (a) surface — 
fired and magazine-feed for solid fuels, (b) vaporizing pot type and blue flame heater 
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for oil, and (c) vented and unvented heaters for gas. (The type of gas burner de< 
sign, such as, injection, yellow flame, power, and pressure, may fuso be mentioned.) 

SOLID FUEL-FIRED HEATERS 

Surface fired heaters normally have a front firing door and are operated 
with relatively shallow fuel beds. A m^azine feed heater includes a deep 
reservoir of fuel to lenghten the attention intervals. In a true magazine 
feed heater the rate of fuel ignition would be equal to the rate of burning ; 
and self -feeding should operate to move the unburned fuel by gravity flow 
from the magazine section into the hearth area. However, the ideal 
balance between rate of ignition and rate of burning is virtually impos- 
sible to attain for any solid fuel under normal usage, although self- 
feeding may be obtained with wood and some free burning coals. Thus, a 
magazine-type space heater is essentially a deep surface-fired heater, its 
principal difference being increased fuel capacity. 

Materials and Construction 

There is no accepted code governing the construction of solid fuel burn- 
ing space heaters. In past years cast iron was used predominantly in the 
construction of coal and wood heaters, with the exception of the so called 
air tight heaters designed as low cost wood burning units with little con- 
sideration for long life, and stoves were priced on a poundage basis. The 
present trend is toward fabricated steel parts and welded assemblies, al- 
though cast iron is still used for grates, firebox liners, and parts subject to 
high temperatures. Refractory firebox liners are also used quite exten- 
sively. 

Formed sheet steel is used predominantly for the outer jacket of circula- 
tor heaters, although heaters with outer casings formed from cast iron are 
still readily available. Circulator cabinets normally have surfaces finished 
with a porcelain enamel, while the casing of a radiant heater is finished with 
an air dried japan or a baked enamel. 

Both welding and stove bolts are used in unit assembly, and stove cement 
is used on section joints to prevent air leakage. This latter is extremely 
important to obtain a low rate of combustion when desired. 

Testing and Rating 

There is no accepted code governing the method of testing and rating 
solid fuel space heaters. A tentative procedure, TS-3443, has been issued 
by the Division of Trade Standards, National Bureau of Standards but is 
based on use of anthracite as a rating fuel although bituminous coals are 
used predominantly as heating fuels. This procedure which has been 
the basis of published ratings consists of determining the heater output, 
expressed in Btu per hour, by the indirect method in which the measurable 
heat losses: (1) loss due to moisture in the fuel, (2) loss due to heat in the 
dry flue gases, (3) loss due to unburned carbon monoxide, (4) loss due to 
unburned combustible in the ash and refuse, and (5) unaccounted for losses, 
are measured by test and subtracted from the heat input. The difference 
multiplied by the burning rate in pounds per hour is the heater output. 

When using anthracite as the rating fuel, the unaccounted for loss has 
been assiuned to be zero. It has been accepted practice to use a 20 per cent 
allowance for the unaccounted for losses when burning a bituminous coal. 
The value of this factor is under study at the present time but no published 
data are available. 

No allowance is made for a radiation loss, as this is useful heat. 
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Design Considerations 

Some important considerations in the design of solid fuel space heaters 
are: 


1. Suitable protection by bafHing or insulation against overheating of floors and 
walls. 

2. Tight heater construction to prevent air leakage and to enable maintenance of 
a suitably low minimum burning rate. This includes a ground, paper tight joint 
between the ashpit door and door frame. 

3. Sufficient free air space between the casing and heat exchanger of circulating 
heaters to permit free air flow over all surfaces and maintain a suitably low casing 
temperature. 

4. Protection of all metal parts from deterioration due to high temperature. This 
may be accomplished by: (a) fabrication of certain parts from cast iron or an alloy 
iron, (b) protection by a refractory liner, (c) use of high temperature enamel 
coatings, (d) directing air against hot spots. 

5. Proper admission of secondary air to complete the combustion process. Care 
should be taken to prevent this air from also functioning as primary air. 

6. Strength in assembly to prevent transportation and use damage. 

Considerable work has been directed in the past few years toward im- 
provement of the performance of bituminous coal fired space heaters, with 
particular reference to smokeless operation under conditions of normal 
operation such as obtained in homes. 

OIL HEATERS 

Vaporizing pot type oil heaters consist of: (1) a metal pot in the bottom 
of which the oil is vaporized, the vapors burning at or near the top of the 
pot, (2) a secondary combusion chamber, or heat exchanger, in which 
combustion is completed. The flue connection is made to this chamber or 
through a second heat exhanger which may be of the diving flue type 
installed to increase efficiency. The burner may be designed for operation 
both with and without mechanical draft. 

Blue flame oil burners differ from the pot type variety in that removable 
perforated sleeves are provided above an oil pan instead of a metal pot, and 
lighting rings or kindlers are used for easy lighting. 

Both types of oil burners operate by the burning of the oil vapor rather 
than the oil itself, the oil being first fed to a chamber in which the oil is 
entirely vaporized, then mixed with air introduced through suitably lo- 
cated ports and burning at the top of the pot or perforated sleeves. Such 
heaters are designed to burn No. 1 oil (See Table 4, Chapter 16) or kero- 
sene (coal oil). At no time should oil heavier than that for which the 
burner is designed be used, as heavier oils may cause excessive carboniza- 
tion in the burner or fuel feed line. 

Materials and Construction 

Formed sheet steel and welded assemblies are used primarily in oil heater 
construction. Standards governing construction which have been gen- 
erally accepted are: 

1. Commercial Standard for Flue -Connected Oil Burning Space Heaters equipped 
with Vaporizing Pot Type Burners, CSlOl-43, (National Bureau of Standards), 

2. Standard for Oil-Burning Stoves, Subject 896, (Underwriters* Laboratories^ 
Inc,), 

3. Standard for Construction and Performance of Oil Burners for Installation in 
Stoves and Ranges, Subject 865, (Underwriters* Laboratories^ Inc,), 

Some States or municipalities have codes which apply locally, but these 
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usually apply primarily to installation and the Underwriters’ Laboratories 
label of approval is sufficient to cover acceptance of the unit. 

Testing and Rating 

Commercial Standard CSlOl-43 is intended to provide a uniform stand- 
ard method for ascertaining the maximum practical heat output in Btu 
per hour of flue-connected oil-burning space heaters under approximately 
normal service conditions. This method is based upon the following 
equations: 


Hr - A - B 

(6) 

and 


E - Hr/ A 

(6) 

where 


A « total heat of fuel used 

B -■ heat lost in flue gases 

Hr » net heat delivered to the room 

E « unit efficiency 



The following minimum performance requirements are stipulated: 

1. Adequate provision for ease of lighting and insurance against loss of ignition 
prior to heating of burner. 

2. Ease of operation of controls. 

3. Proper operation of burner without excessive carbonization with grades of oil 
recommended by the manufacturer. 

4. The heater shall be capable of passing the 6 per cent ICHAM smoke test. 

5. The heater shall be capable of operating with an overall efficiency of not less 
than 70 per cent under conditions of test, or at a lower stack draft recommended by 
the manufacturer. 

Design Considerations 

Some factors important in the design of oil-burning heaters are: 

(1) Proper pitch of oil lines from the sump to the burner, thus preventing vapor 
and air lock. 

(2) Proper positioning of the oil sump to maintain the proper oil level in 
the burners if factoiy assembled. 

(3) Tight construction, not only of oil lines, but of oil tank, sump, and burner to 
prevent a hazardous condition due to oil leakage. 

(4) Provision for leveling and aligning the entire stove for maintenance of proper 
operation. 

(5) Provision of a draft regulator to prevent abnormal draft fluctuations. 

(6) Proper shielding of an attached fuel oil supply tank to prevent excessive oil 
temperatures. 

(7) All metal parts subjected to the corrosive action of the oil shall be made of non- 
corrodible metal or of metal suitably coated to resist corrosion. 

(8) The heater should have suitable baffling or insulation to prevent overheating 
of floors and walls. 

(9) Strength in assembly to prevent transportation and use damage. 

GAS HEATERS 

Vented gas heaters are defined as those capable of removing 90 per cent 
of the flue gases through a single flue outlet. All heaters having a gas in- 
put rating in excess of 50,000 Btu per hour must be of the vented type in 
order to meet ASA Approval Requirements for Gas Space Heaters^^ 
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Space heaters may be classified by burner type as follows : 

1. Injection Burner type which employs the energy of a jet of gas to inject air for 
combustion into the burner and mix it with the gas. 

2. Yellow Flame Burner type in which secondary air oij^ly is depended on for the 
combustion of the gas. 

3. Power Burner type in which either gas or air or both are supplied at i>ressures 
exceeding, for gas, the line pressure; and for air, atmospheric pressure, this added 
pressure being applied at the burner. 

4. Pressure Burner type in which an air-gas mixture is supplied under pressure. 
Materials and Construction 

Standards covering materials and accessories used in the construction 
of gas heaters are described in ASA Approval Requirements for Gas Space 
Heaters^^ and in applicable Listing Requirements^^ 

Efficiency Requirement 

Vented space heaters having input ratings in excess of 20,000 Btu per 
hour are required to have a heating efficiency of not less than 70 per cent^^, 
based on the total heating value of the gas. Vented space heaters having 
input ratings of 20,000 Btu per hour or less are required to have a heating 
efficiency of not less than 65 per cent^^ These efficiencies are based upon 
the following equation: 


where 


100 - - X 100 
9 


q hourly gas heat input, Btu per hour 

Ht heat above room temperature carried away by the flue products, Btu per 
hour. 

et heating efficiency, per cent 

Radiant heaters are required to have a radiant efficiency of not less than 
28 per cent. 

Design Considerations 

Some factors important in the design of gas heaters are: 

1. Prcmer design of the burner head, port sizes and locations so that the flame will 
not lift, float, or flash back, and be excessively noisy in operation. 

2. Proper venting of combustion chamber for relief of forces resulting from igni- 
tion of an explosive mixture of gas and air. 

3. Protection of valve handles to prevent excessive temperature rise during opera- 
tion. 

4. Insulation and baffling of heater to prevent over-heating of walls and floor. 

SPECIAL FEATURES 

Some special design features found (on all types of space heaters are: 

(1) Circulating heaters can be equipped with small electric fans for increased room 
air circulation. 

(2) Water evaporation pans are provided on some heaters, located in air which 
has been heated by contact with the heating surfaces. 

(3) Thermostatic control of primary air admission, and oil or gas flow, dependent 
upon type of fuel used. 
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INSTALLATION 

The two most important considerations involved in the installation of a 
space heater are safety and chimney draft. 

A thorough examination should be made of the chimney prior to con- 
necting the heater, as too often chimney faults, such as loose brick, broken 
tile, cracks, and open cleanouts, are the cause of poor performance rather 
than the heater itself. Some installation procedures for obtaining the 
most available chimney draft are : 

1. Repair the chimney before installing the heater by replacing all broken brick or 
tile, sealing cracks and open cleanouts. 

2. Place the heater as close as possible to the chimney outlet to avoid long hori- 
zontal runs of stovepipe. 

3. Seal the joints between each length of stovepipe, and slope the horizontal sec- 
tions approximately one inch per foot upward toward the chimney. 

4. Do not have any section of stovepipe higher than the point of entry into the 
chimney. 

5. If external factors such as trees or buildings overhanging the top of the chimney 
might create a downdraft condition, use a downdraft header of suitable design if 
necessary. 

6. A barometric type check damper should be used where excessive or fluctuating 
drafts are encountered. 

The following are some necessary installation safety precautions that 
should be observed : 

1. If the stovepipe must pass through a combustible partition a suitable insulating 
thimble should be provided. 

2. The heater should be placed at distances from combustible partitions as stipu- 
lated by the manufacturer, and a non combustible floor board should be provided. 

3. Safe provision for storage of fuel oil should be assured, and all oil lines should 
be tested for tightness. 

4. All gas lines and connections should be tested for tightness. 
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A DRAFT, in the older sense, is a current of air and the draft of a furnace 
or boiler is that air current which flows through the fire-box and 
furnishes the oxygen for combustion. In engineering, however, the word 
draft has come to mean that pressure difference which causes this air cur- 
rent to flow and the word will be used in this sense in this chapter. 

Draft is usually measured in inches of water and it is proper to speak of 
the draft in the fire-box or in the smoke breeching, etc., meaning the differ- 
ence in pressure between the gases within and the air without those parts 
of a system. Draft is called positive when the pressure within such a 
part is less than that outside. 

Draft is classified as natural and mechanical, depending on whether it is 
produced by a chimney or by a blower, and mechanical draft is further 
classified as induced or forced, depending on whether the air is drawn 
through or forced through the combustion chamber. 

Chimneys can serve both to create a draft and to dispose of combustion 
products at a desirable height. For the latter purpose, chimneys, stacks, 
or, in the case of ships, funnels, are used in conjunction with mechanical- 
draft systems. 

THEORETICAL DRAFT 

If the air in one of two equal chimneys is heated while that in the other 
is not, the air in the heated chimney will be less heavy than that in the 
other chimney and a manometer or other pressure gage connecting the 
two at the bottom will indicate a pressure difference, called natural draft. 
The pressure of the air at the tops of the two chimneys will be equal, so 
that the pressure difference between them at the bottom will depend only 
on their height and the difference in density of the air they contain. The 
density of the air in either chimney is inversely proportional to its absolute 
temperature, so that the difference in pressure between them at the bot- 
tom will be proportional to their height and to the difference between the 
reciprocals of the absolute temperatures within them. 

The pressure at the bottom of an unheated (and uncooled) chimney will 
be the same as that of the air outside, so that the unheated chimney can be 
dropped from the foregoing illustration. The manometer reading will be 
the same if its free connection is left open to the atmosphere. 

These considerations in conjunction with those of barometric pressure 
and the difference in density of flue gases from that of air lead to the fol- 
lowing formula : 


W. W, 
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where 

H >■ height of chimney, feet. 

Bo ■■ existing barometric pressure, inches of murcury. 

Wo density of air at 0 F and 1 atmosphere pressure, pounds per cubic foot. 

Wo « density of flue gas at 0 F and 1 atmosphere pressure, pounds per cubic foot. 

To « temperature of air surrounding the chimney, Fahrenheit degrees absolute. 

To average or effective temperature of the gases in the chimney, Fahrenheit 
degrees absolute. 

The quantity Dt, yielded by the formula, is the pressure difference be- 
tween the gas inside and air outside of the chimney, in inches of water, 
when no flow occurs in the chimney. The quantity is variously known as 
the theoretical draft, the static draft or the computed draft. It is very 
useful in predicting and analyzing chimney performance, but it is seldom 
if ever attained in an actual chimney because of the friction incident to 
gas flow, wind effects, etc. 


AVAILABLE DRAFT 


The available draft, for large chimneys and stacks has been estimated 
with apparent satisfaction in the past by means of formulas which in effect 
deduct an estimated friction loss from a theoretical draft determined as in 
Equation 1. The friction loss can be estimated by means of one of the 
formulas available for ducts, such as the Fanning equation. This pro- 
cedure results in formulas for the available draft as follows : 

For a cylindrical stack: 


Do 


2.96 BB, 


qj 

\To To) 


0.00126 

f)^BoW7 


( 2 ) 


and for a rectangvlar stack: 


where 


Do = 2.96 HB, 


\To To) 


0. 000388H^»r e/L (g + y ) 

xy^BoWo 


(3) 


Do available draft, inches water gage. 

H « height of chimney above grate, feet. 

Bo existing barometric pressure, inches of mercury. 

Wo “ density of air at 0 F, 1 atmosphere pressure. 

Wo density of flue gas at 0 F, 1 atmosphere pressure. 

To temperature of atmosphere, Fahrenheit degrees absolute. 

To ■■ temperature of flue gas, Fahrenheit degrees absolute. 

W *■ flue gas flow rate, pounds per second. 

/ coefficient of friction. 

L ■■ length of friction duct (approximately equal to H) , feet. 

D minimum diameter of round chimney, feet. 

X and y » length and width of cross-section of rectangular chimney, feet. 

The following notes facilitate the use of Equations 2 and 3. 

1. The barometric presaurCf represented by Bo, is the actual pressure at the site of 
the chimney and not the pressure reduced to sea level datum. 
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In general, the barometric pressure decreases approximately 0.1 in. Hg per 100 ft 
increase in elevation. 

2. The unit weight of a cubic foot of chimney gases at 0 F and sea level barometric 
pressure is given by the equation: 

IF. - O.lSlCOs 4 0.09502 + 0.088iVi (4) 

In this equation COt, O 2 and Ni represent the percentages of the parts by volume of 
the carbon dioxide, oxygen and nitrogen content, respectively, of the gas analysis. 
For ordinary operating conditions, the value of IF. may be assumed at 0.09. 

The density effect on the chimney gases due to superheated water vapor resulting 
from moisture and hydr^en in the fuel, or due to any air infiltration in the chimney 
proper is disregarded. Though water vapor content is not disclosed by Orsat analy- 
sis, its presence tends to reduce the actual weight per cubic foot of chimney gases. 

3. The atmospheric temperature is the actual observed temperature of the outside 
air at the time the analysis of the operating chimney is made. The mean atmospheric 
temperature in the temperate zone is approximately 62 F. 

4. The chimney gae ternperature decreases from the breeching connection to the top 
of the stack. This drop in temperature depends upon the material and construction 
of the stack, its tightness or freedom from leaks, its area, its height, and the velocity 
of the ^ases through it. The same chimney will suffer different temperature losses 
dependmg upon the capacity under which it is working and the variable atmospheric 
conditions. No general eouation covering all these variables has been suggested, 
but from observations on cnimneys varying in diameter from 3 to 16 ft and in height 
from 100 to 250 ft Equation 5 was deduced^ : 


T. 


I- \ ^ / j 

i5rb-3 


(5) 


where 

T\ » temperature at the center of the connection from the breeching, Fahrenheit 
degrees absolute. 

Hh » the height of the stack above center line connection to breeching, feet. 


5. The coefficient of friction between the chimney gases and a sooted surface has 
been taken by many workers in this field as a constant value of 0.016 for the condi- 
tions involved. This value, of course, would be less for a new unlined steel stack than 
for a brick or brick -lined chimney, but in time the inside surface of all chimneys re- 
gardless of the materials of construction becomes covered with a layer of soot, and 
thus the coefficient of friction has been taken the same for all types of chimneys and 
in general constant for all conditions of operation. For reasons of simplicity and 
convenience to the reader, this constant value of 0.016 has been employed in the de- 
velopment of the various special equations and charts shown in this chapter. 

In important chimney design, especially when the construction or the materials 
are unusual , it is recommended that use be made of the Reynolds number* in deter- 
mining the friction factor,/. 

The following problem illustrates the use of Equation 2 : 


Example /. Determine the available draft of a natural draft chimney 200 ft in 
height and 10 ft in diameter operating under the following conditions: atmospheric 
temperature, 62 F; chimney gas temperature, 500 F; sea level atmospheric pressure. 
Bo « 29.92 in. Hg; atmospheric and chimney gas densitv, 0.0863 and 0.09, respectively; 
coefficient of friction, 0.016; length of friction duct, 200 ft. The chimney discharges 
100 lb of gases per second. 

Substituting these values in Equation 2 and reducing : 


Do 


2.06 X 200 X 29.92 X 


/0.0863 
\ 522 



0.00126 X 100* X 960 X 0.016 X ^ 
10* X 29.92 X 0.09 


- 1.27-0.14 - 1.13 in. 


Fig. 1 shows the variation in the available draft of a typical 200 ft by 
10 ft chimney operating under the general conditions noted in Elxample !• 
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Whra the chimney is under static conditions and no gases are flowing, the 
available draft is equal to 1.27 in. of water, the theoretical intensity. As 
the amount of gases flowing increases, the available draft decreases until 
it becomes zero at a gas flow of 297 lb per second, at which point the draft 
loss due to friction is equal to the theoretical intensity. The point of 
maximum draft and zero capacity is called shut-off draft, or point of im- 
pending delivery, and corresponds to the point of shut-off head of a centrif- 
u^ pump. The point of zero draft and maximum capacity is called the 
wide open point and corresponds to the wide open point of a centrifugal 
pump. A set of operating characteristics may be developed for any size 
chinmey operating under any set of conditions by substituting the proper 
values in Equation 2 and then plotting the results in the manner shown 
in Fig. 1. 

Fig. 2 is a typical chimney performance chart giving the available draft 
for various gas flow rates and sizes of chinmey. This chart is based on an 



Fig. 1. Typical Set op Operating Characteristics op a Natural Draft Chimney 


atmoqiheric temperature of 62 F, a chimney gas temperature of 500 F, 
a unit chimney gas weight of 0.09 lb per cubic foot, sea level atmospheric 
pressure, a coefficient of friction of 0.016, and a friction duct length equal 
to the height of the chimney above the grate level. These curves may be 
used for general operating conditions. For specific conditions, a new chart 
may be prepared from Equation 2 or 3. 

DETERMINING CHIMNEY SIZES 

If the required performance for a proposed chimney is known and if a 
chimney-gas velocity is assumed, Equation 2 can be transposed to yield the 
necessary height and an equation can be developed for the required diame- 
ter. These operations result in the following equations: 


2MB, 


D, 


\T. T,) 


0.184/lF.B. V* 

T,D 


H = 


( 6 ) 
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D^VBoW, 


The weight of gas per second, W = 12.075 j, 

/ xirm 

D » 0.28§ 


from which 


y BoW.v - 


(7) 


H » required height of chimney above grate, feet. 
D « required minimum diameter of chimney, feet. 
V « chimney gas velocity, feet per second. 

D, B total required draft, inches of water. 



Fig. 2. Chimney Performance Chart 

To »(^ve a typical example: Proceed horizontally from a Weight Flow 
Rate point to intersection with diameter line; from this intention fol- 
low vertically to chimney height line; from this intersection follow hori- 
zontally to the right to Available Draft scale. Starting from a point of 
Available Draft, take steps in reverse order. 

For large chimneys, it is usual to assume that total construction cost 
is least when the product HD (height X diameter) is minimum. On this 
assumption, the product of Equations 6 and 7 can be differentiated and 
the differential set equal to zero to find the minimum. Solution for velocity 
then yields the following equation: 



where 


V. - economical chimney gas velocity, feet per second. 
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Equations 6, 7 and 8 can of course be simplified if values are assumed 
for some of the factors in it. Some typical figures for boiler plants are: 

Average chimney gae temperature 500 F T. — 060 F absolute 

Average atmospheric temperature 62 F To ~ 522 F absolute 

Average coefScient of friction 0.016 / ■• 0.016 

Average chimney, gas density, 0 F, 1 Atmosphere IF. » 0.09 lb per cubic foot 

Barometer reading, sea level *■ 29.02 in. Hg 


Height of Chimney, ft. 



Diameter values also for gas temperatures of 400, 600 and 600 F. 
Fio. 3. EIconomical Chimnet Sizes 


When these values are substituted in Equations 8, 7 and 6 respectively, the 
results are: 

F, - 13.71P'‘ (9) D - 1.61P» (10) H - 190Z), (11) 

Fig. 3 gives the economical chimney sizes for various amounts of gases 
flowing and for required draft intensities computed from Equations 9, 
10 and 11. They are based on the operating factors used in reducing Equa- 
tions 6, 7 and 8 to their simpler form. The sizes shown by the curves in 
the chart should be used for general operating conditions only, or where 
the required data necessary for an exact determination are difficult or im- 
possible to secure. Whenever it is possible to secure accurate data, or the 
anticipated operating conditions are fairly well known, the required size 
shoul^be determined from Equations 6, 7 and 8. 
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FACTORS AFFECTING REQUIRED DRAFT 

The foregoing considerations deal with chimney size selection when the 
required draft and flue gas volume and temperature are known. The 
required draft is, of course, equal 4o the sum of .all the resistances to gas 
flow from the ash pit door to and including the chimney connection. 

Fig. 4 presents information on the fuel-bed draft loss for various kinds 
of coal burned at different rates and rough generalizations can be given for 
the losses in the flue passages of boiler or furnace, but, on account of the 
great differences in such devices, more reliable data on their flue gas volume 
temperature and flue resistance should be obtained for design purposes 
from their respective manufacturers. 

Flue gases encounter resistance to flow in breechings or smoke pipes and 
this can probably be treated with sufficient accuracy by means of the 



POUNDS OF COAL BURNED PER SQ FT OF GRATE SURFACE PER HOUR 
Fio. 4. Dkaft Required at Different Rates of Combustion for 
Various Kinds of Coai. 

method used for air ducts. (See Chapter 41.) The friction in straight 
ducts can be estimated by means of the last terms of Equations 2 and 3. 

Also, the temperature of flue gases falls during passage through breech- 
ings or flue pipes. For uninsulated surfaces this probably can be ade- 
quately estimated by assuming a loss of beat from the flue gas of 3 Btu per 
hour per square foot for each Fahrenheit degree temperature difference 
between the gases and surrounding air. 

DOMESTIC CHIMNEYS 

The hei^t of a chimney for a residence or apartment is generally limited 
by the height of the building since it is desirable to have the chimney 
architecturally congruous with the building. The height desirable from 
an architectural viewpoint and the location of the chimney may be dis- 
advantageous to the operation of the boiler or furnace and it is therefore 
important that the manufacturer of the fuel burning appliance to be in- 
stalled be consulted in regard to the adequacy of the chimney. A chimney 
in order to provide satisfactory performance must have adequate height 
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Table 2 . Temperature and Draft in 0 in. by 13 in. Masonry Chimney* 
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1 

1 

-0.001 

+0.006 

+0.001 

+0.013 

+0.016 

+0.012 

+0.006 

-0.001 

+0.014 

+0.014 

+0.013 

+0.002 
* * 

§§1111 IIHSI 

dddddd ddodoo 
I++++ 1 I++++ 

ItSllg 

eeeeee 

1 M l + l 

Q 

Q 
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Static 
Inch Water 

dddddd 

0.086 

0.068 

0.144 

0.176 

0.191 

0.227 

dddddd 

0.060 
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0.099 

0.115 

0.128 

0.147 

0.040 

0.038 
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0.100 

s 

s 

i 

U 

Observed 

Inch 

Water 

oocoeoo^o 

dedddei 
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0.140 
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dddddd 

Computed 

Static 
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Inch 

Water 

OOrliHf^Ci 

dddddd 

io»«co^ao« 

dddddd 
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0.090 

0.110 

0.127 
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0.041 

0.079 
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0.107 

0.127 

0.021 

0.020 

0.052 

0.062 

0.074 

0.082 

Observed 

Draft 

Inch 

Water 

dddddd 

0.040 

0.048 

0.089 

0.130 

0.135 

0.166 

0.034 
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0.086 
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0.044 

0.069 
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0.066 

0.066 
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Temp. 

F 

!SS3SSl:3 

ssssss 
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SSSS33 
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Gas Temp. 
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and area, be of permanently tight construction and should be as smooth 
internally as practicable. 

It should be remembered that mechanically fired devices, oil burners and 
stokers, are equipped with blowers so that, with these devices, the chimney 
is not required to overcome the resistance of a fuel bed. Nevertheless, a 
draft in the fire box, of about 0.03 in. of water is considered desirable so 
that any small openings in the fire box or fiue passages will result in leak- 
^e of air inward, and not leakage of combustion products outward. This 
is not to be taken to condone leaks in fire boxes. Such leaks adversely 
affect plant efficiency. 

OBSERVED TEST PERFORMANCE 

The observed performances of some brick chimneys* are given in Tables 
1 and 2. 

The tests on which these data are based were made at various outside 
temperatures as shown and, to make them comparable among themselves, 
the observed drafts were corrected to 32 F, 1 atmosphere pressure, by the 
formula: 


Oi — Oi + 


( 12 ) 


where 


Si •> computed static (theoretical) draft, experimental conditions. 

S| a computed static (theoretical) draft, standard conditions. 

Oi observed draft, experimental conditions. 

Of observed draft corrected to standard conditions. 

It will be noted that the observed draft exceeded the computed static 
draft during some observations on the shorter chimneys. This is mainly 
attributed to the draft producing effect of the hot gases immediately above 
the chinmey. By means of a manometer it was found that a measurable 
draft existed in this gas column for some distance above the chimney top. 
However, the temperatures in the chimney were measured with unshielded 
thermocouples and the actual gas temperatures may have been higher for 
this reason than the observed temperatures on which the computations of 
draft were based. The tests were made in calm weather. 

Tests were made at the National Bureau of Standards to find the draft 
produced by round, metal smoke pipe set in vertical position to act as 
chimneys. Curves are presented in Fig. 5 showing the computed static 
or theoretical draft for short chimneys for various heights and temperatures. 
For tiiis purpose, the density of chimney gases was assumed to be the 
same as that of air at the same condition, since the error thus introduced 
vras not considered important in this case. The results of the tests showed 
that the following procedures would yield the available draft for 6-in. flue 
pipe used as a chimney within 10 per cent for the range shown and for fuel 
burning rates from about one-quarter to three-quarters of a gallon of oil 
per hour. 

Using the temperature at the smoke collar of the heater, find the static 
draft corresponding to the available chimney height. Then : 

1. If the chimney is bare, multiply the static draft by 0.76 to find the available 
draft. 

2. If the chimney is insulated with 1 in. of air-cell material with a i-in. air space, 
multiply the static draft by 0.85 to find the available draft. 
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3. If the chimney is insulated with 1 in. of air-cell material with a 1-in. air space, 
open at top and bottom for ventilation, multiply the static draft by 0.81 to find the 
available oraft. 

4. If the chimney is insulated with 1 in. of air-cell material and hM a l-in.’air space 
closed at top and bottom to prevent ventilation, multiply the static draft by 0.85 to 
find the available draft. 

The use of the 1-in. air-cell asbestos insulation in the tests discussed is 
not to be construed as an approval of such insulation in all cases in regard 
to fire resistance. Several laboratories are working on the fire resistance 



200 300 400 500 600 700 600 900 1000 

Effective Chimney Temperature -Degrees F 


Fio. 6. Computed Static Draft for Short Chimnetb 

aspects of the problem but definite rules are not yet available. For coal- 
or oil-burning devices, a bare smoke pipe is probably safe if kept 2 ft or 
more from any woodwork and the better the pipe is insulated, or the lower 
its temperature, the nearer it can be placed to combustible materials. 

DRAFT REQUIREMENTS OF DOMESTIC APPLIANCES 

Typical flue-gas temperatures and drafts required at rated output for 
several kinds of domestic heating appliances* are contained in Table 3. 

CHIMNEYS FOR GAS HEATING 

Heating appliances designed to burn gas as well as appliances converted 
to gas burning, except those equipped with power type burners and ex- 
cepting conversion burner installations in excess of 400,000 Btu per hour 
input in large steel boilers, are always equipped with a dr^t hood attached 
to the flue outlet of the appliance. This draft hood is required if the 
appliance is to meet the approval requirements of the AtMrican Gas As- 
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sodatum and the Americm Standards Association and is essentid for safe 
operation. It is designed to prevent excessive chimney draft which would 
lower appliance efficiency, to prevent a blocked flue or a down draft in the 
chimney from impairing combustion, to provide a relief opening for the 
products of combustion during down draft or blocked flue conditions, and 
to prevent spillage of the products of combustion to the space surrounding 
the appliance if there is a chimney draft equivalent to that provided by a 
3-ft chimney. As the draft hood is designed without moving parts, the 
relief opening is always open and consequently some air is drawn into the 
chimney. While the air drawn in lowers the gas temperature in the chim- 
ney, it also lowers the dew-point of the gases and tends to prevent con- 
densation. 

The installation of conversion burner equipment in large boilers is 
usually made in accordance with regulations of the local gas company or 
standards developed under American Standards Association procedure®. 


Table 3. Drafts REQxnRED by Typical Domestic Heating Devices or 

Appliances 


Device 

Draft. 

Inches 

Water 

Stack 

Temperature 

F Deg 

Sp:ice Heater, Oil Burning, Pot Burner 

0.06 to 0.08 

1000 

Warm Air Furnace, Oil Burning, Pot Burner 

0.06 

860 

Warm Air Furnace, Hand Firerl _ 

0.06b 

900 

Floor Furnace, Oil Burning, Pot Burner _ . _ 

0.06 

860 

Mechanical Oil Burner, Less than R gph_ 

0.03® 

Mechanical Oil Burner, More than gph 

0.05® or less 


Cooking Stove, Solid Fuel ... ...... 

0.04'> 

400 

Space Heater, Coal Burning 

0.06b 

900 



* Draft in fira-boz. ^ For chestnut eiaed anthracite. 


In such installations a definite chimney draft may be required for proper 
combustion and consequently the foregoing reference to the use of draft 
hoods would not apply. 

The products of complete combustion of gas are water vapor {H%0) 
and carbon dioxide (CO 2 ). In the case of manufactured gas, the presence 
of organic sulfur compounds, generally between 3 and 15 grains per hun- 
dred cubic feet, gives rise to minute percentages of sulfur dioxide and sulfur 
trioxide. 

The volume of water vapor in the flue products from natural or coke oven 
gas is about twice the volume of carbon dioxide. It is extremely important 
that the chimney be tight and resistant to corrosion not only of moisture, 
but also of dilute sulfur trioxide. 

Vitreous tile linings with joints which prevent retention of moisture and 
linings made of non-corrosive materials are advantageous. The protection 
of uffiined chimneys has been investigated and the results indicate that 
after the loose material has been removed, the spraying with a water 
emulsion of asphalt chromate will provide excellent protection. 

Advice regarding recommended practice and materials for flue connec- 
tions and chimney linings can usually be obtained from the local gas com- 
pany and should be given careful consideration. 

Since a gas designed appliance must be able to operate at rated input 
(plus 10 or 15 per cent) without chimney connection, and without pro- 
ducing carbon monoxide, the only function of the chimney is to remove the 
products of combustion from the room. The chimney provides draft to 
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overcome the friction in the flue pipe and chimney, but does not draw air 
into the appliance. 

Chimneys for venting appliances designed for burning gas can therefore 
be low in height, but must have adequate area. The height is usually 
established by the building height. Chimney sizes are usually selected 
on the basis of Btu input of the appliance. One chart^ designed to facilitate 
selection is shown in Fig. 6. The assumptions made in preparing the chart 
as well as its limitations should be noted carefully. 



Fig. 6. Allowable Btu Input to Circular Flues for Domestic Gas Appliances 

WITH Draft Hoods 


NOTES APPLYING TO FIG. 6: . „ , . , 

1 . Chart is based on : avera^ flue temperature of liK) F, outside temperature of 60 F, barometric pressure of 
30 in. Hg, 100 per cent excess air and 100 per cent dilution at draft hood. 

2. Based on terra-cotta lined flues. With rough brick flues, capacities are 15 per cent less. 

3. Bused on condition that horizontal run is not greater than 20 ft except for a flue height less than 20 ft, in 
which case the horizontal run is not to have greater length than the height of the flue. 

4. Two long radius elbows are included in the horizontal run, the diameter of which is equal to that of 
the flue. 

5. Each additional elbow reduces the allowable horizontal run by a length in feet equal to the diameter in 
inches. 

6. When the horizontal run has an effective lenrth in excess of that given (or additional elbows) the next 
larger size of flue should be chosen . It is desirable that long horizontal runs be insulated to reduce heat loss of 
flue products and to conserve draft. 

7. CapaoitisBshouldbereduoed8.6perceiitfore«ohIOOQftahoveBeelsv^ 
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Since Fig. 6 has been prepared for circular flues, relative capacities for 
rectangular and semi-elliptical flues^ are shown in Fig. 7. 

When a flue is connected to several appliances, the number of horizontal 
runs of various sizes which may be substituted for the single run having a 
diameter equal to that of the flue may be obtained from Table 4. 

CONSTRUCTION DETAILS 

For general data on the construction of chimneys reference should be 
made to the Building Code recommended by the National Board of Fire 
Underwriters, Article XI, Sections 1101 to 1105, in which the following are 
some of the important provisions listed in the 1943 edition: 

, (a) Chimneys erected within or attached to a structure shall be constructed of 
brick, of solid clock masonry, or of reinforced concrete. 



Fig. 7. Capacity op a Rectangular Flub or a Semi -Elliptical Flub, with Semi- 
Circular Ends Haying Its Minimum Width Equal to the Diameter of a 
Circular Flue, Compared with the Capacity of the Circular Flue 


(t) Chimne 3 n 3 shall extend at least 3 ft above the highest point where they pass 
through the roof of the building and at least 2 ft higher than any ridge within 10 ft of 
such ^imney. 

(c) Every such chimney shall be properly capped with brick, terra cotta, stone, 
cast-iron, concrete or other approved non-combustible, weatherproof material. 

(d) Chimneys shall be wholly supported on approved masonry or self-supporting 
fireproof construction. 

(e) No such chimney shall be corbeled from a wall more than 6 in.; nor shall such 
chimney be corbeled from a wall which is less than 12 in. in thickness unless it pro- 
jects equally on each side of the wall ; provided that in the second story of two-story 
dwellings corbeling of chimneys on the exterior of the enclosing walls may equal the 
wall thickness. In everv case the corbeling shall not exceed 1 in. projection for each 
course of brick projected. 

(/) No change in the size or shape of a chimney, where the chimney passes through 
the roof, shall be made within a distance of 6 in. above or below the roof joists or 
rafters. 

(jOf) Smoke flues for warm air, hot water and low pressure steam heating furnaces 
shall have walls not less than 8 in. thick; the walls may be of solid masonry using 
brick, stone or concrete, or of solid moulded or solid cast chimney units of concrete, 
or of Durned clay, or of suitably reinforced solid concrete cast in place; provided that 
for stone masonry, other than sawed or dressed stone in courses, the thickness shall 
be not less than 12 in. The walls shall be properly bonded, or tied with non-corrosive 
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metal anohon. In dwellings and buildings of like heating reauirements the thickness 
of the chimney walls may be reduced to not less than 3i in. when lined with a flue lin- 
ing conforming to the Code requirements. 

(h) Required flue linings shall be made of fire clay or other refractory clay to with- 
stand the action of flue gases and to resist, without softening or cracking, the tem- 
peratures to which they will be subjected, but not less than 2,000 or of east-iron of 
approved quality, form and construction.^ Approved corrosion resistant linings may 
be used in flues for gas appliances. 

(t) Required clay flue linings shall be not less than t in. thick for the smaller flues 
and increasing in thickness for the larger flues. 

(j) Flue linings shall be built ahead of the construction of the chimney as it is car- 
ried up^ carefully bedded one on the other in mortar as hereinafter specified with close 
fitting joints leh smooth on the inside. 

(k) Flue linings shall start from a point not less than 8 in. below the intake. Th^ 
shall extend, as nearly vertically as possible, for the entire height of the chimney. It 
is recommended that flue linings be extended 4 in. above the top or cap of the chimney . 

(0 Only Portland cement mortar, cement lime mortar or fire clay mortar shall be 
used in setting flue linings. 

For gas appliances the Building Code specifies lined chimneys and metal 
smoke stacks for all appliances which may be converted readily to the use 


Table 4. Equivalent Flue Pipe Sizes* 


Diameter 

OF 

Horizontal 

Runs 

1 

Size of Flue 

3 


5 


8 

10 

12 

3 

1 


3 


1 9 

12 

22 

4 


1 

2 



7 

11 

5 



1 



4 

7 

6 




1 


3 

5 

8 





1 

2 

3 


* Comfort Heating {American Goa i 


of solid or liquid fuel and also for all boilers and furnaces except those hav- 
ing a flue gas temperature not exceeding 550 F at the outlet of the draft 
hood when burning gas at the manufacturer’s rating and which may there- 
fore be connected to Type B vent piping. Approved Type B vent piping 
is non-combustible, corrosion resistant piping of adequate strength and 
heat insulating value, and having bell and spigot or other acceptable joints. 
Fig. 6 may be used for selection of vent pipe size. 

Important points to be considered in the use of Type B vent piping are : 

1. Type B flues must be plainly and permanently marked, at the point where the 
vent connection enters the flue: for use of gas appliances only, 

2. Type B vent material should not be used for external chimney flues and external 
runs of it should not exceed 3 ft outside the building roof. When this requirement 
makes it necessary to cross over through attic space, the piping should be pitched not 
less than 45 deg. 

3. Because of the small size and low temperature. Type B vents should be provided 
with a vent cap with wire screening to prevent building of birds’ nests. 

4. Each appliance should have the ecmivalent of a 4 in. diameter Type B vent, even 
though the appliance may have a 3 in. flue collar. A typical minimum vertical flue 
size for a frame dwelling is 6 in. in diameter or equivalent. 

5. When several floor furnaces are to be vented, it is acceptable practice to con- 
nect ea^ of these by means of 4 in. vents to a common 6 in. vertical vent. l«ateral 
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piping must have adequate pitch, i in. per foot, and should not exceed 20 ft in hori- 
zontal length. 

6. An alternate method of connecting several appliances is to run separate Type B 
vents to the attic and then to connect them by means of cross-over piping and Y 
fittings to a common vertical vent passing through the roof. This reduces the num- 
ber of holes in the roof. 

All flue mortar for flues or vent pipes from gas burning appliances shall 
be acid resisting. 

GENERAL CONSIDERATIONS FOR CHIMNEYS 

The draft of domestic chimneys may be subject to a variety of influences 
not usually encountered in power chimneys^. Horizontal winds have an 
aspirating effect as they cross the chimney and are an aid to draft. How- 
ever, surrounding objects, such as trees or other buildings, may affect the 
direction of the wind at the chimney top and may even direct it down the 
chimney, tending to reduce the dr^t or even to cause it to be negative. 
Although the chimney should extend well above the highest part of the 
roof, it is impracticable to carry it much beyond this point. 

It is also important to consider the course of the air supply for proper 
combustion. Usually the boiler or furnace is loacted in the basement. 
When the furnace room has windows or doors opening to the outside on 
two or more sides of the house, the leakage of air will be suflScient for 
combusion, even though the windows and doors may be shut. If, how- 
ever, the leakage is not sufficient to prevent an appreciable drop of pressure 
in the furnace room below that of the air outside, the chimney draft will 
be reduced by the difference between the atmospheric pressure outside and 
that inside the boiler room. In case the boiler room is fairly tight and is 
open to the outside on only one side of the house, then the dr^t will be 
affected in windy weather even with windows or doors open. If the wind 
is blowing toward the boiler room the draft will be increased, but if blowing 
in the opposite direction the draft may be decreased. 

It is not to be assumed that increasing the cross-section area of a chim- 
ney will always effect a cure for poor draft. The opposite result may be 
experienced because of the cooling effect of the larger area. This reduces 
the theoretical draft and the velocity of the gases, and affords a greater 
opportunity for counter currents in the chimney. Sometimes the only 
practical remedy for a chimney with bad draft, when the chimney is of the 
proper size and is affected by conditions beyond control, is to resort to 
mechanical draft. This can often be done at small expense and the ar- 
rangement can be such that the fan or blower need be operated only when 
conditions are bad. 

Two or more chimneys, either large or small, should never be connected 
together. If connected at the bottom, hot gases in the inverted U-tube 
thus formed would be in unstable equilibrium. Cold air would descend 
through one such chimney, from the top, and drive the hot gases out of 
the other and thus annul the draft. 

More than one device can be served by one chimney. Batteries of 
boilers are commonly connected to a single chimney in power plants. 
However, if two or more chimneys are used, each chimney should be used 
separately for part of the boilers, and not connected in manifold with an- 
other chimney, in order to avoid the difficulty described previously. 

In domestic installations it is sometimes necessary to serve a space heater 
or cooking stove and a water heater with the same chimney flue. This 
is not desirable, eq)ecially for low chimneys, since doors left open on one 
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device while it is unfired will tend to annul the draft on another device. 
Gas burning devices, with their draft hoods and lack of draft dampers, are 
especially bad in this respect. The traditional method of avoiding this 
with brick chimneys has been to construct multiple-fiue chimneys, so that 
each fuel-burning device could be served by a separate opening. If two 
devices must be served by one flue-opening in a chilnney, their connections 
to the chimneys should not be located opposite each other. The con- 
nection from the larger device should be reasonably low down and that 
from the smaller, up near the ceiling, so that each device can be serviced 
as well as possible, regardless of the treatment of the other. 

Excessive height in a chimney does no harm but means for controlling 
the draft are more than ordinarily essential if the chimney is too large in 
capacity. Coal-burning devices often have air leaks around the fire-box 
and the draft doors sometimes fit poorly so that the fire cannot be con- 


Table 5. Standard Sizes of Flub Linings 


Minimum 

Net Inside 
Area (Square 
Inches) 

“ Nominal 
Dimensions 
(Inches) 

Outside 

Dimensions 

(Inches) 

Length 

(Inches) 

Minimum 

Wall 

Thickness 

(Inches) 

Approximate 

Maximum 

Outside 

Corner 

Radius 

(Inches) 

15 

4X8 

3.5X7.5 

24 dbO.5 

0.5 


20 

4X12 

3.5X11.5 

24 ±0.5 

0.625 


27 

4X16 

3.5X15.5 

24 ±0.5 

0.75 


35 

8X8 

7.5X7.5 

24 ±0.5 

0.625 


57 

8X12 

7.5X11.5 

24 ±0.5 

0.75 


74 

8X16 

7.5X16.5 

24 ±0*5 

0.876 


87 

12X12 

11.6X11.5 

24 ±0.5 

0.875 


120 

12X16 

11.5X15.5 

24 ±0.5 

1. 


162 

16X16 

15.6X15.5 

24 ±0.5 

1.125 


208 

16X20 

15.5X19.5 

24 ±0.5 

1.25 


262 

20X20 

19.6X19.5 

24 ±0.5 

1.375 


320 

20X24 1 

19.5X23.5 

24 ±0.5 

1.5 


385 

24X24 1 

23.5X23.5 

24 ±0.5 

1.625 



* CroBB BBction of flue lining shall fit within rectangle of dimension oorresponding to nominal size. 


trolled at a low rate. Perhaps the simplest remedy for such cases is the 
barometric damper which admits air into the flue pipe and thus reduces 
draft. 

Clay flue linings used in the construction of chimneys are now generally 
available in sizes shown in Table 5. These sizes w^ere obtained from the 
publication American Standard Sizes of Clay Flue Linings, A 62.4-1947, 
American Standards Association. 

Directions for building chimneys for fireplaces are contained in Depart- 
ment of Agriculture Farmers’ Bulletin No. 1889. 

It is considered bad practice to connect any heating device to a fireplace 
flue unless the fireplace is effectively sealed. 

REFERENCES 

^ Notes on Power Plant Design, by E. F. Miller and James Holt {Massachusetts 
Institute of Technology ^ 1930). 

* A.S.H.V.E. Research Report No. 1105 — Frictional Resistance to the Flow of 
Air in Straight Ducts, by F. C. Houghten, J. B. Schmieler, J. A. Zalovcik and N. 
Ivanovic (A.S.H.V.E. Transactions, Vol. 46, 1939. p. 35) and for more conmlete dis- 
cussion see Flow of Fluids in Closed Conduits, by R. J. S. Pigott {Mechanical 
Engineering, August, 1933). 
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* Observed Performance of Some Experimental Chimneys, by R. S. Dill, P. R. 
Achenbach and J. T. Duck (A.S.H.V.E. Tbakbactions, Vol. 48, 1842, p. 351). 

* National Bureau of Standards Commercial Standards: CSlOl-43 Oil -Burning Space 
Heaters Equipped With Vaporizing Pot-T3rpe Burners, CS75-42 Automatic Mechan- 
ical Oil Burners Desi|med for Domestic Installations, CS(E)104-43 Warm Air Fur- 
naces Equipped With Vaporizing Pot-Type Burners; and Trade Standards: TS3536a 
Solid-Fuel Burning Forced Air Furnaces, TS3518 Oil-Burning Floor Furnaces 
Equipped With Vaporizing Pot-Type Burners. 

* American Standard Requirements for Installation of Domestic Qas Conversion 
Burners, A.S.A. Z21.8, 1948, American Standards Association). 

* Comfort Heating, 1938, p. 71 {American Gas Association). 

^ Comfort Heating, 1938, p. 74 {American Qas Association). 

* Chimneys and Draft (Chapter 32 in Winter Air Conditioning, by S. Konzo, pub- 
lished by National Warm Air Heating and Air Conditioning Association^ 1939). 
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ESTIMATING FUEL* CONSUMPTION FOR 
SPACE HEATING 

Basis of Fuel Estimates, Calculated Heat Loss Method, Degree-Day Method, Esti- 
mating Fuel Consumption, Degree-Day as an Operating Unit, h^ximum De- 
mands and Load Factors, Seasonal Efficiency 


M any methods are in use for estimating in advance of actual operation 
the anticipated heat or fuel consumption of heating plants over long 
or short periods. With suitable modification in procedure these same 
general methods are frequently useful in checking the degree of effectiveness 
with which heat or fuel is utilized during plant operation. 

In applying any of these estimating methods to the consumption of a 
particular building plant it should be noted that (a) reliable records of 
past heat or fuel consumptions of the building under consideration will 
usually produce more trustworthy estimates of future consumptions than 
will any data obtained by averages or from other similar buildings; (fe) 
where no past records exist useful data can sometimes be obtained from 
records of similar types of buildings with similar plants in the same locality; 
(c) records of consumption, which are averages from many types of plants 
in many types of buildings in various localities, can produce no better 
than an average estimate which may be far from accurate ; (d) estimates 
based on computed heat losses without the benefit of operating data are 
wholly dependent on the degree to which the computation represents the 
actual facts. 

Estimates based on computed heat losses alone are especially necessary 
where unusual operating conditions, such as excessive ventilation, ab- 
normal inside temperatures, heat gains from external sources, etc., are 
encountered or where no information is available as to former consumption 
as in the case of proposed buildings of unusual design. 

In preparing, interpreting and evaluating heat or fuel consumption es- 
timates it is well to realize that any estimating method used will produce 
a more reliable result over a long period operation than over a short period. 
Nearly all of the methods in common use will give trustworthy results over 
a full annual heating season, and in some cases such estimates will prove 
consistent within themselves for monthly periods. As the period of the 
estimate is shortened there is more chance that some factor not allowed for 
in the estimating method will become controlling and thus give discrepant 
and even ridiculous results. 

Of the various estimating methods in use attention is directed in this 
discussion to but two as they are illustrative of all, namely, (1) calculated 
heat loss method, and (2) degree-day method. 

CALCULATED HEAT LOSS METHOD 

This method is theoretical and constant temperatures are assumed for 
very definite hours each day throughout the entire heating season. It does 
not take into account factors which are difficult to evaluate such as opening 
of windows, abnormal heating of the building, poor heating systems, printer 
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heat gains, such as sun effect, and many others. In order to apply this 
methra the hourly heat loss from the building under maximum load, or 
design condition, is computed following the principles discussed in Chapters 
6 and 8, and the method described and illustrated in Chapter 14. 

In predicting fuel consumption for heating a building by the Calculated 
Heat Loss Method, the general equation is : 

«l. - 0(7 ' ' 


where 

F — quantity of fuel or energy required (in the units in which C is expressed). 

H s calculated heat loss, Btu per hour, during the design hour, based on and 


t 


td 

to 

N 

E 

C 



Ht + Hi but may on occasion equal Ht + 


2 


« average inside temperature maintained during heating period, Fahrenheit 
degrees. 

s average outside temperature through estimate period, Fahrenheit degrees 
(for cities with an Oct. 1-May 1 heating season). 

** inside design temperature, Fahrenheit degrees (usually 70 F). 

« outside design temperature, Fahrenheit degrees (see Table 1 in Chapter 14). 
= number of heating hours in estimate period (for an Oct. 1-May 1 heating 
season, 212 days X 24 hr » 5088). 

« efficiency of utilization of the fuel over the period, expressed as a decimal ; 
not the efficiency at peak or rated load condition. 


B heating value of one unit of fuel or energy. 


Although the assumption of an Oct. 1-May 1 heating season is reason- 
ably accurate in the well-populated New York-Chicago zone, it is not 
valid as far north as Minneapolis nor farther south than Washington, 
D. C. and St. Louis. Consequently, it is suggested that allowance be made 
for this variation, especially in the far north or southern cities. 


Example 1. A residence building is to be heated to 70 F from 6 a.m. to 10 p.m. 
and 55 F from 10 p.m. to 6 a.m. The calculated hourly heat loss is 120,000 Btu per 
hour based on 70 F inside at — 10 F outside. If the building is to be heated by metere d 
steam, how many pounds would be required during an average heating season? 

Solution, The heating value of steam may be taken as 1000 Btu per lb, and since 
it is purchased steam, the efficiency can be assumed as 100 per cent. Assume average 
outside temperature as 36.4 F. The average inside temperature is: 

(16 X 70) + (8 X 55) 

24 


Substituting in Equation 1 : 


^,000 (6^ 36.4) 5088 
1.00170 - (-10)11000 


218,275 lb. 


Example 2, How much would the fuel cost to heat the building in Example 1 dur- 
ing an average heating season with coal at $8 per ton and with a calorific value of 
11,000 Btu per lb, assuming that the seasonal efficiency of the plant was 55 per cent? 

Solution, Substituting in Equation 1 : F » Z jmn “ 36,079 lb 

18 tons, which, at $8 per ton, costs $144. 
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Example S, What will be the estimated fuel cost per year of heating a building 
with gas, assuming that the calculated hourly heat loss is 92,000 Btu based on 0 F, 
which includes 26,000 Btu for infiltration? The design temperatures are 0 F and 72 
F. The normal heating season is 210 days, and the average outside temperature 
during the heating season is 36.4 F. The seasonal efficiency will be 75 per cent. The 
heating plant will be thermostatically ccfhtrolled, and a temperature of 55 F will be 
maintained from 11 p.m. to 7 a.m. Assume that the price of gas is 7 cents per 100,000 
Btu of fuel consumption, and disregard the loss of heat through open windows and 
doors. 

Solution. The average hourly temperature is: 

,.,(72X16) + («X8)_^^ 

The maximum hourly heat loss will be : 

26,000 

H = 92,000 « 79,000 Btu. 


7 9,000 (6 6.3 -- 36. 4) X 24 X 210 
100,000 X 0.75'x (72 - 0) 


2204.6 hundred thousand Btu. 


2204.6 X $0.07 = $154.32 = estimated fuel cost per year of heating building. 

Several time-saving procedures have been devised for quickly esti- 
mating the hourly Btu loss of one and two-story residences in order that 
fuel estimates can be predicted more quickly from Equation 1. A graphi- 
cal method of calculating heat losses has been developed^ which makes 
possible a quick solution if the gross wall, ceiling, or floor areas and respec- 
tive transmission coefficients are known. 

The Federal Housing Administration has originated a short-cut formula 
for residential heat loss determinations which makes use of the floor area 
and three selected transmission coeflScients. The formula was developed 
to apply to detached houses approximately rectangular in shape with 
total exterior door and window areas equal to about 25 per cent of the 
floor area and with a floor area not greater than about 1500 sq ft. Equa- 
tion 2 is for a one-story residence and Equation 3 is intended for two-story 
structures. 


i7i « A ((7 -f- C/w + + Ut) {k - to) (2) 

Hi - A (G + 1.2 r/w -f 0.5 Uc + 0.5 U{) {k - k) (3) 

where 

Hi B heat loss from one-story residence, Btu per hour. 

Hi « heat loss from two-story residence, Btu per hour. 

A a floor area, square feet, measured to the inside faces of enclosing walls and 
is the sum of the following areas: (1) all the area on each principal floor 
level; (2) the area of all finished habitable attic rooms, including bath- 
rooms, toilet compartments, closets, and halls; (3) all other areas intended 
to be heated and not located in the basement. 

O « glass and infiltration factor for ordinary construction: (0.45 for no weather- 
stripping or storm windows), (0.40 for weatherstripping), (0.30 for storm 
windows with or without weatherstripping). 

l/w » coefficient of transmission for outside wall. 

Uo » coefficient transmission for ceiling. 

U t coefficient of transmission for floor. 
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td "* inside design temperature, Fahrenheit degrees. 
to * outside design temperature, Fahrenheit degrees. 

Notes for application of Equations f and S. 

1. The calculation of heat loss from heated spaces into adjacent spaces such as 
attics, basementless areas, and heated or unheated garages shall be based on the 
assumption that the temperature of such adjacent spaces is the same as the outside 
design temperature. 

2. For all floors over basements or other warmed spaces assume Ut ^ 0. 

3. For structures having concrete slab floors laid on the ground a modified applica- 
tion of the formula may be made. Assume I7f » 0 and calculate the heat loss in 
accordance with the check formula. Then add the slab loss determined in accordance 
with the procedure developed by the National Bureau of Standards and described in 
BMS Report 103. 

4. No basement area is to be included in the formula calculation. If finished habit- 
able rooms in the basement are to be heated, the additional heat loss should be 
calculated separately and added to the amount obtained by the formula. 

Both the graphical method and short-cut formulas, when used within 
the limitations established, have been found to give reasonably accurate 
results for the average residence, but if precise estimates are required, the 
procedure outlined in Chapter 14 should be used. 

In the case of gravity warm air heating installations, the load was for- 
merly expressed in square inches of leader pipe which can be converted into 
Btu per hour by multiplying the square inches of leader area by 111, 167, 
and 200 for first, second, and third floor respectively. 


Example What would be the total gas consumption over a full heating season 
of a gas-fired gravity warm air furnace designed according to the Code^, and with 
four 12 in. and two 8 in. round leaders to the first floor and six 10 in. leaders to the 
second floor, if the gas has a heating value of 500 Btu per cu ft, the plant operates at 
a 70 per cent seasonal efficiency and is designed to maintain an average inside temper- 
ature of 65 F when it is 10 F outside in a city where the average outside temperature 
is 45 F and the heating season is 5088 hr long? 

Solution, The area of the round leaders is: 12 in., 113 sq in.; 10 in., 79 sq in.; and 
8 in., 50 sq in. The total Btu transmitted is: 

First Floor: [(4 X 113) + (2 X 50)] X HI * 61,272 Btu per hr. 

Second Floor: (6 X 79) X 167 79,158 Btu per hr. 


Total 140,430 Btu per hr. 

Substituting this total heat loss value as ^ in Equation 1 gives : 


F 


140,430(65 - 45)5088 
0.70(70 - 10)500 


680,483 cu ft gas. 


DEGREE-DAY METHOD 

This method is based on consumption data which have been taken from 
buildings in operation, and the results computed on a degree-day basis. 
While this method may not be as theoretically correct as the Calculated 
Heat Loss Method, it is considered by many to be of more value for practi- 
cal use. 

The amount of heat required by a building depends upon the outdoor 
temperature, if other variables are eliminate. Theoretically it is pro- 
portional to the difference between the outdoor and indoor temperatures. 
The American Gas Association^ determined from experiment in the heating 
of residences that the gas consumption varied directly as the difference 
between 65 F and the mean outside temperature. In other words, on a 
day when the mean temperature was 20 deg below 65 F, twice as much 
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gas was consumed as on a day when the temperature was 10 deg below 
65 F. For any one day, when the mean temperature is less than 65 F, 
there are as many degree-days as there are degrees difference in tempera- 
ture between the mean temperature for the day and 65 F. Degree-days 
may be calculated on other than the 165 F base butr are seldom used and 
are of little value except where the inside temperature to be maintained as, 
for example, in warehouses, differs greatly from the usual inside tempera- 
ture range of 68 F to 72 F. 

Table 1 lists the average number of degree-days, which have occurred 
over a long period of years, by months and the yearly totals for various 
cities in the United States, Canada and Newfoundland. The values for 
United States cities were calculated by taking the difference between 65 F 
and the daily mean temperature computed as half the total of the daily 
maximum and the daily minimum temperatures. The monthly averages 
were obtained by adding daily degree-days for each month each year and 
dividing by the number of days in the month ; then totaling the respective 
calendar monthly averages for the number of years indicated and dividing 
by the number of years. The total or long term yearly average degree-day 
value is the summation of the 12 monthly averages. Degree days for 
Canadian cities were supplied by the Canadian Meteorological Division 
of the Department of Transport and were computed from the mean tem- 
perature normals on record for the various stations. 

Any attempt to apply the degree-day method of calculating fuel con- 
sumption for less than one month would be of very little value. It should 
be noted that this method of calculation is based on a long term average 
and cannot be expected to coincide with any single year in calculating fuel 
requirement. Individual yearly degree-day calculations will vary as much 
as 20 per cent above and below the long term average. 

If the degree-days occurring each day are totaled for a reasonably long 
period, the fuel consumption during that period as compared with another 
period will be in direct proportion to the number of degree-days in the two 
periods. Consequently, for a given installation, the fuel consumption can 
be calculated in terms of fuel used per degree-day for any sufficiently 
long period and compared with similar ratios for other periods to determine 
the relative operating efficiencies with the outside temperature variable 
eliminated. 

Studies made by the National District Heating Association^ of the 
metered steam consumption of 163 buildings located in 22 different cities 
and served with steam from a district heating company, substantiate the 
fact that the 65 F base originally chosen by the gas industry is approxi- 
mately correct. 

Formula for Degree-Day Method 

The general equation for calculating the probable fuel consumption by 
the degree-day method is: 

F • U X N X D (4) 

where 

F >■ fuel consumption for the estimate period. 

U B unit fuel consumption, or quantity of fuel used per (degree-day) (building 
load unit), 

N B number of building load units (when available use calculated hourly heat 
loss instead of actual amount of radiation installed). 

D B number of degree-days for the estimate period. 
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Table 1. Average Monthly and Yearly Degree-Days for Cities in the 
United States, Canada and Newfoundland *•*> (Base 66F) 


State 

Station 

Years 

No. of 
Sea- 
sons 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

li 

Ala..-.. 

Anniston. 

05/06-40/41 

36 

m 

0 

10 

135 

388 

E3 

609 

513 

361 

152 

37 

1 

2806 

Birmingham.... A 

98/99-45/46 

98/99-45/46 

98/99-45/46 

48 


1 

10 

111 

348 

586 

591 

497 

313 

130 

23 

1 

2611 


Mobile 

48 

mil 

0 

1 

44 

203 

377 

397 

314 

175 

52 

3 


1566 


Montgomery 

48 

0 

0 

4 

71 

279 

484 

494 

405 

239 

85 

10 

0 

2071 

Aria 


98/99-40/41 

98/99-45/46 

43 

43 

70 

244 

573 

847 

nil 

1167 

970 

889 

668 

469 

190 

7241 

Phoenix......— 

48 

0 

0 

0 

18 

166 

384 

402 

263 

154 

47 

7 

0 

1441 



98/99-40/41 

45/46 







■ ■ 









44 

0 

0 

0 

9 

113 

306 

K T 

182 

85 

22 

1 

0 

1036 

Ark 

Bcntonville 

06/07-40/41 

35 

1 

1 

38 

216 

516 

810 

K £ 

716 

519 

247 

86 

7 

4036 

Fort Smith A 

98/99-45/46 

48 

0 

0 

12 

128 

410 

717 


615 

390 

154 

36 

1 

3226 


Little Rock. A 

98/99-45/46 

48 . 

0 

0 

11 

120 

383 

668 

K ? 

579 

367 

145 

31 

1 

3009 

Calif... 

Eureka... ..... 

98/9945/46 

98/9945/46 

98/9940/41 

98/9945/46 

48 

281 

269 

274 

344 

411 

518 

K T 

478 

504 

440 

391 

307 

4758 


48 

0 

0 

5 

77 

309 

562 

K £ 

380 

289 

152 

52 

4 

2403 


Independence... 

Los Angeles 

43 

48 

0 

1 

0 

0 

28 

5 

216 

43 

512 

no 

778 

225 

799 

272 

619 

235 

477 

212 

267 

158 

120 

103 

18 

27 

3834 

1391 



17/18-38/39 

98/9940/41 

98/99-33/34 

22 

0 

0 

0 

19 

217 

416 

447 

243 

124 

26 

3 

0 

1495 


Point Reyes. 

Red Bluff A 

43 

350 

336 

263 

282 

317 

425 

467 

406 

437 

413 

415 

363 

4474 



38/3940/41 

44/4545/46 

41 

0 

0 

12 

97 

345 

592 

601 

419 

328 

178 

72 

9 

2653 


Sacramento 

98/9945/46 

48 

2 

1 

15 

98 

332 

582 

595 

405 

326 

202 

101 

21 

2680 


San Diego A 

98/99-45/46 

48 

5 

1 

9 

60 

143 

252 

300 

257 

230 

172 

118 

49 

1596 


San Francisco 

98/9945/46 

48 

196 

179 

121 

139 

241 

420 

460 

340 

317 

272 

255 

197 

3137 


5?fl.n 

06/0740/41 

98/9945/46 

04/0540/41 

98/9945/46 

35 

2! 

21 

52 

151 

329 

512 

527 

383 

339 

249 

167 

72 

2823 

Colo.... 


48 

8 

8 

126 

411 

716 

1005 

1023 

897 

790 

516 

275 

64 

5839 

Durango............... 

37 

25 

1 

37 

201 

535 

861 

1204 

1271 

1002 

859 

615 

394 

139 

7143 


Grand Junction. 

48 

1 

59 

347 

743 

1138 

1218 

883 

671 

377 

152 

23 

5613 


Lcadville 

07/08-40/41 

34 

280 

332 

509 

841 

1139 

1413 

1470 

1285 

1245 

990 

740 

434 

10678 



98/9945/46 

48 

3 

4 

91 

377 

730 

1042 

1042 

875 

724 

446 

195 

29 

5558 

Conn... 

Hartford A 

04/0545/46 

42 

3 

16 

105 

370 

692 

1065 

1157 

1062 

859 

524 

213 

47 

6113 

New Haven. A 

98/9945/46 

48 

3 

11 

88 

341 

658 

1017 

1109 

1023 

840 

522 

221 

47 

5880 

D.C.... 

Washmi^ton 

98/9945/46 

48 

0 

2 

42 

251 

553 

872 

928 

834 

624 

340 

10] 

14 

4561 

FU 

Apalachicola 

13/1445/46 

33 

0 

0 

1 

23 

154 

300 

323 

252 

159 

38 

2 

0 

1252 

Jacksonnlle........ 

98/9945/46 

98/9945/46 

11/12-45/46 

13/1445/46 

48 

0 

0 

0 

25 

144 

294 

302 

244 

131 

42 

3 

0 

1185 


Key West...— ...... 

48 

0 

0 

0 

0 

2 

14 

21 

15 

7 

0 

0 

0 

59 



35 

0 

0 

0 

0 

15 

41 

53 

45 

28 

3 

0 

•0 

185 


Pensacola.. ... — 

33 

0 

1 0 

0 

25 

159 

305 

332 

255 

162 

39 

4 

0 

1281 


Tampa..— .A 

98/9945/46 

48 

0 

0 

0 

6 

60 

149 

157 

126 

62 

n 

0 

0 

571 

Oa 


98/9945/46 

98/9943/46 

99/0045/46 

98/99-45/46 

05/0640/41 

48 

0 

0 

12 

128 

392 

644 

660 

563 

382 

169 

33 

2 

2985 


48 

0 

0 

4 

85 

312 

529 

533 

448 

274 

107 

13 

1 

2306 



47 

0 

1 0 

5 

91 

322 

532 

538 

449 

278 

108 

14 

1 

2338 


Savannah A 

48 

0 

0 

1 

45 

206 

390 

395 

332 

194 

66 

6 

0 

1635 


Thomasville... 

36 

0 

0 

2 

48 

208 

361 1 

359 

299 

178 

52 

5 

1 

1513 

Idaho.. 

Boise .A 

98/99-45/46 

48 

9 

1 17 

136 

385 

717 

1025 

1077 

840 

688 

440 

252 

92 

5678 

Lewistown 

00/01-32/33 

33 

5 

9 

107 

378 

688 

932 

992 

779 

603 

371 

193 

52 

5109 


Pocat«Uo 

98/9945/46 

48 

12 

21 

176 

475 

821 

1159 

1224 

1004 

845 

550 

330 

124 

6741 

in 


98/99-45/46 

98/9945/46 

48 

0 

0 

26 

181 

493 

823 

878 

748 

512 

2.32 

60 

4 

3957 


Chicago... 

48 

6 

7 

88 

337 

712 

1116 

1218 

1080 

861 

531 

259 

67 

6282 


Ppotia -T A 

05/06-45/46 

98/99-45/46 

98/9943/46 

41 

4 

8 

88 

350 

730 

1126 

1231 

1035 

790 

436 

178 

28 

6004 

Ind 

Springfield 

Evansville. A 

48 

48 

0 

0 

3 

1 

65 

35 

286 

211 

664 

544 

1056 

888 

1151 

948 

977 

822 

719 

582 

377 

288 

132 

85 

16 

6 

5446 

4410 

Fftrt Wftjme A 

11/1245/46 

98/9945/46 

18/19-31/32 

35 

6 

13 

106 

374 

737 

1107 

1211 

1052 

864 

501 

217 

41 

6232 


Indianapolis... 

48 

1 

4 

66 

297 

660 

1032 

1102 

973 

737 

410 

154 

22 

5458 


Royal Center 

14 

11 

19 

116 

373 

740 

1104 

1239 

976 

860 

502 

245 

54 

6239 


Terre Haute. 

12/1345/46 

34 

0 

3 

62 

270 

627 

993 

1072 

897 

687 

3.58 

133 

15 

5117 

Iowa.... 

Charles City 

04/0545/46 

42 

8 

24 

164 

480 

906 

1362 

1535 

1281 

995 

552 

255 

62 

7624 

Davenport ...... 

98/9945/46 

48 

2 

6 

91 

344 

748 

1176 

1291 

nil 

835 

448 

171 

29 

6252 


Dcs Moines 

98/9945/46 

4S 

Ij 

6 

102 

354 

767 

1204 

1320 

1132 

843 

446 

171 

29 

. 6375 



98/9945/46 

98/99-41/42 

48 


12 

123 

402 

808 

1249 

1380 

1190 

915 

493 

204 

41 

6820 


Kockuk 

44 

11 

3 

71 

303 

6S0 I 

1077 

1191 

1025 

761 

.397 

136 

18 

5663 


Sioux City A 

98/9945/46 

48 

3 

11 

128 

402 

844 

1273 

1402 

120C 

909 

485 

202 

40 

6905 

Kan.... 

Concordia ^ 

98/9943/46 

98/9945/46 

48 

li 

3 

68 

288 

670 

1060 

1144 

954 

712 

365 

142 

18 

5425 

Dodge City A 

48 

1 

3 

59 

275 

641- 

998 

1046 

868 

668 

351 

139 

20 

5069 



05/06-40/41 1 

98/9945/46 

36 

0 

1 

40 

236 

579 

930 

1026 

817 

599 

282 

98 

8 

13 

4616 


Toppka... 

48 

0 

2 

56 

254 

623 

1013 

1096 

917 

659 

326 

116 

5075 


Wichita .A 

98/9945/46 

48 

0 

1 

41 

221 

576 

947 

1016 

836 

604 

290 

103 

9 

4644 

Ky...... 

T<onisville 

98/9945/46 

98/9940/41 

48 

0 

1 

35 

217 

549 

881 

931 

816 

588 

298 

93 

8 

14 

4417 

T.fTinffton 

43 

1 

3 

48 

258 

601 

916 

964 

862 

6.50 

352 

123 

4792 

La 

New Orleans 

98/9945/46 

48 

0 

0 

0 

23 

145 

304 

323 

247 

129 

31 

1 

10 

0 

1203 


Shreveport \ 

98/9945/46 

98/9945/46 

48 

0 

c 

4 

71 

275 

50f 

► 531 

415 

241 

79 

778 

1 0 
1 301 

2132 

Me 

Ea-qfport. , 

48 

158 

146 

► 271 

528 

827 

1224 

i 1364 

1238 

1080 

530 

8445 


Greenville..-. 

07/0840/41 







i 1625 

1443 

1251 

842 

46S 

1 194 

9439 



42/4345/46 

38 

6? 

113 

; 315 

643 

1012 

1464 


Portland.....— .....A 

98/9945/46 

ov/g'i.lS/46 

48 

2i 

I 4f 

i 182 

466 

794 

118: 

\ 13(W 

1188 

997 

671 

37C 

) 136 

7377 

Md... . 

Baltimore 

48 

C 

1 1 

1 

227 

526 

85= 

; 921 

837 

637 

343 

9i 

i 12 

4487 


* Computed from daily temperaturea reoorded by United Btatee Weather Bureau etatione in oitiee over 
availed number of Masona as indicated in the 8rd and 4th column of the table. Degree-day date for airport 
atationaare not included in thia table. The data for United Btatea dtica were computed ^ the Umted Btatea 
Weather Bureau in 1946 and 1947 in accordance with the requirementa of the National Joint Committee on 
Weather Btatiatioe. The data for a number of the ciUea liatM are baaed on readinga taken at more than one 
officUU city weather atation duringthe periods of ana^raia but the alight diffcrace in the readinga would not 
api»eciab& affect the reaultant. J)egree>dayB fw dtica in Canada and Newfoundland were aupplied by the 
rUff/iUts Meteorological Edvidon, Department of Tranaport and were computed from mean temperature 

""'ElJitter^^taretB^ airport reoorda combined. 
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Taslc 1. Average Monthly and Yearly Degree-Days for Cities in the 
United States, Canada and Newfoundland ^ (Continued) 


July|Aag.{Sept. Oct. Nov. 




Valentine 

Ncv Reno 

Tonopah 

Winncmucca.. 

N. H... Concord 

N. J.... Atlantic City. 

Cape May 

Newark 


Sandy Hook... 

Trenton 

N. M... Albuquerque.. 

Roswell 

Sante Fe 

N. Y... Albany 

Binghamton.... 

Buffalo..... 

■ Canton 

Ithaca 

New York 

Oswego. 

Rochester 

Syracuse 

N.C — Ashville 

Charlotte 

Hutteras. 

Mantco 

Raleigh 

Wilmington... 

N. D... Bismarck 

Devils Lake.... 
Grand Forks.. 


Williston...... 

Ohio... Cincinnati. 

Cleveland 

Columbus 

Dayton. 


98/99-45/46 48 

98/99-40/41 43 

98/99-45/46 48 

98/99-45/46 48 

98/99-45/46 48 

98/99-45/46 48 

03/04-45/46 43 

00/01-40/41 
42/43-45/46 45 

10/11-45/46 36 

12/13-40/41 29 

98/99-45/46 48 

98/99-45/46 48 

98/99-45/46 48 

98/99-45/46 48 

98/99-40/41 43 

98/99-32/33 
37/38-40/41 39 

09/10-40/41 32 

00/01-45/46 46 

98/99-45/46 48 

98/99-45/46 48 

98/99-40/41 43 

98/99-45/46 48 

98/99-45/46 48 

98/99-45/46 48 

09/10-45/46 37 

98/99-45/46 48 

98/99-45/46 48 

99/00-45/46 47 

98/99-45/46 48 

92/93-45/46 54 

15/16-25/26 11 

98/99-45/46 48 

98/99-45/46 48 

98/99-45/46 48 

98/9945/46 48 

....A 05/0645/46 41 

— 14/1540/41 27 

. — 98/9945/46 48 

...A 03/0445/46 43 

98/9945/46 48 

98/99-31/32 34 

...A 98/99-23/24 

35/36-40/41 32 

15/1640/41 26 

14/1545/46 32 

....A 19/2045/46 27 

05/0645/46 41 

98/99-45/46 43 

98/9945/46 48 

98/99-45/46 48 

...A 98/9945/46 48 

06/0745/46 40 

99/0042/43 44 

98/99-45/46 48 

98/9945/46 48 

....A 98/9945/46 48 

... A 03/0445/46 43 

02/0345/46 44 

98/9945/46 48 

98/9945/46 48 

04/05-28/29 25 

98/9945/46 48 

98/9945/46 48 

98/9945/46 48 

04/0545/46 42 

12/1340/41 

42/4345/46 33 

...... 98/9945/46 48 

98/9945/46 48 

98/9945/46 48 

98/9945/46 48 

11/1242/43 

45/46 33 

98/9945/46 48 

98/9945/46 48 

18/19-30/31 13 

98/9945/46 48 

98/9945/46 48 

11/12-40/41 
45/46 31 

98/9945/46 48 

98/9945/46 48 
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Table 1. Average Monthly and Yearly Degree-Days for Cities in the 
United States, Canada and Newfoundland * (CoNCLubED) 


I folt lidce City 


Se»* I July Aog. Sept. Oot 


Jan. Feb. Mar. Apr. May June! 


! 98 / 9945/46 
98 / 9945/46 
98 / 9945/46 
98 / 9945/46 
12 / 1345/46 
00 / 0145/46 
98 / 9945/46 
98 / 99 - 17/18 
04 / 0545/46 
98 / 9945/46 
98 / 9945/46 
21 / 22 - 31/32 
17 / 18 - 45/46 
98 / 9945/46 
98 / 9940/41 
42 / 4345/46 
98 / 9945/46 
98 / 9945/46 
98 / 9945/46 
98 / 9945/46 
98 / 9945/46 
98 / 9945/46 
98 / 9945/46 
26 / 2745/46 
08 / 0945/46 
98 / 9945/46 
13 / 1445/46 
05 / 0645/46 
98 / 9945/46 
98 / 9945/46 
98 / 9945/46 
09 / 1045/46 
98 / 9945/46 
17 / 1845/46 
98 / 9945/46 
01 / 02 - 40/41 
00 / 0145/46 
98 / 9945/46 
06 / 0745/46 
98 / 9942/43 
98 / 9945/46 48 

98 / 9945/46 48 

98 / 9945/46 48 

98 / 9945/46 48 

02 / 03 - 40/41 39 

02 / 0345/46 44 

98 / 9945/46 48 

98 / 9945/46 48 

98 / 9945/46 48 

98 / 9945/46 48 

98 / 9945/46 48 

09 / 1045/46 37 

98 / 9945/46 48 

98 / 9945/46 48 

98 / 9940/41 48 

98 / 9945/46 48 

04 / 0545/46 42 

98 / 9945/46 48 

15 / 1640/41 26 

98 / 9945/46 48 

98 / 9945/46 
04 / 0540/41 


160 331 
261 496 


870 1271 
783 1141 
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Values of N depend on the particular building for which the estimate is 
being prepared and must be found by surveying plans, by observation, or 
by measurement of the building. Values of U for use in this equation are 
the unit fuel consumptions per degree-day and are obtained as a result 
of the collection of operating information. Certain of this information is 
presented later, but before referring to these data attention is directed to 
the nature of the unit. 

Unit Fuel Consumptions per Degree-Day 

The quantity of fuel used per degree-day in a given heating plant can be 
reduced to a unit basis in terms of quantity of fuel or steam per degree-day 
per square foot of radiation, cubic foot of heated building space, or thousand 
Btu hourly heat loss at design conditions. A less frequently used basis 
is quantity of fuel per (degree-day) (square foot of floor area). In fact 
any convenient unit can be used to relate the consumption to the degree-day 
and to the building. 

The choice of these units requires explanation, and some discrimination 
and judgment. If the volume basis is used, the net heated space is prefer- 
able to the gross building cubage since gross cubage includes outer walls 
and certain portions of attic and basement space which are usually un- 
heated. In the absence of data on net heated volume a figure of 80 per 
cent of the gross volume may be used to obtain the estimated net heated 
volume. The volume basis has been rather widely used primarily because 
of its facility in application. In industrial buildings it is usually easier to 
obtain the correct volume of a given building than to measure and evaluate 
the heating capacity of its heating system or calculate its maximum hourly 
Btu loss. The comparison of buildings on a straight volume basis does not 
allow for variation in exposure, type of construction, ratio of exposed area 
to cubical contents, and type of occupancy. It is considered inaccurate 
for purposes of estimating fuel consumption unless the buildings are of very 
similar nature. 

The calculated heat loss or its equivalent square feet of calculated radia- 
tor surface may be used as the unit. The use of the unit equivalent direct 
radiation is of questionable value when referring to heat transfer surfaces 
used in warm air furnace or central air conditioning systems. Where steam 
or hot water radiation is already installed, care should be exercised in using 
the unit equivalent direct radiation basis for estimating, since actual in- 
stalled radiation may differ considerably from the exact radiation require- 
ments. In view of all these considerations it is believed that the unit based 
on thousands of Btu of hourly calculated heat loss for the design hour is prob- 
ably the most desirable, although the one most widely used seems to be 
units of fuel per degree-day per square foot of equivalent direct radiator surface. 
The equivalent heating load for the hot water supply is not included in the 
latter unit, but it generally includes the piping load. 

Since this unit is the one most widely used at present the unit fuel con- 
sumptions given in succeeding paragraphs of this chapter make use of this 
unit to a considerable extent, although it should be understood that most of 
these units of consumption can be transposed as desired. 

Estimating Gas Consumption 

Values of the Unit Fuel Consumption Constant ( U) for gas are given in 
Table 2 for various gas heating values, and different t3rpes and sizes of 
heating plants. They are based on an inside design temperature of 70 F 
and an outside design temperature of 0 F, and apply only to these condi- 
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Tabui 2. Ukit Fuxl Consumption Constants (U) fob Gas^ 
Bated onO F Outtide Temperature, 70 F Intide Temperature, and S-Haur 
Reduction to 60 F. 


Hbatinq Value 
orGAa 

Btu per Cu Ft 

Hot Water 

SXBAlf 

Wabu Am 

Cu Ft Oafl per Degree-Day 
per Sq Ft Radiator 

Cu Ft Gas per Degree-Day 
per 6q Ft Radiator 

Cu Ft Gas per Degree-Day 
per 1000 Btu Hourly 
Design Heat Loss 

Up to 
500 

Sq Ft 

500 to 
1200 

Sq Ft 

Over 

1200 

Sq Ft 

Up to 
300 

Sq Ft 

300 to 
700 
SqFt 

Over 

700 

SqFt 


FanSysteias 

500 

0.142 

0.135 


0.242 


0.220 

0.855 


535 

0.132 

0.126 

0.120 

0.226 

■ilUU 

0.206 

0.800 

0.766 

800 

0.089 

.0.085 

0.081 

0.151 

0.144 

0.137 

0.534 

0.513 

1000 

0.071 

0.068 

0.065 1 

0.121 

0.115 

0.110 

0.428 

0.410 

1 Therm 

Gas Consumption in Therms per Degree- Day 

100,000 

Btu 

0.000708, 

0.000675 

0.000642 jo.00121 

0.00115 

0.00110 

0.00428 



* Abstraetod from Comfort Heating, American 0<u Aatoeiation, 1038. 


tions. For other outside design conditions corrections must be made as 
given in Table 5. 

The factors in Table 2, as corrected if necessap^, are satisfactory for 
regions having 3500 to 6500 degree-days per heating season. In regions 
with less than 3500 degree-days the unit gas consumption is higher than 
given ; where over 6500, the unit is less than given. Ten per cent addition 
or deduction in these cases is recommended by A.G.A. publications. Esti- 
mates for industrial buildings where low inside temperatures are maintained 
cannot be made from this table. 

For gas heating values other than those given in Table 2, simply inter- 
polate or extrapolate. It will also be noted that Table 2 applies only to 
small installations. In general the larger the installation the smaller the 
unit gas consumption becomes and the values in the table should be used 
with care, if at all, in large gas-buming installations. 

Example 6. Estimate the gas required to heat a building located in Chicago, 111., 
which has 6282 degree-days and a gas heating value of 800 Btu per cu ft. The calcu- 

Tablb 3. Unit Fuel Consumption* Constants (U) for Oil** 

Based onO F Outside Temperature, 70 F Inside Temperature, and 8-Hour 
Reduction to 55 F 


Epficxenct in PiB Cent 



40 

50 

60 

70 

80 

Gal Oil per Sq Ft Steam Radiator.. 

0.00172 

0.00137 

0.00114 

0.00098 

0.00086 

Gal Oil per Sq Ft Hot Water 
Radiator. 

0.00108 

0.00086 

0.00072 

0.00062 

0.00054 

Gal Oil per 1000 Btu per Hour 
Heat Loss 

1 

0.00715 

1 

0.00571 


0.00409 

0.00358 


* Baaed on a heating value of 140,000 Btu per gallon. 

** Abetncted by permiasioa from Degree-Ziafr Handbook (Second Edition, 1937), by C. Strock and C. H. B. 
Hotchkiaa. 

*Per d e g re e day. 
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Tablb 4. Unit Fuel Consumption* Constants (U) pob Coai/> 
BcLsed on 0 F Outside Temperature, 70 F Inside Temperature, and 8-Hour 
Reduction to 66 F, 


Untto 

0^ 

EmcnsNCT im Fib Cbnt 

40 

50 

60 

70 

80 

Lb Coal per Sq Ft Steam Radiator.. 

0.0200 

0.0160 

0.0133 

0.0114 

0.0100 

Lb Coal per Sq Ft Hot Water 
Radiator 

0.0125 

0.0100 

m 

0.0072 

0.0063 

Lb Coal per 1000 Btu per Hour 
Heat Loss 

0.0825 

■ 

0.0550 

0.0471 

0.0412 


* Based on a heating value of 12,000 Btu per pound . 

* Abstracted by permission from Degree- Day Handbook (Second Edition, 1037), by C. Stroek and C. H.B 
Hotchkiss. 

* Per degree-day. 


lated heating surface requirements are 1000 sq ft of hot water radiation based on 
design temperature of — 10 F and 70 F. 

Solution. From Table 2, the fuel consumption for a design temperature of 0 F 
with 800 Btu gas is found to be 0.085 cu ft of gas per (degree-day) (square foot of hot 
water radiation). From Table 5, the correction factor is 0.875 for — 10 F outside 
design temperature, hence 0.875 X 0.085 « 0.07438. By Equation 4, 

F - 0.07438 X 1000 X 6282 - 467,255 cu ft. 

Estimating Oil Consumption 

Unit fuel consumption factors for oil, similar to those for gas in Table 2, 
are given in Table 3. The factors in Table 3 apply only to an inside design 
temperature of 70 F and an outside design temperature of 0 F. For other 
outside design temperatures, the constants in Table 3 must be multiplied by 
the values in Table 5 as explained under Estimating Gas Consumption. 

Values given in Table 3 assume the use of oil with a heating value of 

140.000 Btu per gallon. For other heating values, multiply the values in 
Table 3 by the ratio of 140,000 divided by the heating vdue per gallon of 
fuel being used. 

Example 6 . Estimate the seasonal oil consumption of an oil-fired boiler in a build- 
ing located in Minneapolis having a calculated heat loss of 192,000 Btu per hr, burning 

144.000 Btu per gal oil and operating at a seasonal efhciencjr of 60 per cent. The out- 
side design temperature for Minneapolis is — 20 F, and the inside design temperature 
is 70 F. 

Solution. From Table 3, under 60 per cent efRciency and opposite the bottom 
column, the value of U is found to be 0.00476 gal per 1000 Btu hourly heat loss for 0 F 
outside temperature. 


Table 5. Correction Factors for Outside Design Temperatures* 


Outside Design Temp. F Dbg 

-20 

-10 

0 

+ 10 

20 

Correction Factor. 

0.778 

0.875 

1.000 

1.167 

1.400 


* The multipliers in Table 5, which are high for mild climates and low for cold regions, are not in error 
as might appear The unit figures in Tables 2, 3, and 4 are per square foot of radiator or thousand Btu heat 
loss per degree-day. For equivalent buildings and beating seasons, those in warm climates have lower design 
heat losses and smaller radiator quantities than thcjse in cold cities. Consequently, the unit figure in quantity 
of fuel per (square foot of radiator) (degree-day), is larger for warm localities than for colder regions. Sines 
the northern cities have more radiator surface per given building and a higher seasonal degree-d^y total thu 
sitisi in the south, the total fuel per sesson will be Ivger for the northern city. 
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The correction factor for — 20 F outside design temperature from Table 5 is 0.778. 
Solving, 0.778 X 0.0(k76 « 0.00370. Making a further correction for the heating 
value: 

140 000 

0.0037 X 144 * 0 ^ “ 0.0036 gal per 1000 Btu per hr calculated heat loss per degree- 
day. 

From Table 1, the normal degree-days for Minneapolis are 7966. Since U is ex- 
pressed in 1000 Btu, N is equal to 192. Substituting in Equation 4: 

F = 0.0036 X 7966 X 192 = 5506 gal. 

Estimating Coal or Coke Consumption 

Coal or coke consumption estimates are made by following exactly the 
same procedure as for oil. Values of U are given in Table 4 which only 
apply to an inside design temperature of 70 F and an outside design tem- 
perature of 0 F. A correction must be made for other conditions by use of 
the multiplying factors in Table 5. Data in Table 4 are based on 12,000 
Btu per lb coal, and for other heating values of coal they must be multiplied 
by the ratio of 12,000 divided by the heating value of fuel used. 

Example 7. A building in Marquette, Mich., has an hourly heat loss at design 
conditions of 240,000 Btu per hr. Based on an inside design temperature of 70 F and 
an outside design temperature of — 20 F, what will be the estimated normal seasonal 
coal consumption for heating if 12,000 Btu per lb fuel is burned at a 50 per cent sea- 
sonal efficiency, and what part of the total will be used during November, December, 
and January? 

Solution. From Table 4, TJ is 0.0666 lb of coal per 1000 Btu per hr heat loss. Cor- 
recting for the outside design temperature of —20 F from Table 5, the value of U is 
0.778 X 0.0666 = 0.0518. From Table 1, D is 8745 and from the problem, N is 240. 

Substituting in Equation 4: 

F = 0.0518 X 240 X 8745 = 108,718 lb. 

Fuel used over any period is, according to the theory of the degree-day, proportional 
to the number of degree-days during the period. From Table 1, the average number 
of degree-days for November, December, and January in Marquette are 926, 1306, 
and 1465, a total of 3697. The yearly total is 8745, so that during these three months 
the estimated consumption is : 

X 108,718 = 45,961 lb. 

Estimating Steam Consumption 

In estimating steam consumption the efficiency is generally assumed at 
100 per cent. If for low pressure steam an average heating value of 1000 
Btu per pound of steam is used, no correction is necessary. In comparing 
values from different cities, correction should be made for design tempera- 
ture (see Table 5) when the unit figures are in terms of square feet of radia- 
tion but not when the values are in terms of building volume or floor space. 

Where the heat loss is calculated in Btu per (hour) {degree dijferencein 
temperature) the simple Equation 5 may be used: 


( 5 ) 


where 

F B pounds of steam required for estimate period. 

U » calculated heat loss, Btu per (hour) (degree difference) . 
D a number of degree days for the period of estimation. 

1000 Btu delivered per pound of steam condensed. 



Estimating Fuel Consumption for Space Heating 


429 


In this method the number of degree-days automatically takes care of 
average inside and outside temperature difference. When degree days are 
taken from Table 1, an average inside temperature of approximately 65 F 
is assumed throughout the period. ^If an average inside temperature other 
than approximately 66 F is to be used, the numberof degree-days should be 
obtained for the new base. 


Example 8. An eight-story building in Pittsburgh maintains daytime temper- 
atures of 70 F but allows night temperature to drop to not lower than 60 F. Its calcu- 
lated heat loss is 10,500 Btu per (hr) {degree temperature difference). What is the 
estimated average yearly steam consumption for ouilding heating? 

Solution. Since the average inside temperature is approximately 65 F, the degree- 
days from Table 1, based on 65 F may be used. Therefore, from Table 1, Pittsburgh 
has 5430 degree-days per normal season. Inserting in Equation 5 


1000 


1,368,360 lb of steam. 


Table 6. Steam Consumption of Buildings with Various Types op Occupancy® 


Type op Building 

No. 

Bldgs. 

Average 

Volume 

Heated 

Space 

1000 Cu Ft 

Steam POR 
Heating 

Average 
Hours OP 
Occupancy 

Lb per DD 
per 1000 
CuFt 

Office 

334 

2160 

0.685 

12.1 

Office and Bank. 

49 



13.1 

Office and Printing 

8 

1895 

1.230 

17.7 


7 

4950 


12.9 


26 

1615 


13.2 


16 


0.786 

11.7 

Department Store 

63 



11.1 

Stores 

73 

310 

0.624 

10.4 

Loft 

63 

865 

0.588 

10.0 

Warehouse 

24 


0.459 

9.4 

Hotel and Club 

73 

1795 


22.3 

Apartment or Residence. 

51 

1425 

0.962 

21.8 


22 

1240 

0.482 

12.9 


13 

1540 


21.4 

Manufacturing. 

19 

1350 

0.808 

9.5 

Church 

9 

656 

0.532 

7.9 

Hospital 

4 

3306 

1.194 

22.0 

School 

8 

1115 

0.592 

11.5 

Municipal or Federal 

15 

3215 

0.587 

15.6 

Lodge, Gym, Hall or Auditorium 

12 


0.390 

12.4 

Miscellaneous 

7 

1387 

0.479 

21.4 


® Principles of Economical Heating, National Ataociation of BuUding Otonera and Managera. 


Consideration has been given to the difference in steam utilization of 
different types of buildings and Table 6 shows actual average units for 
these various t3rpes. These figures were obtained from operating results 
in 896 buildings located in all sections of the United States. Being aver- 
ages, and for small groups in each type, the figures may need considerable 
modification to allow for local variations. It should be especially noted 
that the steam used for heating hot water is not included in the values 
given in Table 6. 

Example 9. A store in Philadelphia with a heating system designed to maintain 
70 F inside in 0 F weather has 2^,000 cu ft of heated space. What would be the esti- 
mated average yearly steam consumption of purchased steam for heating? 
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Solution. According to Table 6, a store would use 0.624 lb of steam per degree-day 
per 1000 cu ft heated space. From Table 1, Philadelphia has 4739 degree-days per 
normal year. Inserting in Equation 4: 

F -> 0.624 X 250 X 4739 » 739,284 lb of steam. 

Degree-Day as an Operating Unit 

The degree-day is also widely used as a means of comparing the efficiency 
of the fuel consiunption of one period with another for the same building. 
Since the fuel consumption is proportional to the weather (degree-days) 
and since the periods to be compared may not have the same weather con- 
ditions, the comparison can be made only after the fuel consumptions have 
been computed on a comparable weather basis, that is, upon the actual 
number of degree-days occurring for a given month and year in the city 
under consideration. Since fuel consumption is proportional to the number 
of degree-days, plant operators frequently compute each month the fuel 
bum^ per degree-day by the heating plant. The resulting unit figure, 
by eliminating the outside temperature variable, indicates whether the 
operating efficiency of the plant is above or below the previous month or year. 

The figures in Table 7 illustrate a typical example of a method of using 
the degree-day for making heating comparisons for one building for two 
consecutive heating seasons. The heat quantity figures inserted are pounds 
of steam, but a similar comparison could be made using pounds of coal, 
gallons of oil, or cubic feet of gas. 

For such a comparison, a two-year record is often used, as shown in Table 
7. The year under consideration may then be compared, month by month, 
with the previous year. Colunm 3, Consumption for Heating, would be 
used if the same fuel is used for heating and process steam. Some reason- 
able figure must be assumed for the process requirement and should be 
deducted from the amount shown in column 2. This would leave in column 

Table 7. Heat Consumption Record for Comparison 



Col. 1 

Col. 2 

Col. 3 

Col. 4 

Col. 6 

Col 6 

Col. 7 



Total 

Consumption 

Avg 

Deg Days 

Lb/Deg 

Lb/Dbg 



Consumption 

For Heating 

Mean 

65 F 

Day 

Day/ 





Temp. 

Base 


M Cu Ft 


Sept. 

337,500 

170,500 

65 

146 






834.200 

667,200 

53 

339 

1.966 



Nov 

1,446^600 

1, 2791600 

44 

641 

■KTfliB 


s 

Dec 

2;i76;400 

2;009;400 

25 

1,233 

1,630 

0.804 

3 

Jan 

2,332,200 

2,165,200 

22 

1,297 

1,670 

0.822 


Feb 

2,131,100 

1,964,100 

28 

1,106 

1,775 

0.888 


Mar. 

2,021,900 

1,854,900 

31 

1,032 

1,799 



Apr 

1,241,500 

1,074,500 

43 

647 

1,660 



May 

672.500 

505,500 

55 

303 

1,670 



June 

258,600 

91,600 


50 

1,830 



July. 

188,400 







Aug. 

180,100 

■■IIM 












Total 

13,821,000 


— — 1 






Sept. 

330,200 

146,200 

61 

167 

875 



Oct 

887,100 

703,100 

52 


1,718 


w 

Nov 

1,525,200 

1,341,200 

39 

812 

1,653 


S 

Dec 

2,045.500 

1,861,500 

28 




3 

Jan. 

1,933,400 

1,749,400 

30 





Feb 

1.990.200 

1,806,200 

30 

1,111 

1,624 



Mar 

1,984,100 

1,800,100 

81 



0.868 


If, for ozample, the heat oonsumption in March, 1948, is compared with that in March, 1944, it will be found 
that in tito latter toe steam consumption is 1799 — 176u « 89 ib lass which is a decrease of 2.8 per cent. 
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Table 8. Boildino Load Factobb and Demands or Sous Detroit Buildings 


BunDINQ Clabbitioation 

* 

Load Factor 

Lb or Demand per (Hour) 
(Sq Ft or EQurrALRirr In- 
BTALLED RaDUTOR SURTAGR) 

Club? and 

0.318 

0.184 

Hotels ..... 

0.316 

0.207 

Printing 

0.287 

0.217 


0.2G3 

0.200 

Apartments 

0.255 

0.225 

0.182 

Retail Stores ' 

0.238 

Auto ShI^s and 55ervira 

0.223 

0.248 

Banks 

0.203 

0.158 

Churches 

0.158 

0.152 

Department Stores 

0.138 

0.145 

Theaters 

0.126 

0.151 



3 only the fuel chargeable to heating. The degree-day values in column 5 
are obtainable from the local Weather Bureau. Figures in column 6 are 
obtained by dividing corresponding values in column 3 by the degree days 
in column 5. The heating index in column 6 is, then, a figure of heat con- 
sumption, corrected for outdoor temperature, and should be relatively con- 
stant month by month. Column 7 in Table 7 may be used if the heat 
consumption is to be compared on a building volume basis with average 
values shown in Table 6. 

MAXIMUM DEMANDS AND LOAD FACTORS 

In one form of district heating rates, a portion of the charge is based 
upon the maximum demand of the building. The maximum demand may 
be measured in several different ways. It may be taken as the instantane- 
ous peak or as the rate of use during any specified interval. One method 
is to take the average of the three highest hours during the winter. These 
figures are available for a number of buildings in Detroit, as shown in 
Table 8‘. 

These maximum demands were measured by an attachment on the con- 
densation meter and therefore represent the amounts of condensation passed 
through the meter in the highest hours, rather than the true rate at which 
steam is supplied. There might be slight differences in these two quantities 
due to time lag and to storage of condensate in the system, but wherever 
this has been investigated it has been found to be negligible. 

The load factor of a building is the ratio of the average load to the 
mnvimiim load and is an index of the utilization. Thus, in Table 8, the 
theaters, operating for short hours, have a load factor of 0.126 as compared 
with the figure of 0.318 for clubs and lodges. 

SEASONAL EFFICIENCY 

The task of predicting fuel consumption within reasonably accurate 
limits is a simple one where sufficient experience data are available for the 
fuel in question. Such data can be analyzed to the point where average 
uni t, factors can be determined and expressed in such terms as, for example, 
cubic feet of gas actually burned per (square foot of calculated steam radia- 
tor surface) (degree-day). The imit U can be inserted directly in Equation 

4 without reference to efficiency. Such experience factors are available for 
gas (see Table 2) and for district steam (Table 6), but not for coal or oil. 
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Since values of V are not available for oil or coal, an assumed seasonal 
efficiency E must be used. Selection of a value for this E must be made 
with caution, for its use implies a meaning not commonly associated with 
the word efficiency and consequently is frequently misleading. 

The input of heat to a building consists not only of the energy in the fuel 
but that from occupants, the sun, appliances, processes, and all other 
sources. In many cases these make up, over a period, an important per- 
centage of the total heat required, and if they are not taken into account a 
calculation of efficiency can show a figure over 100 per cent. 

For this and other reasons the actual seasonal efficiency is a difficult 
thing to determine. I\iblished data are widely scattered and insufficient. 
From the available published material it is found that the seasonal effi(acncy 
varies over a wide range, depending on the fuel used, and it varies widely 
even for a given fuel. For example, in a recent survey of 30 houses in one 
locality there was found a variation of from 45 to 75 per cent in the utiliza- 
tion efficiency depending on the fuel®. 

REFERENCES 

‘ Graphical Method of Calculating Heat Losses, by Paul D. Close (A.S.H.V.E- 
Transactions, Vol. 49, 1943, p. 345). 

* Standard Gravity Code for the Design and Installation of Gravity Warm Air 
Heating Systems (11th edition), and the Technical Code for the Design and Installa- 
tion of Mechanical Warm Air Heating Systems {National Warm Air Healing and Air 
Condition Aseociation) . 

* See Industrial Gas Series, House Heating {third edition), published by the Amer- 
ican Gas Association. 

* Report of Commercial Relations Committee, Proceedings, National District Heat- 
ing Association, 1932. 

* The Heat Requirements of Buildings, by J. H. Walker and G. H. Tuttle (A.S.H. 
V.E. Transactions, Vol. 41, 1935, p. 171). 

* Heat Losses and Efficiencies of Fuels in Residential Heating, by R. A. Sherman 
and R. C. Cross (A.S.H.V.E. Transactions, Vol. 43, 1937, p. 185). 



CHAPTER 21 

GRAVITY WARM AIR SYSTEMS 


Warm Air Leaders, Stacks, and Registers; Return Air Grilles, Ducts, and 
Connections; Outline of Design Procedure 


W ARM air heating systems of the gravity type are described in this 
chapter^. In these systems the motive head producing flow depends 
upon the difference in weight between the heated air leaving the top of 
the casing and the cooled air entering the bottom of the casing, while in the 
mechanical type a fan may supply all or part of the motive head. 

A gravity warm-air furnace heating plant consists of a fuel-bumi^ 
furnace or heater, enclosed in a casing of sheet metal, which is placed in 
the basement of the building. The heated air, taken from the top or sides 
near the top of the furnace casing, is distributed to the various rooms of 
the building through sheet metal warm-air pipes. The warm-air pipes in 
the basement are known as leaders, and the vertical warm-air pipes which 
are run in the inside partitions of the building are called stacks. The 
heated air is finally discharged into the rooms through registers which are 
set in register boxes placed either in the floor or in the side wall, usually at 
or near the baseboard. A sectional view of a typical plant showing good 
installation practice is given in Fig. 1. 

The air supply to the furnace is usually taken entirely from inside the 
building through one or more recirculating ducts, although in some cases an 
outside air supply duct is provided. 

WARM AIR LEADERS, STACKS, AND REGISTERS 

In a gravity circulating warm-air furnace system, the size of the leader 
pipe to a given room depends upon the length of the leader and the tem- 
perature of the warm air entering the room at the register. For most 
successful operation, the furnace should be centrally located with respect 
to register and stack positions so that the leaders will be of uniform length 
and as short as possible, in which case the frictional resistance to air flow 
and the temperature loss from the ducts will be about the same for all runs. 

In the Standard Code for Installation of Gravity Warm Air Heating 
Sj^^stems, the design was originally based on the heat carrying capacities 
per square inch of leader pipe area with register air temperatures of 175 F. 
In a recent revision of the entire design procedure, as shown in the section 
entitled Outline of Design Procedure, the carrying capacities of leader pipes 
have been expressed directly in terms of Btu per hour. 

In general it is advisable to use two or more leader pipes to rooms re- 
requiring more than the capacity of a 12 in. round pipe. The tops of all 
sizes of leader pipes should be cut into the furnace bonnet at the same 
elevation, and from this point there should be a uniform upgrade of at least 
1 in. per foot of run. Leaders over 12 ft in length, or having a large num- 
ber of elbow fittings should be avoided if possible. In cases where such 
leaders are necessary, it is recommended that smooth transition fittings 
be used, and that duct insulation be applied. Asbestos paper, unless of 
the corrugated type, should not be considered as insulation. To assist 
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in balancing the air distribution of the system, a damper should be placed 
in each leader pipe except one, this latter leader preferably being connected 
to a room heated at all times, such as a living room. 

In a gravity circulating system, the ratio of stack to leader area is quite 



Fig. 1. A Sectional View of a Typical Plant Showing 
Good Installation Practice* 


A. House'chimnGy, no bends nor offsets. 

B. Top of chimney at least 2 ft above ridge of roof. 

C. Flue lining, fireclay. 

D. All joints air tight. 

E. At least 8 in. brick. 

F. No other connection beside that to furnace. 

0. Cleanout frame and door, airtight. 

H. Snmke pipe, end flush with inner surface of flue. 

1. Draft dwr. 

J. Use flue thimble. 

K. Casing body. 

L. Casin^hyd or bonnet, top of all leader collars on 

M. Round l^er, pitch 1 in. per foot. 

* From N.W,AM,dtA,C,Atan. Standard Code Ai 


N. Sleeve with air space around leader where pass- 
ing through wall. 

O. Dampers in ail leaders, except one 

P. Transition fittinn. 

Q. Rectangular wall stack. 

R. Baseboard roister. 

8. Distribute pipes equally around bonnet. 

T. Floor register. 

U. Return air face. 

V. Panning under joist. 

W. Transition collar. 

X. Round return pipe. 

Y. Transition shoe. 

Z. Top of shoe at casing not above grate level, 
ication Manual. 


important, although little is gained by providing wall stacks with areas 
in excess of 75 per cent of their connected leader pipe area. In most cases 
a in. X 12 in. stack is the largest which can be installed in normal wall 
construction. Hence, any room having a heat loss much in excess of 9000 
Btu per hr, will require two or more stacks, or one oversized stack built into 
a 6 in. studding space, providing the design register temperature is to be 
retained at the value (tf 175 F as recommended. 
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Registers used for discharging warm air into rooms should have a net 
area not less than the area of l^e leader pipe to which the register is at- 
tached. First story registers should be connected through boot and roister 
box extensions having areas at least equal to leader areas. Upper story 
registers should be of the same width as the wall stack, and should be placed 
either in the baseboard or sidewall, preferably without offsets. First stoiy 
registers may be of the baseboard or floor type, with the former location 
preferred. High sidewall registers in gravity systems deliver more warm 
air into the room than do baseboard registers, but most of the ad(htional 
air merely results in high temperatures at the ceiling. 


RETURN AIR GRILLES, DUCTS. AND CONNE CTIONS 

The placement and number of return grilles will depend upon the size, 
details, and exposure of the house. Small compactly built houses may be 
adequately served by a single return grille effectively placed in the central 
haJl. It is usually desirable to have two or more returns, provided that in 
two-story residences one return is placed to effectively receive the return 
air at the foot of the stairs. A return air connection must be carried to 
any room whose floor level is below that of adjacent rooms. 

The return air grilles should have free areas at least equal to the ducts to 
which they connect and should be installed in the floor, or in the base- 
board with the top edge of the grille not more than about 14 in. above the 
floor line. Frictional resistance in the return air system is as detrimental 
as is resistance in the warm-air system, so that care should be exercised 
in locating return air grilles which require long return ducts. 

Where a divided system of two or more returns is used, the grilles must 
be placed to serve the maximum area of cold wall or windows. Thus, in 
rooms having only small windows the grilles can be brought as close to 
the furnace as possible, but if the room has large window exposure the 
grille should be located near the exposure. The frictional resistance of the 
long ducts used in parallel with short return ducts must be reduced to com- 
pensate for the length. Return ducts from upstairs rooms may be neces- 
sary in spaces which are closed off from the rest of the house or which have 
much outdoor exposure. Return grilles on different floor levels should not 
be connected to the same vertical return duct. 

The ducts through which air is returned to the furnace should be designed 
to minimize resistance to air flow. They should be of ample area, in excess 
of the total area of warm-air pipes, and should be streamlined. Hori- 
zontal ducts should pitch at least § in. per foot downward toward the 
furnace, avoiding fittinp which would require lifting of the return air after 
the duct has passed under some obstacle. 

Ducts returning air to the furnace should avoid heat sources which 
tend to reheat the return air. If the duct must be run over the top of the 
furnace, or above the vent pipe from the furnace, insulation should be inter- 
posed between the heat source and the duct. 

Circulation of air is facilitated if the air can slide down a pipe inclined at 
approximately 45 deg and into a furnace shoe connection having a cross- 
sectional area equal to that of the pipe. The top of the return shoe should 
enter the casing below the level of the grate in the case of a coal furnace, 
and not more than 14 in. above the floor in the case of oil or gas furnaces. 
In order to accomplish this the shoe is made wide. 
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OUTLINE OF DESIGN PROCEDURE 

The data underlying the design procedure are given in detail in a circular^ 
issued by the University of Illinois. In this procedure the design of the 
warm-air duct system is considered as an entire unit, so that for a given 
heat loss the sizes of leaders, stacks, boots, stackheads, and registers are 
all correlated. Similarly in the case of return ducts, the selection specifies 
a complete unit consisting of return grille, return duct, and shoe connection. 

Recommended Standard Sizes 

For the purpose of simplification and standardization, selected combina- 
tions of commercial sizes of warm air pipes, return air pipes, ducts, grilles, 
fittings, and registers are designated as Combination Numbers. The 
numbers assigned and the combinations selected as standard are listed in 
the following Tables 1 to 4 inclusive*. 


Table 1. Fibst Stobt Wabm-Aib Ducts* 


Combination 

No. 

Leader Pipe 
Diameter. In. 

Register Size. In. 

Floor 

Baseboard 

Size 

Extension 

1 

8 

8x 10 



2 

9 

9x 12 



3 

10 

10x12 



4 

12 

12x14 



.> 

14 

14x16 

IHISISiH 



* When the calculations indicate a requirement for a given room greater than Combination No. 4, two or 
more smaller units totalling the required capacity are recommended. 


Table 2. Second Story Warm-Air Ducts—Single Wall Stacks and Fittings 


Combi- 

nation 

No. 

Leader 

Pipe 

Diameiek, 

In. 

Stack *» 

Sl7E 

In. 

1 Register Size, In. 

Floor 

1 Baseboard 

Sidewall 

Size 

Extension 

mm 



8x 10 

10 X 8 


10x8 



12xSH 

9x 12 

12 X 8 

2ii 

12x8 

■9 


14x3Ji 

lOx 12 

12 X 8 

2M 

12x8 

15 


12 V 


12 X 9 



16 

■B 



13 X n 




^ Recommended stack sizes. Tables may also be applied to 3 in. and 3 Vs in. stack depths. 


Table 3. Second Story Warm-Air Ducts— Double Wall Stacks and Fittings 



Leader 

Pipe 

Diameter, 

In. 

Stack Size, In. 

Register Size, In. 

Internal 

External 

Floor 

Baseboard 

Sidewall 

Size 

Extension 

21 

mm 



8x10 

10x8 



22 


3 xlO 

3H xlOH 

8x10 

10x8 



23 


2J^cxl2 


9x12 

12x8 

2H 

B 

24 

■■ 

3 xl2 

3H xl2^ 

9x 12 

12x8 

2K 

B ^99 


* Commercial sbes vary y% in. from values riiown. 
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Table 4. Return Aib Ducts 


COMBl- 

NATION 

NO. 

Duct 

Dia. 

In. 

Area at 
Shoe Con- 
nection. 
SqIn. 

Metal Grille Sizes 

When Joist Lining 

IS USBO^ 

When Dlxt is 
Used 

Choose One 

No. of 
Joists 
Lined 

m 

Choose One 

A 

B 

c 

31 

mm 



8x14 

10x12 

1 

7 

14x 6 

12x 8 

32 

mm 


6x30 

8x24 

12x14 

1 

9 

22x 6 

16x 8 

33 


170 

8x30 

•TiFvn 

14x16 

1 

12 

28x 6 

22x 8 

34 

16 


10x30 

tvtpn 


2 

8 

28x 8 

22x10 

35 

18 

280 

12x30 

itiM 


2 

10 

36x 8 

28x10 

36 

20 

340 

14x30 



2 

12.5 

36x10 

30x12 

37 

22 

420 

18x30 



2 

15.0 

42x10 

36x12 

38 

24 


20x30 



2 

18.0 

42x12 

36x14 


* Baaed on 14 in. space between joists. 

* Use full depth of joist except when joist depth is less than minimum depth required, when pan miiet b* 
ueei. 




6 



C 



D 


E 






F 


G H I 

Fig. 2. Typical Warm Air Boots 


Table 5. Resistances of Warm Air Boot Combinations 
Expressed in Elbow Equivalents 


Warm Air Boot 

Name of Combination 

Equivalent No. of 
90-Deg Elbows 

A 

45-Deg Angle Boot and 45-Deg Elbow 

1 

B 

90- Deg Angle Boot 

1 

C 

Universal Boot and 90-Deg Elbow 

1 

D 

End Boot 

2 

E 

Offset Boot 


F 

G 

45-Deg Angle 

Floor Register — ^Second Story 

3 

H 

Offset 

3 

I 

Offset 

2 
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yj“/o —1 OwwVff/>?C^5_ 

*J1vM shield QX‘ *- 

finding /o* bxyond^A 
casing. ^ ' 


1 

^ ^tur space- apan 


Insulated 
oir space or coh- 
ered with magfM- 
3 / 0 . asbestos, or 
sand 

Inner hner-from 
top casing ring to 
grate le^/el 



tfetat casing 


Fio. 3. Dbtailb of Fubnacb Bonnet, Casino, and Foundation 
(Fbou Gbavitt Code and Manual) 


The selected types of boots are shown in Fig. 2 and their resistances ex- 
pressed in equiv^ent elbows are shown in Table 5. It is essential that free 
areas be maintained throughout fittings. 

Figs. 3 and 4 show recommended practice as given in the N.W.A.H. 
& A.C. Asm. For construction, design features, and ratings of gravity 
furnaces see Chapter 18. 


Canying Capacity 

The Btu carrying capacities of the selected warm air and return air 
combinations are shown in Tables 6, 7 and 8. 

The selected ts^pes of return air ducts and fittings are shown in Fig. 5. 


Su/aport toj ^t \ 

* or less 


/ia.5onry if/all 

Mepa! fhimb/e 
CoJJpr 



j^ts taped hfi fh 
asbmsfos papdr 

collar 


Insulated hath 3 lagers 
Of air cell asbesios paper 
Wher> pipe passes thru 
unheared space. 


Fio. 4* Dbtailb of Bonnet and Lbadeb of Gravity Warm-Air Furnace 
I i0 (From Gravity Code and Manual) 
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TabiiE 6. Wabm Aib Cabbting Capacity, Btit Delivbbbd, Fibst StobtRbgibtebs^ 
Length of Leader Pipe — in Feet 


Combi- 

nation 

No. 

No. OF 
Elbows 

4 Ft 

6 Ft 

8 Ft 

10 Ff 

12 Ft 

14 Ft 

16 Ft 

18 Ft 

20 Ft 

22 Ft 

24 Ft 

1 


6.020 

5,850 

5,680 

5,510 

5,340 

5,170 


4.830 

4,660 

4,400 

4,320 

•j 


mtmA 

7.400 

7,180 

6,970 


6,540 

6.320 

C.llO 

5,800 

5.680 

5,460 

S 

1 

9,400 

0,140 

8,870 

8,600 

8,340 

8,070 

7,810 

7.540 

7,270 

MiJO] 

6,740 

4 


13.350 

12,070 

12,590 

12,210 

11,830 

11,450 

11,080 


10,320 

0.950 

0,560 

5 


17,520 

17.020 

10,530 

16,040 

15,550 

15.050 

14,550 

14,050 

13,560 

13,060 

12.660 

1 


.5.850 


5,490 

5,330 

5,160 


4.840 

4,670 

4,510 

4.340 

4.180 

2 


7,360 

7,150 

6,940 

■tarnoi 

6,520 

0,320 

6,110 

5,010 

5,700 

5,500 

5.290 

3 

<1 

0.090 

8,840 

8,580 

8.320 

8,060 

■rKM!] 

7,550 

7.290 

7,040 

6,780 

6,520 

4 


12.910 

12,540 

12.170 

11,800 

11,430 

ll.OfiO 

10,690 

10..320 

9,950 

9,580 

9,210 

5 


Mjjjgyi 

16,450 

15,990 


15.&i0 

14,550 

14.080 


13.120 

12,650 

12,150 

1 


5.620 

5,460 

5,310 

.5,150 

4.990 

4,830 

4,670 

4.510 

4.350 

WIHWi 

4,030 

2 


7.120 

6,910 

6,710 

6,510 

0,310 

6.110 

5,900 

5,700 

5,500 


5,100 

3 I 

3 

8.780 

8.530 

8,280 

8,0.30 

7,780 

7,530 

7,290 

7,010 

6,800 


6,300 

4 


12,450 

12,100 

11,750 

11,400 

11,050 


10.350 

iPXililtl 

9,660 

9..300 

8.950 

5 1 


16.360 

15,900 

1.5.440 

14,970 

14,510 

14,050 


13,130 

12,660 

12,200 

11,750 

1 


5,420 

5.260 

5.110 

4,060 

4,800 

4,650 

4..500 

4.360 

4,190 

4,010 

3.890 

•» 


O.SGO 

6,660 

6,460 

6,270 

6,080 

5,890 

5,690 

5..500 

5,300 

5.110 

4,010 

3 

4 

8.460 

8,200 

7.980 

7,740 

■rRfim] 

7,260 

7,020 

6.780 

6,550 

6,310 

6,070 

4 


12,010 


11.330 

10.990 

10,650 

10,310 

9,970 

9.C30 

9,290 

8,950 

8.010 

5 


1.5,770 

15,320 

14,880 

14,420 


13.540 

13,100 

12.650 

12.200 

11,750 

11,310 

1 


5.240 

5.090 

4,040 i 

4,790 

4,040 

4,500 

WBSSl 


4.050 

3.910 

■HCM 

2 


6.630 

6,440 

6.2.50 

6,060 

5.880 

5,690 

5,500 

6..320 

5,130 

4,940 


3 

5 

8.180 

7,950 

7,720 


7,260 

7,0.30 

■tiaiuM 

6,660 

6,3.30 

6,100 


4 


11,610 

11,290 

10.9.50 

10,620 

10,300 

0,970 

9,640 

9,320 

8,990 

8.6^ 

8,320 

5 


15,250 

14,800 

14.380 

13,950 

13,.520 

1.3,090 

12,650 

12,230 

j 11.800 

11,370 



* Additional values for 6 and 7 elbows are given in original Manual. 


Table 7. Warm Air Carrying Capacity, Btu 
Delivered, Second Story Registers* 
Length of Leader Pipe — in Feet 


Combi- 
nation 
No. »'.« 

No. OK 
Elbows 

4 Ft 

6 Ft 

8 Ft 

10 Ft 

12 Ft 

14 Ft 

IGFi 

18 Ft 

20 Fr 

22 Ft 

21 Ft 

11-22 


8.370 

8,140 

7,900 

7,670 

7,430 

7,190 

6,950 

6,710 

6,470 

6,240 

6,000 

12-24 


10,040 

9,700 

9,470 

9,190 

8,900 

8,620 

8,330 

8,050 

•7,770 

mgSM 

7,200 

14 

1 

11,710 

11,380 

11,050 


10,390 

10,060 

9,720 

9,390 

9,060 

EaSd] 

8,400 

15 


16,200 

15,750 

15,300 

14,840 

14,380 

13,920 

13,460 

IMOIiHB 

12,550 

12,100 

11,640 

16 


18,920 

18,390 

17,850 

17,310 

16,780 

fjjgg 

15,710 

15.180 

iggjji 


13,570 

11-22 


7,940 

7.720 

7.500 

7.280 

7,050 

6,830 

6,600 


6,150 

5.930 

5,700 

12-24 


0,540 

IDSD] 

9,000 

8,730 

8,460 

8,190 

7,920 

7,650 

7,380 

7,110 

6,840 

14 

2 

11,120 

10,810 


10,180 

9,870 


9.230 

8,920 

8,610 

8,290 

7,980 

15 


15,400 

14,970 

14,530 

14,100 

13,670 

13,230 

12,800 

12,360 

11,930 

11,500 

11,070 

16 


17,980 

17,470 

MjJjJjjjJ 

16,450 

16,950 

15,430 

14,830 

14,420 

•Jgjjl 

13,400 

12,890 

11-22 


7,530 

7,320 

7,110 

|S| 

6,680 

6,470 

6,250 

6.040 

5,830 

5,620 

5.400 

12-24 


0,030 

8,780 

8,520 

8,270 

8,010 

7,750 

7,500 

7,240 

6.990 

6.730 

6.470 

14 

3 

10,530 

10,240 

9,940 

9,650 

9,350 

9.050 

8,750 

8.450 

8,160 

7,860 

7,560 

15 


14.580 

14,180 

13.780 

13,370 

12,950 

12,530 

12,120 

11,710 

11,300 

10,890 

10,480 

16 



16,550 


15.580 

15,110 

14,620 

14,140 

13,660 

13,180 

12.700 

12,210 



7.120 

I1B 

6,720 

6,520 

6.310 

6,110 

5,000 


5,500 

5.300 

5,100 



8,530 

8.200 


7,810 

7,670 

7,330 

7,080 

6,840 

6,600 

6,360 

6.120 

■kB 

4 

0,050 

EES!] 

9.390 

9.110 

8,830 

8,550 

8,260 

7.980 

7,700 

7,420 

7,140 



13.780 



12,610 

12,220 

11,830 

11,440 


10,670 

10.280 

9.890 

16 


16,080 

15,620 

16,170 

14,710 

14,260 

13,810 

13,350 


12,440 

11.980 

11,530 

11-22 


6,700 

6,510 

6,320 

6,130 

5,940 

5,750 

5,560 

5,370 

5,180 

4,990 

4,800 

12-24 


8,040 

7,810 

7,580 

7,360 

7,130 

6,900 

6,670 

6,440 

6,220 

5,990 

5.760 

14 

5 

0,370 

9,110 

8,850 

8,580 

8,310 

8.050 

7.780 

7,610 

7,250 

6.980 

6,720 

15 


12,970 

12,600 

12,240 

11,870 

11,500 

11,140 

10,770 

10,400 

10,010 

9.680 

9,310 

16 


15,140 


14.280 

13,850 

13,420 


12,570 


11,710 

11,280 

10,850 


* When floor registers are used, see Fig. 2. 

^ No. 21 for Btu values multiply 11-22 values by 0.83. 

* No. 28 for Btu values multiply 12-24 values by 0.88. 
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Tablb 8. Rbtubn Aib — Cabbting Capacity — ^Btu Ssbviced 


Return 
Air Com> 

BINATION 

No. 

Duct 

Dia 

In. 

Type A 
Btu per 
Hr 

Types B 
AND C Btu 
per Hr 

Type D 
Btu per 

H> 

Type E 
Btu per 
Hr 

Type F 
Btu per 
Hr 

Return 
Air Com- 
bination 
No. 

31 

10 j 

11,300 

9,500 1 

Rsa 

5,000 1 


31 

32 

12 

16,300 

13,700 

11,300 

7,200 


32 

33 

14 

22,200 

18,700 

15,300 

9,800 

15,300 

33 

34 

16 

29,000 

24,400 

20,000 

12,800 

20,000 

34 

35 

18 

36,700 

30,800 

25,300 

1 16,200 

25,300 

35 

36 

20 

45,300 

38,000 

31,300 

1 20,000 

31,300 

36 

37 

22 

54,800 

46,000 

37,800 

24,100 

37,800 

37 

38 

24 

65,200 

54,800 

45,000 

28,700 

45,000 

38 


Design Procedure 

The steps to be taken in designing a gravity warm air duct system are : 

1. Calculate the heat loss from each room as explained in Chapters 6, 8 and 14. 

2. Prepare a layout showing (a) furnace, (b) chimney connection, (c) warm air 
registers (whether floor, baseboard or wall), (d) return air grilles. 

3. Indicate on each warm air run (using symbols shown in Fig. 6) ; (a) whether the 
room to be heated is on the first or second story, (b) the approximate length of leader 
pipe in the basement, (c) the number of right angle elbows required, including the 
elbow at the boot connection (see Fig. 2), (d) whether the register is to be located in 
the floor, in the baseboard, or in the wall. 


r V.-/- / r 6 ''//<• f /■ 'oo'- 

Trar.siNon 
^ ^ Mettif 

Dtamef&r' '' 

Drowbetna'- 
Rtturn A:r 



Typt A 


Up to 21)' 




I 



Typ. D 



Same as Type E 
except that col- 
lar and shoe are 
same os for Type 
A. 


Typ»F 




Fig. 5. Typical Abbangements op Retubn-Aib Duct Systems 
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4. Show the number and proposed locations of return air grilles and the type of 
return air system (see Fig. 5) . 

6. From Table 6, for first story, or from Table 7 for second story, select the combi- 
nation number for the warm air systenj which will supply the heat required to each 
room, with the number of elbows and length of leader "pipe previously determined. 
Then, using the combination number as found, read directly in Tables 1, 2, or 3 the ^ 
leader, stack, and register sizes required. 

6. From Table 8 select the combination number for the return air system to corre- 
spond with the Btu serviced and the type of return air system. Then from Table 4 
select the duct and grille sizes, etc., corresponding to the same combination number. 

7. Select a furnace having a register delivery, in Btu per hour, equal to the total 
heat loss from the structure. 



Fig. 6. Typical Basement Line Drawing 


Design Examples 

Examples 1 and 2 will illustrate the use of the tables in selecting warm air 
and return system sizes. 

Example 1, For a room which has a heat loss of 22,500 Btu per hr select the size 
of first story warm air system. There are three elbows and the leader is approxi- 
mately 10 ft long. 

Solution: Since 22,500 Btu is beyond the capacities shown in Table 6, it is neces* 
sary to select two units of 11,250 each. From Table 6 in 10 ft leader column and in 
section for three elbows, find 11,400 as nearest capacity which corresponds to Com- 
bination Number 4 in first column. Refer to Combination Number 4 in Table 1 and 
find that the leader should be 12 in. in diameter and should be used with a 12 X 14 in. 
floor register or a 13 X 11 in. baseboard register with a 5i in. extension. 

Example 2. What is the size of a return system of Type D which is to service 
35,000 Btu per hr? 

Solution: From Table 8 find Combination Number 37 which will service 37,800 
Btu per hr. Refer to Table 4 to find that Combination Number 37 will require a 
22-in. diameter duct, a shoe area of 420 sq in., a metal grille 18 X 30 in., a duct 42 X 10 
in. or 36 X 12 in. If joist lining is used the minimum depth should be 15 in. for two 
2-joist spaces 14 in. wide, or 10 in. for three joist spaces. 
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MECHANICAL WARM AIR SYSTEMS 


Air Distribution, Standard Combinations of Parts, Simplified Design of Heating 
System, Automatic Controls, Design Procedure for Larger Systems, Adjustment 
of System for Continuous Air Circulation, Cooling Methods 


I N mechanical warm air or fan furnace heating systems^ the air circula- 
tion is effected by motor-driven centrifugal fans, commonly referred to 
as blowers, instead of by the difference in weight between the heated air 
leaving the top of the casing and the cooled air entering the bottom, as in 
gravity systems described in Chapter 21. The advantages of mechanical 
systems, as compared with gravity systems, are : 

1. The furnace need not be centrally located but may be placed in any part of the 
basement. 

2. Basement distribution piping can be made smaller and can be so installed as to 
give full head room in all parts of the average basement, or be completely concealed 
from view where desired. 

3. Circulation of air is positive, and in a properly designed system can be balanced 
in such a way as to give a greater uniformity of temperature distribution. 

4. Humidity control is more readily attained. 

6. The air may be cleaned by sprays or filters, or both. 

6. The fan and duct equipment may be utilized for a complete cooling and de- 
humidifying system for summer, using either ice, mechanical refrigeration, or low 
temperature water for cooling and dehumidifying, or adsorbers for dehumidifying^ 

7. The use of the fan increases the volume of air which can be handled, thereby 
increasing the rate of heat extraction from a given amount of heating surface and 
insuring sufficient air volume to obtain proper distribution in a large room. 

8. Ventilation air may be positively introduced and heated. 

The construction features of mechanical warm air furnace units and dis- 
cussions of the function and selection of the various parts, such as the 
furnace, casings, motors, filters and controls are included in Chapter 18. 

AIR DISTRIBUTION 

The conditions of comfort obtained in a room are influenced greatly by 
the type of register used and the locations of the supply registers and return 
grilles. In general it has been found that changes in the type, air velocity, 
and location of the supply register affect the room conditions much more 
than the changes in the location of the return grilles. One method is to 
locate the supply register near the floor, or high in the side wall, so that the 
warm air from the register blankets a cold wall , and mixes with the cold air 
descending from the exposed walls and glass. Another method is to locate 
the supply openings near the floor, or high in the side wall, on the inside 
wall and the return openings near the greatest outside exposure. In any 
case the warm air registers should be located so that the air stream never 
discharges directly into space that will normally be occupied by people at 
rest. Tests in the Warm Air Research Residence* have indicate that con- 
tinuous blower operation gave better results than intermittent operation, 
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Register and Grille Openings 

Supply registers located in the floor require attention to keep them clean 
and are usually avoided. Tests conducted in the Warm Air Research 
Residence at the University of Illinois have indicated that comparable 
results are obtainable with either high side wall or baseboard registers, if 
proper registers and air velocities are selected. Baseboard registers should 
be of a deflecting-diffuser type which throw the air downward toward the 
floor and diffuse it at the same time. For baseboard registers air tempera- 
tures under 125 F and air velocities over 500 fpm should be avoided as they 
may cause drafts. 

High side wall registers must be of such type that the air is delivered 
horizontally or in a slightly downward direction, and must be so located as 
to avoid impingement of air on ceiling or wall. Directional flow diffusing 



Fio. 1. Recommended Type of Base- Fiq. 2. Recommended Type of High 
Boabd and Low Sidewall Registers* Sidewall Registers’’ 

* Vertical ban with adjustable deflection, or fixed vertical bars with deflections to right and left not 
exceeding about 22 deg. For low sidewall location, the deflection for horizontal, multiple valve, registen 
should not exceed 22 deg. For baseboard locations, the deflection for horizontal, multiple valve, registers 
should not exceed about 10 deg. 

^ Horisontal valves, in back or front, to give downward deflections not to exceed from 15 to 22 deg. 


type registers should be used to insure best results. Register air velocities 
should be such that the air velocity will be about 50 fpm three quarters of 
the distance from the register to the opposite wall. 

Velocities throu^ registers may be reduced by the use of registers larger 
th^ the connecting ducts. Diffusers should be used to spread the air 
uniformly over the repster face. Basic rules for the location and selection 
of registere are given in Section C of Manual No. 7 of the National Warm 
Air Heating and Air Conditioning Association. 

Reuters ^ould be well proportioned and decorated to harmonize with 
the^ trim. Air supply registers should be equipped with dampers and all 
register should be sealed against leakage around edges. The register types 
shown in Figs. 1 and 2 have been recommended as standard by the National 
Warm Air Heating and Air Conditioning Association. 

Return w grilles may be located in hallways, near entrance doors, under 
windows, in exposed comers, or inside walls, depending on location of 
supply registers. Baseboard returns are preferable to floor grilles. 
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Tablb 1. Wabm Aib Duct Stbtbm Combinations or Pabtb 
Selbcted ab Standabd 


Combina- 

Stack Size In. 

Bbancb Pipb « 

SzzK, In. 

Rboibtbb Szzb, In. 

(SbB FZGB. l^AND 2) 

Requzbbd 
Incbeabe zn 

WZDTB OF 

Tbunx 
Duct, In. 

tion No. 

Roxtnd 

Rbc- 

TANGULAB 

Babb-boabd 
Hzqb OB Low 
Bzdbwall 

Floob 

Regzbtbbb* 

1 

2 

3 



6 

7 

41 

10x3i 

6 



1 8 X 10» 

1 

42 

10x3} 

6 

4x8 

10x6 


2 

43 

12 X 3} 

7 

5x8 

12x6 

9 X 12“ 

3 

44 

14x3} 

8 1 

6x8 j 

14x6 

9 X 12“ 
or longer 

4 

45 

10x3} 

(2-StackB) 

9 

8x8 

(2) 10 X 6 
or 

(1) 24 X 6 

10x12“ 

5 

46 

12x3} 

(2-StaclcB) 

10 

10x8 

(2) 12 X 6 
or 

(1) 30 X 6 

12 X 14“ 

7 


* Use these items only when the building oons^uction or capacity requirements necessitate the use 
of floor registers. The sises listed for floor registers correspond to the standard sizes for gravity warm air 
furnace systems, except for the sizes of the floor box collars. The use of standard blind boxes is suggested. 
A 12 X 61 in. stack may be used on Combination 45 and a 14 x 51 in. stack on Combination 46 with floor 
registers. 

Dampers 

Suitable dampers for air direction or volume control are essential to any 
duct system. Special care must be used in the design of any system to 
avoid turbulence and to minimize resistance. Sharp elbows, angles, and 
offsets should be avoided. Three types of dampers are commonly used. 
Volume dampers are used to completely cut off or reduce the flow through 
pipes. SpliMer dampers are used where a branch is taken off from a main 
trunk. Squeeze dampers are used for adjusting the volume of air flow and 
resistance through a given duct. It is essential that a damper with positive 
locking device be provided for each main or duct branch. Labels placed 
on ducts should indicate the room being served. Damper positions should 
be marked for summer and winter operation, and to avoid tampering. 

Ducts 

The ducts may be either round or rectangular in cross section. The 
radii of elbows should preferably be not less than one and one-half times 
the pipe diameter for round pipes, or the equivalent round pipe size in the 
case of rectangular ducts. Warm air ducts passing throu^ cold spaces, 
or where located in exposed walls, should have ^ to 2 in. of insulation. 

Special attention should be given to the problem of noise elimination. 
The metal duct connection to and from the furnace casing and fan housing 
should broken by strips of canvas. Motors and mountings must be 
carefully selected for quiet operation. Electrical conduit and water piping 
must not be fastened to, nor make contact with fan housing. Installation 
of a fan directly under a cold air grille is usually avoided. 
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Table 2. IUitttbn-Aib Duct Ststem Coubinations of Pasts Selected as 

Standard 


Combi- 

nation 

No. 

Rbturn-Axr Intakb 

1 Size* In. 

1 

Rxskr Size* 
In. Where 
Stack is 
Used in 

1 Branch Pipe 

1 Size* In. 

; When Joist Lining 

1 IS Used* 

Number of Joist 
! Spaces Lined and 

Increase in 
Width op 
Trunk Duct 
(for 8 In. 
Depth of 
Duct)* In. 

Base- 

board 

j Floor* 

Stud Space 

Round 

1 Rec- 
tangular 

1 

Minimum Depth of 
Space Required 

1 

2 

i 8 

4 

6 

6 

7 

8 

51 

10x6 

6x 10 
or 

4 X 14 1 

10 X 3i* 

6 

4x8 

1 space of 3 in. 
depth 

1 

62 

10x6 

6x 10 
or 

4x 14 


6 

4x8 

1 space of 3 in. 
depth 

2 

53 

12x6 

6x12 

or 

6x 14 

12 X 3i‘* 

■ 

5x8 

1 space of 4 in. 
depth 

3 

54 

14x6 

6x 14 

14 X 3i«» 

8 

6x8 

1 space of 5 in. 
depth 

4 

55 

24x6 

or 

30x6 

6x30 

Two 

stacks 

each 

10 X 3i« 

9 

8x8 

1 space of 6 in. 
depth or 2 spaces 
of 3 in. depth 

5 

56 

30x6 

6 x30 

Two 

stacks 

12 X 

10 

1 

10x8 

1 space of 7 in. 
depth or 2 spaces 
of 4 in. depth 

7 

67 


8x30 


12 

15x8 

1 space of 9 in. 
depth or 2 spaces 
of 5 in. depth 

12 


* Um these items only when building oonstruction, or ospadtin* require the use of floor intakes. The 
Rises listed oorrespond to standard sires for gravity installatioDs, except floor box oollars. The use of 
standard blind boxes is suggested. 

^ Based on 14 in. space between joists. Use full depth of joist* except when joist depth is less than 
minimum depth required* in which case a drop pan must he taed. This may occur when two or more re- 
turn ducts are connected to the same joist dpace. 

* If it is desired to use 14 in. x 3| in. stud space* it makes no difference whether this space has protrud- 
ing keys or not. 

If it is desired to use 14 in. x 3f in. stud space* the plaster base must be smooth* without any pro- 
truding plaster keys to interfere with the flow of air. 


STANDARD COMBINATIONS OF PARTS 

The combinations of parts selected as standard by the National Warm 
Air Healing and Air CondMioning Association are ^own in Tables 1 and 
2. A method for selecting these combinations is indicated in the following 
section Simplified Method 0 / Design, 

SIMPLIFIED METHOD OF DESIGN 

A simplified method for selecting the combinations of branches, boots, 
stacks, and registers, is given in Manual No. 7 of the National Warm Air 
HeaHng and Air Conditioning Association. In this method the sizes of the 
branch ducts are obtained from two tables giving their Btu capacities. The 
pro^r combination of parts for eadi branch can be determined if the follow- 
ing information is available. 

a. Location of room, that is, wbotber on first or second story. 
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6. Actual length of duct from bonnet to boot, in feet. 

r. Btu loss from room to be heated. 

d. Equivalent lengths in feet of all fittings and of the register. Fig. 3 shows the 
values of equivalent lengths of fittings commonly used for domestic s 3 rstems. 

This simplified method is applicable 4;o structures having heat losses not 
in excess of approximately 120,000 Btu per hour. The capacities shown 
in Tables 3 and 4 are based upon the most reliable data pertaining to friction 
losses and temperature drops in ducts. They are also based upon a 100 
deg temperature rise of the air, and a static pressure available for over- 
coming friction losses in the external duct system alone of 0.20 in. water 
gage. The use of this method assumes that the fan in the fan-fumace 
assembly will be capable not only of overcoming the resistance of the 
external duct system alone, but also the resistances imposed by the blower 
inlet, the filter, and the furnace casing. The combination numbers shown 
in the right hand column of Tables 3 and 4 correspond to those given in 
Tables 1 and 2. Tables 3 and 4 are also applicable for the selection of the 
return air branches. A depth of 8 in. has been adopted as the standard for 
the trunk ducts. The width of a trunk duct serving two branches is deter- 
mined by adding to the width of the remote branch the value shown in 
column 7 of Table 1, or column 8 of Table 2. 

AUTOMATIC CONTROLS 

Air stratification, high bonnet temperatures, excessive flue gas tempera- 
tures, and heat overrun or lag in a properly designed system can be largely 
eliminated through proper care in the planning and installation of the con- 
trol system*; desirable controls usually employed are: 

1 . A thermostat located in a living room where maximum fluctuation in tempera- 
ture can be expected, in order to secure frequent operation of fans, drafts, and burn- 
ers. The thermostat location should not be on an outside wall, in a bedroom, bath 
room or sun room, or in a location where it will be affected by direct radiant heat from 
the sun or from a fireplace, or by direct heat from any warm air duct, register or 
chimney. 

2. A /an switch control located in the bonnet to start blower operations at tempera- 
tures between 110 and 130 F, and to stop the blower at about 25 to 30 deg below the 
cut-in point. The lower settings are used for high side wall register installations, 
and the higher settings for baseboard register installations. For most satisfactory 
results these settings should be as low as is feasible. 

3. A protective high limit switch located in the bonnet to stop the system inde- 
pendently of the thermostat if the bonnet temperature exceeds 175 F. 

4. On oil and gas burner installations, a protective control should be included 
which will stop the system if the fire is extinguished or if there is a failure of the igni- 
tion system. 

5. On automatic stoker installations, a control is usually included which will start 
the operation regardless of thermostat settings whenever the bonnet temperature 
indicates that the fire is dying, or a time interval contactor is used that will start the 
stoker to run a few minutes out of each hour. 

6. A humidistat to regulate the moisture supplied to the rooms, located either in 
one of the rooms or in the main return duct near the furnace. 

DESIGN PROCEDURE FOR LARGE SYSTEMS^ 

For buildings having a heat loss in excess of 120,000 Btu per hour the 
design procedure given in Manual No. 9 of the NWAH & ACA, may be used 
except where ventilation air volume exceeds volume required to supply 
calculated heat loss. This procedure consists of : 

1. Calculation of design heat losses from individual spaces in the structure. (See 
Chapter 14.) 
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Table 3. Gapacitt Tables fob Wabm-Aib and Rbtubn-Aib Bbanches** ^ 

FIRST STORY 


Fob 

uninsulated 

Mbtal Duotb 

Actual Lbnoth Otbom Bonnbt to Boot) ob, (fbou 
Retubn Plbnuic to Boot) in Fbkc 

Wabm 

Aib 

Combi- 

nation 

No. 

Rbtubn 

Axb 

Combi- 

nation 

No. 

1to7 

FT. 

8 TO 13 
FT. 

18 TO 17 
n. 

18 TO 24 
FT. 

25 TO 34 
FT. 

Uto44 

n. 

45 TO 54 
FT, 


Col. a 

Col. b 

Col. c 

Col. d 

Col. b 

Col. f 

Col. o 

Section A. 

7200 

6700 

6100 

5600 

4800 

4100 

3500 

41 

51 


12500 

11700 

10800 

9900 

8500 

7400 

6400 

42 

52 

40 to 69 

16000 

15000 

14000 

13000 

11300 

9900 

8700 

43 

53 

Equivalent 

19100 

18000 

17000 

16000 1 

14200 

12500 

11000 

44 

54 

Ft for Fit- 










tings and 

25000 

23400 

21600 

19800 

17000 

14800 

12800 

45« 

55 

Register 

32000 

30000 

28000 

26000 

22600 

19800 

17400 

46« 

56 

80000 

75000 

70000 

65000 

56500 

49500 

43500 

— 

57® 

Section B. 

5500 

5100 

4800 

4500 

3900 

3400 

3000 

41 

51 


9900 

9200 

8600 

8100 

7100 

6200 

5400 

42 

52 

70 to 99 

13100 

12300 

11600 

10900 

9700 

8500 

7500 

43 

53 

Equivalent 

16300 

15400 

14500 

13700 

12200 

10800 

9500 

44 

54 

Feet 











19800 

18400 

17200 

16200 

14200 

12400 

10800 

45® 

55 


26200 

24600 

23200 

21800 

19400 

17000 

15000 

46» 

56 


65500 

61500 

58000 

54500 

48500 

42500 

37500 

— 

57® 

Section G. 

4600 

4300 

4100 

3800 

3300 

3000 

2700 

41 

51 


8500 

7900 

7400 

6900 

6100 

5300 

4700 

42 

52 

100 to 129 

11300 

10600 

10000 

9400 

8400 

7400 

6500 

43 

53 

Equivalent 

14300 

13500 

12700 

11900 

10500 

9300 

8300 

44 

54 

Feet 











17000 

15800 

14800 

13800 

12200 

10600 

9400 

45® 

55 


22600 

21200 

20000 

18800 

16800 

14800 

13000 

46® 

56 


56200 

52600 

50200 

47300 

42000 

37000 

32400 

— 

57® 

Section D. 

4100 

3800 

3600 

3400 

2900 

2600 

2300 

41 

51 


7300 

6900 

6400 

6000 

5300 

4700 

4200 

42 

52 

130 to 164 

9800 

9100 

8600 

8100 

7200 

6400 

5600 

43 

53 

Equivalent 

12300 

11700 

11000 

10300 

9100 

8100 

7100 

44 

54 

Feet 











14600 

13800 

12800 

12000 

10600 

9600 

8400 

45® 

55 


19600 

18200 

17200 

16200 

14400 

12800 

11200 

46® 

56 


49200 

45800 

41900 

40300 

36000 

31800 

28100 

— 

57® 

Section E. 

3800 

3500 

1 3300 

3100 

2700 

2400 

2100 

41 

51 


6500 

6100 

5700 

5400 

4800 

4300 

3800 

42 

52 

165 to 200 

8800 

8200 

7700 

7200 

6400 

5700 

5000 

43 

53 

Equivalent 

11000 

10500 

9900 

9300 

8300 

7300 

6400 

44 

54 

Feet 











13000 

12200 

11400 

10800 

9600 

8600 

7600 

45® 

55 


17600 

16400 

15400 

14400 

12800 

11400 

10000 

46® 

56 


44100 

41500 

38800 

36000 

32000 

28200 

24700 



57® 


For 

Col. a 

Col. b 

Col. c 

Col. d 

Col. b 

Fob Ductb that^abb COM- 
PLETELY INSULATED 

INSULATED 

Ductb 

1 TO 9 
FT. 

10 TO 

17 FT. 

18 TO 

34 FT. 

25 TO 

34 FT. 

36 TO 

64 ft. 

WITH 6 In. Thick Insul- 
ation fbom Bonnet to Boot, 

USE THEBE COLUMN HeADINCW. 


* These tables are for use in sising both the warm air and the return air branches. 

^ Frictional resistances and temperature drops in ducts have both been accounted for in these tables. 

* Use these items only when the building construction, or capacity requirements, necessitate the use 
of two adjoining stacks or floor registers. 
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Table 4. Capacitt Tables fob Wabm-Aib and Return Aib Branches*-'’ 

SECOND STORY 



Actual Lbnotb (pbom Bonnet to Boot) ob. (tbom 





Rbtubn Plknuii to Qoot) in Feet 


Wabu 

Rbtubn 

Aib 

Fob 
















AIR 

UNINSULATED 

1 TO 7 

8 TO 12 

13 TO 17 

18 TO 24 

25 TO 84 

85 TO 44 

45 TO 64 

Combi- 

Combi* 

Mbtal Ducn 

IT. 

IT. 

PT. 

PT. 

IT. 

IT. 

IT. 

nation 

No. 

nation 

No. 


COL. A 

Col. b 

Col. c 

Col. d 

Col. b 

COL. F 

Col. 0 

Section A. 

6300 

5700 

5200 

4800 

4100 

3500 

3100 

41 

51 


10900 

10000 

9200 

8500 

7300 

6400 

5600 

42 

52 

40 to 69 

14000 

13000 

12100 

11400 

10000 

8800 

7800 

43 

53 

Equivalent 
Ft for 
Fittings 

17000 

15900 

14900 

13900 

12400 

11100 

9900 

44 

54 

21800 

20000 

18400 

17000 

14600 

12800 

11200 

45« 

55 

and 

28000 

26000 

24200 

22400 

20000 

17600 

15600 

46® 

56 

Register 

70000 

65000 

60500 

57000 

50000 

44000 

39000 

— 

57® 

Section B. 

5000 

4600 

4300 

4000 

3400 

3000 

2700 

41 

51 

1 

9000 

8200 

7600 

7100 

6200 

5400 

4700 

42 

52 

70 to 99 

11900 

11000 

10300 

9600 

8400 

7500 

6700 

43 

53 

Equivalent 

Feet 

14800 

13900 

13000 

12200 

10800 

9600 

8500 

44 

54 

18000 

16400 

15200 

14200 

12400 

10800 

9400 

45« 

55 


23900 

22000 

20600 

19200 

16800 

15000 

13400 

46® 

56 


59500 

55000 

51500 

48000 

42000 

37500 

33500 

— 

57® 

Section C. 

4200 

3900 

3700 

3500 

3000 

2600 

2400 

41 1 

51 


7700 

7200 

6700 

6200 

5400 

4700 

4100 

42 

52 

100 to 129 

10400 

9700 

9000 

8400 

7400 

6500 

5800 

43 

53 

Equivalent 

13000 

12100 

11300 

10600 

9400 

8300 

7400 

44 

54 

Feet 

15400 

14400 

13400 

12400 

10800 

9400 

8200 

45® 

55 


21700 

19400 

18000 

16800 

14800 

13000 

11600 

46® 

56 


52200 

48400 

45300 

42300 

37000 

32500 

29000 

— 

57® 

Section D. 

3800 

3500 

3200 

3000 

2700 

2300 

2100 

41 

51 


6800 

6300 

5800 

5500 

4800 

4200 

3700 

42 

52 

130 to 164 

9100 

8400 

7900 

7400 

6300 

5700 ! 

5000 

43 

53 

Equivalent 

11400 

10500 

9800 

9200 

8100 

7200 

6400 

44 

54 

Feet 

13600 

12600 

11600 

11000 

9600 

8400 

7400 

45® 

55 


18200 

16800 

15800 

18400 

12600 

11400 

12800 

46® 

56 


45500 

42000 

39600 

36800 

32200 

28200 

25100 

— 

57® 

Section E. 

3500 

3200 

2900 

2700 

2500 

2100 

1900 

41 

51 


6100 

5700 

5300 

5000 

4400 

3900 

3400 

42 

52 

165 to 200 

8200 ! 

7600 

7100 

6700 

5700 

5100 

4500 

43 

53 

Equivalent 

10300 

9500 

8900 

8300 

7400 

6500 

5800 

44 

54 

Feet 

12200 

11400 

10600 

10000 

8800 

7800 

6800 

45® 

55 


16400 

15200 

14200 

13400 

11400 

10200 

9000 

46® 

56 


41000 

38300 

35800 

33400 

29000 

25800 

22800 

— 

57® 

Fob 

Col. a 

Col. b 

Col. c 

Col. b 

Col. b 

Col. p 

Fob Ducts that abb COM- 
PLETELY INSULATED 

INSULATED 

Ducm 

1 TO 8 

9 TO 14 

16 TO 20 

21 TO 27 

28 TO 42 

48 TO 54 

WITH i In. Thick Insulation 
PROB i Bonnet to Boot Use 

FT. 

IT. 

PT. 

PT. 

PT. 

PT. 

THEBE COLUIIN HbADZNOB. 


* These tables are for use in sizing both the warm air and the return air branobes. 

^ Frictional resistanoe and temperature drops in ducts have both been accounted for in these tables. 
^ Use these items only when the building construction, or capacity requirements, necessitate the use 
of two adjoining stacks or floor registers. 
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Fig. 3. Equivalent Length or Fittings 



2. Location of registers and return intakes on floor plan, showinp types of registers, 
with distance from register to opposite wall and deflection of registers desired. 

3. Laying out a proposed duct s^tem for both warm air and return air sides of 
the system and including details of types of fittings and the actual and equivalent 
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Fig. 3. Equivalent Length of Fittings (Continued) 



lengths of each branch line from bonnet to register, without sizes. (See Fig. 3, 
Groups 1 through 6, for equivalent length of fittings.) 

4. Determination of bonnet temperature. 

If rating sheet for furnace-blower unit specifies Afaed value of bonnet temperature, 
enter table at this value. If not specified, use the following procedure: Use Table 
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Fig. 3. Equivalent Length of Fittings (Concluded) 

CROUP 7. ReCISTeRS (INCLUDINC LOSSES IN STACKHEAO AMO VELOCITY PRESSUR^. 

ONLY 


Table 4A. Equivalent Length fob Registebs 


Deflection Angle A 

0* 

15* 

22* 

80* 

45* 

Baseboard, High or Low Sidewall 
Regietera 

£q. Ft. 

35 

40 

45 

60 

115 

Floor Registen with Box only 

25 






For 2-way deflection regieten, add the vertical and horizontal deflection angles together and multiply 
by 0.7. Select cloaest angle A in Table 4A. 



5 for buildings having a heat loss between 120,000 and 350,000 Btu per hr or Table 6 
for buildings having a heat loss greater than 350,000 Btu per hr. Select shortest actual 
length and read downward in nearest column in Tables 5 or 6 until lower heavy diago- 
nal line is reached, but do not cross line. Run horizontally to left to obtain value of 
maximum bonnet temperature in first column. Also select longest actual length and 
read downward in nearest column in Tables 5 or 6, until upper heavy diagonal line is 
just crossed. Run horizontally to left to obtain value for minimum bonnet tempera- 
ture in first column. Select as the design bonnet temperature any value between 
maximum and minimum. 

5. Determination of air volume to be delivered through each register and the 
respective register air temperatures. 

Using Tables 5 or 6 and the design bonnet temperature selected, find the values of 
cfm per 1000 Btu for each duct length. 

6. Selection of register sizes and pressure losses to produce necessary throw, for 
the air volumes handled. 

Use Tables 7 or 8 to obtain required free area and pressure loss of register. 

7. Design of duct system. 

A. Warm air branches. 

a. Use Table 9 to select maximum bonnet pressure usually required for the 
trunk carrying the maximum volume of air (cfm). If the maximum 
bonnet pressure is not high enough to accomodate the pressure loss 
through the registers, use a higher bonnet pressure. If the register pres- 
sure is critically large, it may be necessaiy to reduce it by either using 
two registers in place of one, or using smafler deflection angles. 

b. Obtain actual duct loss by subtracting register pressure loss from maxi- 
mum bonnet pressure. 

c. Obtain the pressure drop in each duct per 100 ft by use of Table 10. 

d. By means of Table 10 (Friction chart) determine duct size, cfm, and pres- 
sure drop per 100 ft of duct. 

B. Return air branches. 

a. Select a low value of actual duct loss obtained from step b under item A 
for the suction loss of return duct system. 

b. Proceed in sizing return air branches by the same method described for 
the warm air branches. 

C. Trunk ducts for warm air and return air sides of system. 

a. Add air volumes of branches to be handled by each trunk duct. 

b. The friction loss per 1(X) ft of trunk duct is determined by taking the 
smaller of the two values for friction loss for the two ducts meeting at 
the junction. 

c. Determine trunk duct size by using Friction Chart, volume (cfm), and 
pressure drop per 100 ft of trunk duct. 






Table 5. Selection of Bonnet Temperature, Register Temperature and Register Delivery (CFM)»* 
{For Buildings Having a Heat Loss between 120,000 and 350,000 BTU/Hr.) 

Register Delivery Volume in CFM per 1000 BTU per Hr, 
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Table 6. Selection op Bonnet Temperature, Register Temperature and Register Delivery (CFM)** ^ 

{For Buildings Having a Heat Loss Greater than SSOfiOO BTU /Hr,) 

Register Delivery Volume in CFM per 1000 BTU per Hr. 

Linvab Distancb fbom Bonnet to Rbgistbb, in Feet 

3 

§ a 

e, 

^ s 

CO 2 

8 

CO OS 

S OS S 00 

fH fH fH fH 
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17.6 
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8 CD 8 CO 
fH fH f-4 fH 

3 
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CO 

S OS 

fH fH 

8 Z 

fH fH 

8 i3 

FH FH 

Eh S 

f-4 fH 

8 S 
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§ 8 

^ 

8 

00 2 
fh os 

fH fH 
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i 
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s 
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rH 
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17.6 
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CO 
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SO 

5 CO 
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9 
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f-4 fH 

2 ® 

FH f-4 

FH 

CO 

<4^4 eo 

fH f-H 

■4^ 

fH 

SO CM 

F-H f-H 

130 

120 

18.4 

8 CO* 

fH fH 

8 2 

00 

CO 

eo ^ 

fH FH 

S CO 

f-4 fH 

$ N 

f-H F-* 

154 

12.1 

120 

121 

18.2 

1 

CD 

^ CO 

fH fh 

CO 

CM 

CO so 

fH fH 

8 

f-H fM 

^ eo 

fh fH 

5 § 
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12.4 

r» 

JS_S. 

o 

123 

17.6 

8 CO 

fH FH 

CM CO 

fH fh 

Pi ^ 

F-) FH 

® “ 

CO 'e* 

FH FH 

147 145 143 ,140 

1 1 1 1 
13.013.213.514.0 
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fH f-4 

8 2 

f- 4 f-4 
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s :• 

fH 

8 

fH fH 

lO F-i 
pH fH 

f-H 

S 

fH f-4 

S 

8 

00 

eo SC) 

fH fH 

8 ^ 
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155 152 j 

1 1 1 

12.012,3 

' 1 1 

os 

so 1-4 

^ pH 

CH '2 
to 

s 2 

1-H fH 

s 

OS 

8 50 

IfH 

CO • 

CO so 

fH f-4 

147 ,145 143 140 , 
1 1 ! 1 
13.013.213.514.0 

© '2' 
© © 
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s 

S5 2 

fH 

141 139 ,137 ,135 

1 i ! 1 1 

13.914.214.615.0 

8 ^ 

p-H 

s n 

8 ^ 

f-4 f-H 
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f- 4 f-4 

3 o 

f-H fH 

8 6 

fH fh 

CH > 

o 
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2 

o 

pH pH 

© 2' 
o 

fH fH 


§ 2 

eo 

fH 

CO f-4 

FH fH 

s 

8 S 

1-H r-4 

oil 

OS 00 

oi_ 

9 

CO 

m lO 

fH FH 

s ^ 

S FH* 

FH f-4 

CO 

fH 

CO FH 

F"H F^ 

h. «! 1 

O ; 

© 

F- © 

fh fH 

2 

o 

fH f-4 

8 2 
fH QS 

S 

^ F-H 

so 

CO 

eo 

fH fh 

00 00 
os_ 

QO 

1 -^. os_ 

9 

136 

14.8 

146 

13.1 


s 5 

f-4 fH 

« 1 
r- o 

f-4 fH 1 

SS 2 

FH OS 

© 2 
fH os 

o 

h i 

•— t F-« 

148 

12.8 

S - 

fH FH 

167 

10.8 

177 

9.9 

186 

9.3 

8*8 

961 

Bonnet Temp. *F. 

140 

OSI 

160 

170 

180 

190 

200 


*R^tfter temperature, Fahrenheit (Use upper value in each group). 

” Register delivery volume in cubic feet per minute per 1000 Btu (Use lower value in each group). 
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Table 7. Determtnatton of Free Area and Pressure Loss of 
Register for 22 Deo Deflection of Air** • 


Rejnater Free Area in Square Inches (Upper value in each group) 
Pressure Loss in Inches of Water (Lower value in each group) 



Rbsidentzal Use 

Cfm 

1 Rbszdential UAb 

Cfm 

Distance Fbom Rbqistbb to 
* Oppositb Wall 

Cpm 

Rbq. 

SiZB 

OB 

Equiv- 

alent 

Pbbs- 

SUBS 

Loss 

Rbo. 

Size 

OB 

Equiv- 

alent 

Pbbs- 

SUBB 

Loss 

31-34 

36-39 

A 

4(M9 

' I 

oo-oojeo-eo 
y ! 

70-79|80-89 

Bn 


lEQI 


■rrra 

Isa 

.02 

.02 

700-730 

243 186 

0.02 0.03| 


85 

0.11 




60-60 

10x6 

12x4 

.01 

.02 

120-120 

12x6 

14x6 

.02 

.02 

740-779 

271 ' 208 
0.02 0.03 

141 

0.05 

94 

0.10 




70-09 

10 X 6 

12x6 

.02 

.02 

130-169 

14x6 

.02 

780-810 


230 

0.02 

157 

0.05 

106 

0 00 





1 170-180 

14x8 

.02 



264 

0.02 

173 

0.04 

ns" 

0.08 




Cfm 

Distance Fbom Rboistbb of Optositb Wall 

Up 

TO 

18 

I»-21 rt-K'n-V 28-30 

1 1 1 J 

31-34 39-39 4(MS 80-59 

[ 1 ! ! 

860-809 


278 

0.02 

100 

0.04 

126 

0.08 




100-200 

68 1 49 1 38 1 29 1 24 
0.02 0.08 0.05 0.08 0.11 

1 i 1 

0.16' 1 1 

900-030 


304 

0.02 

207 

0.04 

138 

0.07 




210-220 

82 1 60 1 46 1 
0.02 0.03 0.04, 

35 1 28 
0.06 0.10 

23 1 I 1 

0.13 ! 

940-970 


g 

226 

0.03 

151 

0.07 

108 

0.12 



23fl-240 


71 1 M 1 

0.02 o.o<; 

42 1 34 
0.06 0.08 

28 1 22 

0.11 0.17 



980-1010 


g 

g 

163 

0.06 

118 

0.11 



250-260 


84 1 63 j 40 i 40 
0.02 0.03 0.05 0.07 

32 

0.10 

25 

0.16 



1020-1059 


B 

s 

177 

0.06 

127 

0.11 



270-209 


100 1 76 1 60 1 48 
0.02 0.03 0.04 0.06 

38 

0.00 

il 

i 

1060-1099 


285 

0.03 

190 

0.06 

137 

0.10 

1 

1 

300-339 


06 1 73 1 60 
0.02 0.04! 0.05 

48 

0.07 

37 

0.11 

) 

1100-1130 


307 

0.03 

f?»?l 

Gi 

147 

0.09 



340-379 



122 i 
0.02 

95 1 78 
0.03 0.04 

61 

0.06 

47 

0.00 

33 ‘ 

0.18 

1140-1179 


330 

0.02 

220 

0.05 

g 



380-419 




117 1 04 
0.02 0.03 

75 

0.05 

58 

0.08 

39 1 

0.15 

1180-1210 


353 

0.02 

235 

0.04 

169 

0.08 

j 

420-150 


142 ' 113 
0.02 0.03 

91 ! 70 
0.04 0.06 

47 1 

0.13 

1220-1269 


376 

0.02 

251 

0.04 

Di 



460-490 


16S 1 135 
0.02 0.03 

108 ' 83 
0.04 0.06 


1260-1200 


ini 

'w 

267 

0.04 

192 

0.07 

136 1 

0.13^ 

500-630 


159 

0.02 

126 1 97 
0.03 0.05 

66 

0.10 


1300-1339 1 


426 

0.02 

284 

0.04 

QQ 


540-670 


185 

0.02 

147 ' 113 
0.03 0.04 

77 

0.08 

1 

1340-1379 


452 

0.02 

Bdl 

Ijffl 

217 

0.06 

154 ' 109 
0.12 0.22 

680-619 

i 212 

1 0.02 

160 130 

0.03 0.04 


i 



479 

0.02 

319 

0.04 

Si 

163 1 116 
0.12 0.21 

620-659 


192 147 

0.02 0.03 

m 

OJs! 1*20-1459 


508 

0.02 

338 

0.03 

244 

0.06 

172 1 122 
0.11 0.20 

660-699 



H 

1460-1500 


636 

0.02 

356 

0.03 

256 

0.06 

IE3ISI 

isiifj 


A B A' B' 


* If register selected baaed on distance from register to opposite vrall is unsatisfactory on aceount of sise or pressure 
loss, it if permissible to shift one or more spaces loft or right in the tables to obtain a more suitable register. If require- 
ments fall in blank space, select two registers in place of one and divide CFM capacity between the two regiateFB. 

b Pressure loss is ba-sed on FLAT FACE ADJUSTABLE BAR TYPE and does NOT include staekhead. 

* Values on the right of line A and A' should not be uaed in applications such as churches, auditoriums, and con- 
cert halls. 

^ Vidues on right of line B and B' should not be used in applications such as residential work, motion picture thea- 
ters, court rooms and schools. 

CFM ^ 144 

* For floor and baseboard registers where a velocity of approximately 300 FPM is used, the free area — r=r 

CFM 

or approximately, ^ ~ * Assume a Ipresaurejoss of .01 . 
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Table 8. Determination of Free Area and Pressure Loss of 
Register for No Deflection of Air*- • 


Register Free Area in Square Inches {Upper value in each group) 
Pressure Loss in Inches of Water Column {Lower value in each group) 


CFM 

Dxbtancs from Registeb to Opposite Wall 

CFM 

Distance from Register to 
Opposite Wall 


119-21 122-24|25-27|23-30|31-34| 35-39 

1 4(M9 1 50-59 

60-69 


1 35-39140-491 50-59 

1 60-69 1 70-79 j 80-89 

190^-209 

62 

0.02 

47 

0.03 

37 

0.04 

30 

0.06 

L ; 

24 

0.09 

18 

0.15 




660-690 

210 

0.02 

143 
! 0.03 

A' ] 
95 

0.07 

B' 

69 

0.12 

49 

0.22 


210-229 

76 

0.02 

58 

0.02 

45 

0.04 

36 

0.05 

29 

0.08 

22 

0.12 




700-739 

236 

0.02 

160 

0.03 

107 

0.00 

77 

0.11 

54 

0.21 


230-249 


69 

0.02 

53 

0.03 

43 

0.04 

34 

0.07 

26 

0.11 




740-779 

262 

0.02 

179 

0.03 

119 

0.06 

86 

0.10 

61 

0.18 


250-260 


81 

0.02 

63 

0.03 

50 

0.04 

40 

0.06 

31 

0.09 

21 

0.18 



780-819 

291 

0.02 

198 

0.03 

132 

0.05 

95 

0.09 

67 

0.17 


270-299 


93 

0.02 

73 

0.02 

59 

0.03 

47 

0.05 

36 

0.08 

24 

0.16 



820-859 

320 

0.02 

218 

0.03 

145 

0.05 

105 

0.08 

74 

0.15 


300-339 


95 

0.02 

77 

0.03 

61 

0.04 

46 

0.06 

32 

0.12 1 



860-899 

352 

0.02 

240 

0.02 

160 

0.04 

115 

0.08 

81 

0.14 


340-379 


120 

0.02 

97 

0.02 

77 

o.ai 

^ 59 
0.06 

40 

0.10 



900-939 

385 

0.01 

262 

0.02 

175 

0.04 

120 

0.07 

89 

0.13 


38(M19 


119 

0.02 

95 

0.03 

73 

0.04 

50 

0.08 



940-979 

419 

0.01 

285 

0.02 

190 

0.04 

137 

0.07 

97 

0.12 


420-459 


149 

0.02 

114 

0.03 

88 

0.04 

60 

0.07 



980-1019 

455 

O.Ol 

309 

0.02 

206 

0.04 

148 

0.06 

105 

0.11 


460-499 


171 

0.02 

136 

0.02 

105 

0.03 

71 

0.06 



1020 105!) 

493 

0.01 

335 

0.02 

223 

0.03 

161 

0.06 

113 

0.11 


500-539 


160 

0.02 

123 

0.03 

84 

0.05 



1060-1099 

530 

0.01 

361 

0.02 

241 

0.03 

173 

0.06 

123 

0.10 


540-579 


186 

0.02 

143 

0.02 

97 

0.05 

65 

0.09 

47 

0.17 

1100-1139 

571 

0.01 

388 

0.02 

258 

0.03 

186 

0.05 

132 

0.09 

93 

0.17 

580-619 


213 

0.02 

164 

0.02 

111 

0.04 

74 

0.08 

54 

0.15 

1140-1179 


416 

0.02 

277 

0.03 

199 

0.05 

141 

0.08 

100 

0.16 

620-659 


180 

0.02 

127 

0.04 

85 

0.07 

61 

0.14 

1180-1219 


446 

0.02 

297 

0.03 

214 

0.04 

151 

0.08 

107 

0.15 

* If register selected based on distance from register to oppo- 
site wall is unsatisfactory on account of size or pressure loss, it is 
permissible to shift one or more spaces left or right in the tables 
to obtain a more suitable register. If requirements fail in blank 
space, select two registers in place of one and divide CFM capac- 
ity between the two registers. 

1220-1259 


476 

0.02 

317 

0.03 

228 

0.04 

161 

0.07 

116 

0.14 

1260-1299 


607 

0.01 

338 

0.02 

243 

0.04 

172 

0.07 

122 

0.13 

^ Pressure loss is based on FLAT FACE ADJUSTABLE 
BAR TYPE and does NOT include stackhead. 

1300-1339 


539 

0.01 

359 

0.02 

258 

0.04 

183 

0.07 

130 

0.12 

plications such as churches, auditoriums, and concert halls. 

^ Values on right of line D and B' should not be used in ap- 
plications such as residential work, motion picture theaters, 
court rooms and schools. 

* For floor and baseboard registers where a velocity of ap- 

r.FM V IIS 

1340-1379 



382 

0.02 

274 

0.04 

195 

0.07 

138 

0.12 

1380-1419 


403 

0.02 

290 

0.03 

206 

0.06 

146 

0.12 

proziinately 300 FPM is used, the free area » — - or ap- 

CFM 

prosimately, — ^ . Assume a pressure loss of .01. 

1420-1459 


308 

0.03 

218 

0.06 

155 

0.10 

* For any volume under 190 CFM use table 7. 



1460-1500 


324 

0.03 

230 

0.06 

163 

0.10 
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8. Selection of Blower. 

A. Determine total cfm air delivery (the sum of all branch cfm values). 

B. Determine static pressure requirements. 

a. For furnace-blower combination units it is the sum of bonnet pressure 

and suction pressure. ^ 

b. For blowers separately selected from the furnacS it is the sum of bonnet 
pressure, filter loss, casing loss, losses through air washers, coils, and 
other devices. 

9. Selection of Furnace. 

A. Determine register delivery (the sum of room Btu losses). 

B. Determine bonnet capacity. 

Bonnet Capacity - (total cfm) X (temperature rise) X 1.089 

C. Allowance for pick-up load. 


ADJUSTMENT OF SYSTEM FOR CONTINUOUS AIR CIRCULATION 

This procedure applies to the adjustment of an automatically fired forced 
warm-air heating system to provide continuous air circulation when the 
control arrangement is of the type where the room thermostat controls the 


TaSLB 9. SuGQESTED BONNET PhBSSUBB 
Inches of Water 


Total CFM TBROuaB 
AxfT Onk Duct 

Suggested 
Bonnet Pressubb 

In. Water 

Total CMF Trrouon 
Any One Duct 

SnOOBBTBD 

Bonnet Pressubb 

In. Water 

800-1000 

0.10 

3500 to 5000 

0.15 

1000-1200 

0.10 

5000 to 7500 

0.25 

1200-1800 

0.10 

7500 to 10,000 

0.375 

1800-2400 

0.13 

10,000 to 12,000 

0.500 

2400 to 3500 

0.14 

12,000 to 14,000 

0.750 


fire and the blower control (fan switch) in the furnace bonnet or warm air 
plenum controls the blower operation. This procedure as outlined in detail 
in Manual No. 6 of the National Warm Air Heating and Air Conditioning 
Association, is as follows : 

1. Adjust the fuel input in proper relation to the heat loss of the structure. 

2. Determine the temperature rise through the furnace. 

3. Adjust the air volume to produce a temperature rise through the furnace of 
about 100 deg. 

4. Adjust the fan switch differential to a minimum of about 15 deg. 

5. Adjust the fan switch cut-out point as low as practicable. 

6. Adjust the room thermostat temperature differential to a minimum which will 
cause the burner to cycle frequently. 

7. Balance the system by adjusting dampers to produce even temperature distri- 
bution between rooms. 

8. Set the room thermostat at the desired room temperature. 

COOLING METHODS 

A slight cooling effect may be obtained under certain conditions by the 
circulating basement air. A more positive cooling effect may be obtained 
by the use of an air washer where the temperature of the city or well water 
is sufficiently low (55 F or lower), and where a sufficient volume of water 
can be provided. Unless the temperature of the leaving water is below the 
dew-point temperature of the indoor air at the time the washer is started, 
both the relative and absolute humidities will be somewhat increased. 
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CHAPTER 22 


1949 Guide 


Equiva- 

lent 


Table 10. Pbesburb Drop in Duct 
Inches of Water per 100 Feet of Duet Length 

Total FsEasmts Dbop in Doct (In. or Watcb) 


Length of 
Duct (Ft) 

0.04 

0.05 

0.06 

0.07 

0.08 

0.09 

0.10 

0.11 

0.12 

0.13 

0.14 

0.16 

0.16 

0.17 

0.18 

0.19 

0.20 

3&-44 

0.10 

0.13 

0.15 

0.18 

0.20 

0.23 

0.26 

0.28 

0.30 

0.33 

0.35 

0.38 

0.40 

0.43 

0.46 

0.48 

0.60 

46-54 

0.08 

0.10 

0.12 

0.14 

0.16 

0.18 

0.20 

0.22 

0.24 

0.26 

0.28 

0.30 

0.32 

0.34 

0.36 

0.38 

0.40 

55-64 

0.07 

0.08 

0.10 

0.12 

0.13 

0.15 

0.17 

0.18 

0.20 

0.22 

0.23 

0.25 

0.27 

0.28 

0.30 

0.32 

0.33 

65-74 

0.06 

0.07 

0.09 

0.10 

0.11 

0.13 

0.14 

0.16 

0.17 

0.19 

0.20 

0.21 

0.23 

0.24 

0.26 

0.28 

0.29 

76-84 

0.05 

0.06 

0.08 

0.09 

0.10 

0.11 

0.13 

0.14 

0.15 

0.16 

0.18 

0.19 

0.20 

0.21 

0.23 

0.24 

0.25 

85-04 

0.05 

0.06 

0.07 

0.08 

0.09 

0.10 

0.11 

0.12 

0.13 

0.14 

0.16 

0.17 

0.18 

0.19 

0.20 

0.21 

0.22 

95-104 

0.04 

0.05 

0.06 

0.07 

0.08 

0.09 

0.10 

0.11 

0.12 

0.13 

0.14 

0.15 

0.16 

0.17 

0.18 

0.19 

0.20 

105-114 

0.04 

0.05 

0.05 

0.06 

0.07 

0.08 

0.09 

0.10 

0.11 

0.12 

0.13 

0.14 

0.15 

0.15 

0.16 

0.17 

0.18 

115-129 

0.03 

0.04 

0.05 

0.06 

0.07 

0.08 

0.08 

0.09 

0.10 

0.11 

0.12 

0.12 

0.13 

0.14 

0.15 

0.16 

0.17 

130-149 

0.03 

0.04 

0.04 

0.05 

0.06 

0.07 

0.07 

0.08 

0.09 

0.09 

0.10 

0.11 

0.11 

0.12 

0.13 

0.14 

0.14 

160-169 

0.03 

0.03 

0.04 

0.04 

0.05 

0.06 

0.06 

0.07 

0.08 

0.08 

0.09 

0.09 

0.10 

0.11 

0.11 

0.12 

0.13 

17( hl 89 

0.02 

0.03 

0.03 

0.04 

0.04 

0.05 

0.06 

0.06 

0.07 

0.07 

0.08 

0.08 

0.09 

0.09 

0.10 

0.11 

0.11 

190-214 

0.02 

0.03 

0.03 

0.04 

0.04 

0.05 

0.05 

0.06 

0.06 

0.07 

0.07 

0.08 

0.08 

0.09 

0.09 

0.10 

0.10 

215>239 

0.02 

0.02 

0.03 

0.03 

0.04 

0.04 

0.05 

0.05 

0.05 

0.06 

0.06 

0.07 

0.07 

0.08 

0.08 

0.09 

0.09 

240-264 

0.02 

0.02 

0.02 

0.03 

0.03 

0.04 

0.04 

0.04 

0.05 

0.05 

0.06 

0.06 

0.06 

0.07 

0.07 

0.08 

0.08 

265-289 

0.01 

0.02 

0.02 

0.03 

0.03 

0.03 

0.04 

0.04 

0.04 

0.05 

0.05 

0.05 

0.06 

0.06 

0.07 

0.07 

0.07 

290-324 

0.01 

0.02 

0.02 

0.03 

0.03 

0.03 

0.03 

0.04 

0.04 

0.04 

0.05 

0.05 

0.05 

0.06 

0.06 

0.06 

0.07 

325-374 

0.01 

0.02 

0.02 

0.02 

0.02 

0.03 

0.03 

0.03 

0.03 

0.04 

0.04 

0.04 

0.05 

0.05 

0.05 

0.05 

0.06 

375-424 

0.01 

0.01 

0.02 

0.02 

0.02 

0.02 

0.03 

0.03 

0.03 

0.03 

0.04 

0.04 

0.04 

0.04 

0.05 

0.05 

0.05 

425-474 

0.01 

0.01 

0.01 

0.02 

0.02 

0.02 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.04 

0.04 

0.04 

0.04 

0.05 

475-524 

0.01 

0.01 

0.01 

0.02 

0.02 

0.02 

0.02 

0.02 

0.02 

0.03 

0.03 

0.03 

0.03 

0.03 

0.04 

0.04 

0.04 

625-574 

0.01 

0.01 

0.01 

0.01 

0.02 

0.02 

0.02 

0.02 

0.02 

0.02 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.04 

575-625 

0.01 

0.01 

0.01 

0.01 

0.01 

0.02 

0.02 

0.02 

0.02 

0.02 

0.02 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

Equiva- 

lent 

Total Pressure Drop in Duct (In. of Water) 

Length or 
Duct (Ft) 

0.21 

0.22 

0.23 

0.24 

0.25 

0.26 

0.27 

0.28 

0.29 

0.30 

0.32 

0.34 

0.36 

0.38 

0.40 

0.45 

0.50 

35-44 

0.53 

0.55 

0.58 

0.60 

0.63 

0.66 

0.68 

0.70 

0.73 

0.76 

0.80 

0.85 

0.90 

0.95 

1.00 

1.13 

1.25 

4&-54 

0.42 

0.44 

0.46 

0.48 

0.50 

0.62 

0.54 

0.56 

0.58 

0.60 

0.64 

0.68 

0.72 

0.76 

0.80 

0.90 

1.00 

55-64 

0.35 

0.37 

0.39 

0.40 

0.42 

0.43 

0.45 

0.47 

0.48 

0.50 

0.53 

0.57 

0.60 

0.64 

0.67 

0.75 

0.83 

61^-74 

0.30 

0.32 

0.33 

0.34 

0.36 

0.37 

0.39 

0.40 

0.42 

0.43 

0.46 

0.49 

0.52 

0.54 

0.57 

0.64 

0.72 

75-84 

0.26 

0.28 

0.29 

0.30 

0.31 

0.33 

0.34 

0.35 

0.36 

0.38 

0.40 

0.43 

0.45 

0.48 

0.50 

0.56 

0.63 

85-94 

0.23 

0.25 

0.26 

0.27 

0.28 

0.29 

0.30 

0.31 

0.32 

0.33 

0.36 

0.38 

0.40 

0.42 

0.45 

0.60 

0.56 

95-104 

0.21 

0.22 

0.23 

0.24 

0.25 

0.26 

0.27 

0.28 

0.29 

0.30 

0.32 

0.33 

0.36 

0.38 

0.40 

0.45 

0.50 

106-114 

0.19 

0.20 

0.21 

0.22 

0.23 

0.24 

0.25 

0.26 

0.27 

0.28 

0.29 

0.31 

0.33 

0.35 

0.37 

0.41 

0.46 

115-120 

0.18 

0.18 

0.19 

0.20 

0.21 

0.22 

0.23 

0.23 

0.24 

0.25 

0.27 

0.28 

0.30 

0.32 

0.33 

0.38 

0.47 

130-149 

0.15 

0.16 

O.lfl 

0.17 

0.18 

0.19 

0.19 

0.20 

0.21 

0.21 

0.23 

0.24 

0.26 

0.27 

0.29 

0.32 

0.36 

150-169 

0.13 

0.14 

0.14 

0.15 

0.16 

0.16 

0.17 

0.18 

0.18 

0.19 

0.20 

0.21 

0.23 

0.24 

0.25 

0.28 

0.31 

170-189 

0.12 

0.12 

0.13 

0.13 

0.14 

0.15 

0.15 

0.16 

0.16 

0.17 

0.18 

0.19 

0.20 

0.21 

0.22 

0.25 

0.28 

100-214 

0.11 

0.11 

0.12 

0.12 

0.13 

0.13 

0.14 

0.14 

0.15 

0.15 

0.16 

0.17 

0.18 

0.19 

0.20 

0.23 

0.25 

215-239 

0.09 

0.10 

0.10 

0.11 

0.11 

0.12 

0.12 

0.13 

0.13 

0.13 

0.14 

0.15 

0.16 

0.17 

0.18 

0.20 

0.22 

240-264 

0.08 

0.09 

0.09 

0.10 

0.10 

O.IC 

0.11 

0.11 

0.12 

0.12 

0.13 

0.14 

0.15 

0.15 

O.lfl 

0.18 

0.20 

265-289 

0.08 

0.08 

0.08 

0.09 

0.09 

0.10 

0.10 

0.10 

0.11 

0.11 

0.12 

0.12 

0.13 

0.14 

0.15 

0.16 

0.18 

290-324 

0.07 

0.07 

0.08 

0.08 

0.08 

0.09 

0.09 

0.09 

0.10 

0.10 

0.11 

0.11 

0.12 

0.13 

0.13 

0.15 

0.17 

325-374 

0.06 

O.OC 

0.07 

0.07 

0.07 

0.08 

0.08 

0.08 

0.09 

0.09 

0.09 

0.10 

0.10 

0.11 

0.11 

0.13 

0.14 

376-424 

0.05 

0.06 

O.Ofi 

o.oe 

0.06 

0.07 

0.07 

0.07 

0.08 

0.08 

0.08 

0.09 

0.09 

0.09 

O.lfl 

0.11 

0.13 

425-474 

0.05 

0.05 

0.05 

0.05 

0.06 

0.06 

0.06 

0.06 

0.07 

0.07 

0.07 

0.08 

0.08 

0.09 

0.09 

0.10 

0.11 

475-524 

0.04 

0.04 

0.05 

0.05 

0.05 

0.05 

0.05 

0.06 

0.06 

0.06 

0.06 

0.07 

0.07 

0.08 

0.08 

0.09 

0.10 

525-574 

0.04 

0.0^ 

0 .(M 

0.04 

0.05 

0.05 

0.05 

0.05 

0.05 

O.Of 

O.OC 

0.07 

0.07 

0.07 

0.07 

0.08 

0.09 

575-625 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.05 

0.05 

0.05 

0.05 

0.05 

0.06 

0.06 

0.06 

0.07 

0.08 

0.08 


Coils of copper finned tubing through which cold water is pumped are 
available for cooling. They require less space than air washers and have 
the advantage that no moisture is added to the air when the temperature 
of the water rises above the dew-point. Ample coil surface and fan capacity 
are necessary with this type of cooling. 

It is thorou^y feasible to use ice or mechanical refrigeration in connec- 
tion with a warm air system and to cool the building by this method, pro- 
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vided the building is reasonably well constructed and insulated. Windows 
and doors should be tight, and awnings should be supplied on the sunny 
side of the building. (See also Chapters 38, 39 and 43.) 

Conclusions drawn from studies® conducted in the University of Illinois 
Research Residence, subject to the limitations of the test are : 

1 . An uninsulated building of ordinary residential type may require the equivalent 
of three tons of ice in 24 hr on days when the maximum outdoor temperature reaches 
100 F if an effective temperature of approximately 72 deg is maintained indoors. 

2. The use of awnings at all windows in east, south, and west exposures may result 
in savings of from 20 to 30 per cent in the required cooling load. 

3. The cooling load per degree difference in temperature is not constant but in- 
creases as the outdoor temperature increases. 

4. The heat lag of the building complicates the estimation of the cooling load under 
any specified conditions and makes such estimates, based on the usual methods of 
computation, of doubtful value. 

5. The seasonal cooling requirements are extremely variable from year to year, 
and the ratio between the degree-hours of any two seasons occurring within a 10-year 
period may be ^ high as 7.5 to 1. Hence an average value of the degree-hours cool- 
ing per season is comparatively meaningless. 

6. The duct system in a forced-air heating installation can be successfully con- 
verted to a s>’stem for conveying cool air for the purpose of cooling the structure. 
No condensation of moisture was observed when the duct temperatures were not 
less than 65 F. 

7. Cooling by means of water at a temperature of 60 F is not satisfactory unless 
an indoor temperature of less than 80 F is maintained. 

8. In the selection of cooling coils, the additional frictional resistance of the coil 
to flow of air must be given consideration. 

9. Cooling the structure by introducing large quantities of outdoor air at night 
tended to reduce the amount of cooling rcouired on the following day and was a 
practical means of providing more comfortable conditions in those homes where cool- 
ing systems were not available. 


METHOD OF DESIGNING COOLING SYSTEM 

The general procedure which may be used for the design of a summer 
cooling system in a forced-air installation is: 

1. Calculate heat gain for each room or space to be conditioned. (See Chapters 
6 and 15.) Allowance for addition of outside air must be included in this calculation. 

2. Select a temperature of air leaving supply inlets. In University of Illinois 
Research Residence tests a value of from 65 to 70 F was found satisfactory. 

3. Determine indoor conditions to be maintained. In Research Residence 80 F 
dry-bulb and 45 per cent relative humidity were found satisfactory. 

4. Determine the quantity of air to be introduced into each room. 

5. Estimate heat loss in duct system between cooling unit and supply registers. 

6. Calculate the sensible and latent heat to be removed by the cooling unit. 

7. Determine size of ducts in duct system and size of registers, as explained in 
this chapter. 

8. Determine pressure loss in duct system and select fan having proper capacity. 

9. Select cooling unit from manufacturer’s data. Specify temperature and pres- 
sure of available cooling water, voltage and characteristics of electrical supply, and 
method of control of apparatus. 

10. Select cooling coils from manufacturer’s data to take care of latent heat load 
and to give required drop in air temperature with the weight of air flowing. (See 
Chapter 25.) 

11. If system is to be used for both winter heating and summer cooling, duct sizes 
must be checked to insure that velocities and friction losses are reasonable for both 
conditions of operation. Adjust able dampers will be necessary to make changes in 
air distribution for the two seasons. Provision must also be made for changing fan 
speeds for summer and winter operation. 
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STEAM HEATING SYSTEMS AND PIPING 

Classification of Steam Heating Systems by Types; One-pipe; Two-pipe, 
Sub-atmospheric and Orifice Systems; Sizing Piping for Steam Heating 
Systems; Pressure Reducing Valves; Boiler Connections; Condensate 
Return Pumps; Vacuum Heating Pumps; Traps; Drips; Con- 
nections to Heating Units; Control Valves 


S TEAM heating systems may be classified according to any one of, 
or combination of, the following features: (1) by the piping arrange* 
ment, (2) by the pressure or vacuum conditions obtained in operation, 
(3) by the method of returning condensate to the boiler. 

1. By Piping Arrangement. A steam heating system is known as a one pipe eyeiem 
when a single main serves the dual purpose of supplying steam to the heating unit 
and conveying condensate from it. Ordinarily to each heating unit there is but one 
connection which must serve as both the supply and the return, although separate 
supply and return connections may be used. 

A steam heating system is known as a two-pipe eyetem when each heating unit is 
provided with two piping connections and when steam and condensate flow in sepa- 
rate mains and branches. 

Heating systems may also be described as up-flow or doum-flow depending on the 
direction of steam flow in the risers; and as a dry-return or a wet-retum depending on 
whether the condensate mains are above or below the water line of the boiler or con- 
densate receiver. 

2. By Pressure or Vacuum Conditions. Steam heating systems may also be classi- 
fied as high pressure, low pressure, vapor, and vacuum systems, depending on the 
pressure conditions under which the system is designed to operate. 

A system is known as a high pressure system when the operating pressures employed 
are above 15 psig; as a low pressure system when pressures vary from 0 to 15 psig; as 
a vapor system when the system operates under both vacuum and low pressure condi- 
tions without the use of a vacuum pump; and as a vacuum system when the system 
operates under vacuum and low pressure conditions with the use of vacuum pump. 

When automatic controls are employed to vary the pressure conditions in the sys- 
tem in accordance with outside weather conditions, the system may be known as a 
sub-atmospheric, differential, or synchronized system. These latter classifications are 
proprietary designations. 

When orifices are employed on the inlets to the heating units the system may be 
known as an orifice system. 

3. By Method of Returning Condensate. When condensate is returned to the boiler 
by gravity, the system is known as a gravity return system. In this system all heat- 
ing units must be elevated sufficiently above the water line of the boiler, so that the 
condensate can flow freely to the boiler. Elevation of the heating units above the 
water line must therefore be sufficient to overcome pressure drops due to flow as well 
as pressure differences due to operation. 

Referring to Fig. 1 it will be noted that the boiler and wet return form a U-shaped 
container, with the boiler steam pressure on the top of the water at one end and the 
steam main pressure on the top of the vrater at the other end. The difference between 
these two pressures is the pressure drop in the system, i.e., the friction and resistance 
to the flow of steam in passing from the boiler to the far end of the main and the 
pressure reduction in consequence of the condensation occurring in the system. 
The water in the far end will rise sufficiently to overcome this difference in order to 
balance the pressures, and it will rise far enough to produce a flow through the return 
pipe and overcome tne resistance of check valves if installed. 

If a one-pipe steam system is designed, for example, for a total pressure drop of 
i psi, and utilizes a Hartford return connection instead of a check valve on the return, 

461 



462 


CHAPTER 23 


1949 Guide 


the rise in the water level at the far end of the return due to the difference in steam 
pressure would be i of 28 in. (28 in. head being equal to one pound per square inch), 
or 3} in. Adding 3 in. to overcome the resistance of the return main and 6 in. as a 
factor of safety for heating up gives 12} in. as the distance the bottom of the lowest 
part of the steam main and all heating units must be above the boiler water line. 
The same system, however, installed and sized for a total pressure drop of } psi, and 
with a check in the return, would require } of 28 in., or 14 in. for the difference in 
steam pressure, 3 in. for the flow through the return, 4 in. to operate the check, and 
6 in. for a factor of safety, making a total of 27 in. as the required distance. Higher 
pressure drops would increase the distance accordingly. 

When conditions are such that condensate cannot be returned to the boiler by the 
action of gravity, and either traps or pumps must be employed, the system is known 
as a mechanical return system. There are three general types of mechanical con- 
densate return devices in common use: (a) the alternating return trap (6) the con- 
densate return pump, and (c) the vacuum return pump. 

In systems where pressure conditions in the system vary between that of a gravity 
return and a forced return system, a boiler return trap or alternating receiver is 
employed and the system may be known as an alternating return system. 

When condensate is pumped to the boiler under pressures of the atmosphere or 
above, the system is known as a condensate pump return system. 


Boiler steam pressure 


Steam pressure at 
end of mam 



^.-Witer line of boiler^- 


— 

Level — *Wet return 

■ -* ■ * * 



■^Rise>water 
line difference 




Fig. 1. Difference in steam pressure 
ON Water in Boiler and at End 
OF Steam Main 



Fig. 2. Typical Two-Pipe Connections 
TO Unit Heaters in One-Pipe Air 
Vent Systems 


When condensate is pumped to the boiler under vacuum conditions, the system is 
known as a vacuum pump return system. 

In either the condensate or vacuum pump systems it is highly desirable to arrange 
for gravity flow to a receiver and to the pump. The pump then forces condensate 
into the boiler against its pressure. 

ONE-PIPE SYSTEMS 

One-pipe systems, as previously defined, are systems in which steam and 
condensate flow in the same pipe. Radiators and other heating units, in 
general, have only one piping connection from main to unit, although it 
is possible to employ two connections to the same main as indicated in 
Fig. 2. Unit heaters in one-pipe systems may also have separate connec- 
tions to the wet return as shown in Fig. 5 Chapter 26. 

There are several variations in the piping arrangement of a one-pipe 
system as follows : 

1. Up-feed one-pipe systems where the radiators and other heating units are lo- 
cated above the supply mains. The mains in this instance convey both steam and 
condensate. Such a system is illustrated in Fig. 3. Typical connections to radiator 
or risers are illustrated in Fig. 4 and method of changing sizes of mains in Fig. 5. 

2. Up-feed one-pipe systems where the radiators and other heating units are lo- 
cated above the mains and the mains are dripped at each radiator connection to a wet 
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Fig. 3. Typical Up-Feed Gravity One-Pipe Air-Vent System 

return, so that the steam main carries a minimum of the condensate. This system is 
illustrated in Fig. 6. Typical connections to radiators and risers are illustrated in 
Fig. 7. Up-feed systems are not recommended for systems higher than four stories. 

3. Down -feed one-pipe systems, where the radiators and other heating units are 
located below the supply main. In this arrangement only risers and connections to 
heating units convey both steam and condensate, and both are flowing in the same 
direction. The steam main is kept relatively free of condensate by dripping through 
the drop risers. 

Each radiator or heating unit in a one-pipe system must be supplied 
with a thermostatic air valve which functions to relieve air from the heat- 
ing unit under pressure, and to close when steam itself heats the thermo- 
static element of the valve. 

To improve steam circulation in one-pipe systems quick vent air valves 
should be provided at the ends and at intermediate points where the steam 
main is brought to a higher elevation or where dropped below the water 
line. It is desirable to install the air-vent valves about a foot ahead of 
the drips, as indicated in Fig. 6, to prevent possible damage to their 
mechanisms by water. 

Air valves are of two general types, the pressure and the vacuum types. 
The pressure type permits the inflow of atmospheric air to the system 
when the steam pressure in the system falls below atmospheric pressure. 
The vacuum type, which contains a small check valve, prevents the air 
from flowing back to the system and thereby maintains vacuum condi- 
tions in the system, and a consequent evaporation or generation of steam 
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Fig. 4. Typical Steam Runout where 
Risers Are Not Dripped 


Fig. 5. Method of Changing Size of 
Steam Main when Runouts 
are Taken from Top 
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Fia. 6. Ttkcal Up-Fbbd Geavitt Onb-Pipe Air-Vent System 


or vapor at sub-atmospheric pressures, and at consequent lower tempera- 
tures. Systems which use vacuum vaJves are known as vapor or vacuum 
om-pipe systems. The vapor or vacuum systems will maintain a more 
uniform temperature condition than the pressure ^sterns. 

Each heating unit in a one-pipe system may also be provided with a 
valve on the connection to the unit, although this is not essential except 
to shut the unit off in case it is not desired for heating. Valves on one- 
pipe systems must be either fully opened or fully closed. No throttling 
or modulating position can be maintained, since if a valve is partially 
closed condensate will not drain from the unit. This condition is dan- 
gerous because it may create a low water condition in the boiler with con- 
sequent burning or cracking of the boiler, or of creating a hazard due to the 
freezing of the water logged heating unit itself. 

TWO-PIPE SYSTEMS 

Two-pipe ^tems, as previously defined, are systems in which steam 
and condensate flow in separate pipes. Two-pipe systems operate under 
either hi^ pressure, low pressure, vapor, or vacuum conditions. Either 
the up-flow or the down-flow arrangement of mains may be employed. 



Fio. 7. Typical Steam Runout 
WBEBB Risers abb Dbipfbo 
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Two-Pipe High Pressure Systems 

Two-pipe high pressure systems operate at pressures above 15 psig, 
usually from 30 to 150 psig. Large industrial type buildings, which are 
equipped with unit heaters or large built up fan units, usually use high 
pressure steam systems. « 

Fig. 8 illustrates a typical high pressure system". Because of the high 
pressures and the great differential between steam and return mains, it 
is possible to locate returns above the heating units and lift the condensate 
to these returns. 

The condensate can be flashed into steam in low pressure mains if any 
are available or passed through an economizer heater before being dis- 
charged to a vented receiver. It is of course necessary to provide for the 
elimination of air from high pressure systems, the same as in low pressure 
systems. 



Return traps used on high pressure systems are usually of the bucket, 
inverted bucket, float or impulse type. 

Two-Pipe Low Pressure Systems 

Low pressure systems operate at pressures of 0 to 15 psig. The piping 
arrangement of both up-fccd and down-feed low pressure systems is iden- 
tical with those of two-pipe vapor systems described in the following sec- 
tion. The only difference between the two systems is in the type of air 
valve used. The air valves used in low pressure systems do not contain the 
check discs and hence the system cannot operate under vacuum conditions. 
The low pressure systems are not as popular as the vapor systems, because 
they have the disadvantage of not holding heat when the rate of steam 
generation is diminishing. They also have the disadvantage of corroding 
to a greater extent than vapor systems due to the continued presence of 
new air in the system. 

Low pressure systems have the advantage however of returning con- 
densate to the boiler readily and not retaining it in the piping as may be 
possible in vapor systems. 
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Fig. 9 illustrates a typical low pressure system with condensate pump. 
Two-Pipe Vapor Systems 

Two-pipe vapor systems operate at pressures varying from 30 in. vacuum 
to 15 psig without the use of a vacuum pump. A typical two-pipe up-feed 
vapor system is shown in Fig. 10, and a typical two-pipe down-feed system 
is illustrated in Fig. 11. The method of dripping drop risers in a down-feed 
system is illustrated in Fig. 12. Radiators discharge their condensate and 
air through thermostatic traps to the dry return main. Air is eliminated, 
when the system is under pressure, at the ends of the supply and return 



Fig. 10. Typical Up-Feed Two-Pipe System with Automatic Return Trap* 

* Proper piping oonnections are eeeential with epeoial appliances for pressure equalising and air elimination. 
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Fig. 11. Typical Down -Feed Two-Pipe System 

mains just before they drop to the wet return. The air valves are of the 
float and thermostatic type which opens when cool air contracts the thermo- 
static element and closes when steam expands the element. The float 
element of the valve closes the valve when, due to pressure differences, 
water rises to the point of overflow in the main. The air valves are also 
provided with a small check disc which closes to prevent the inflow of air 
to the system when the pressure drops below atmospheric pressure. This 
enables the system to operate under vacuum conditions at lower steam 
temperatures for a period of four to eight hours depending on the tightness 
of the system. 

Vapor systems may also be provided with an automatic return trap or 
alternating receiver which automatically returns condensate to the boiler 



-Connected to dry return 
(where connected to wet 
return, drip trap shall 
be omitted) 


Fig. 12. Detail op Drip Connec- 
tions AT Bottom op Down- 
Feed Steam Drop 


From steam main 


Non Return 
Air Escape 
Valve 




Fig. 13. Typical Connections por 
Automatic Return Trap 
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when the boiler is steaming under pressure conditions which would prevent 
the return of condensate by gravity. The typical connections for an auto- 
matic return trap are illustrated in Fig. 13. 

Each heating unit in a vapor system, as in all two-pipe systems, is pro- 
vided with a graduated or modulating valve which permits the control 
of heat in the radiator by varying the opening of the vdve. 

Two-Pipe Vacuum Systems 

Vacuum systems operate under conditions of both low pressure and 
vacuum, but employ the use of a vacuum pump to insure maintenance of 
sub-atmospheric pressures. 

A typical two-pipe up-feed vacuum system is illustrated in Fig. 14, 
and a down-feed arrangement in Fig. 15. 

The return risers are. connected in the basement into a common return 
main which slopes downward toward the vacuum pump. The vacuum 



pump withdraws the air and water from the system, separates the air from 
the water and expels it to atmosphere and pumps the water back to the 
boiler, or other receiver, which may be a feed- water heater or hot well. 
It is essential that no connection be made from the supply side to the return 
side at any point except through a trap. The desirable practice demands 
a return flowing to the vacuum pump by an uninterrupted downward 
slope. In some instances local conditions make it necessary to drop the 
return below the level of the vacuum pump inlet, before the pump can 
be reached. In such an event one of the advantages of the vacuum sys- 
tem is the ability to raise the condensate to a considerable height, by the 
suction of the vacuum pump, by means of a lift connection or fitting in- 
serted in the return. The height the condensate can be raised depends 
on the amoimt of vacuiun maintained. It is preferable to limit lift con- 
nections to a single lift at the vacuum pump. A still more preferable 
arrangement is the use of an accumulator tazik^ or receiver tank, with a 
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float control for the pump, at the low point of the return main located 
adjacent to the vacuum pump. 

When the vertical lift is considerable, several lift fittings should be used 
in steps as shown in Fig. 16. This permits a given lift to be secured with a 
somewhat lower vacuum than where the vertical distance is served by a 
single lift. Where several lifts are present in a ^ven system at different 
locations, the lifting cannot occur until the entire system is filled with 
steam. A lift connection for location close to the pump, where the size 
may be above the commercial stock sizes, is shown in Fig. 17. It is 
desirable that means be provided for manually draining the low point of 
the lift fittings to eliminate danger of freezing. 

TWO-PIPE SUB-ATMOSPHERIC SYSTEMS 

Sub-atmospheric systems are similar to vacuum systems but, in con- 
trast, provide control of building temperature by variation of the heat 



output from the radiators. The radiator heat emission is controlled by 
varying the pressure, temperature and specific volume of steam in circu- 
lation. These systems differ from the ordinary vacuum system in that 
they maintain a controllable partial vacuum on both the supply and 
return sides of the system, instead of only on the return side. In the 
vacuum system, steam pressure above that of the atmosphere exists in the 
supply mains and radiators practically at all times. ^ In the sub-atmos- 
pheric system, atmospheric pressure or higher exists in the steam supply 
piping and radiators only during severe weather. Under average winter 
temperature the steam is under partial vacuum which in mild weather 
may reach as high as 25 in. Hg, after which further reduction in heat 
output is obtained by restricting the quantity of steam. 

The rate of steam supply is controlled by a valve in the steam main or 
by thermostatically controlling the rate of steam production in the boiler. 
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The control valve may be of the automatic modulating or floating type 
governed thermostatically from selected control points in the building, or 
it may be a special pressure reducing valve which will maintain the desired 
sub-atmospheric pressures by continuous flow into the heating main. 
In some systems radiator supply valves include adjustable orifices or are 
equipped with regulating orifice plates. The sizes of orifices used are 
larger than for other types of orifice systems because for equal radiator 
sizes the volume flowing is larger. Orifices are omitted on some systems. 
Radiator traps and drips are designed to operate at any pressure from 
15 psig to 26 in. Hg. A vacuum pump capable of operating at high 
vacuum is preferable to promote accuracy in the distribution of steam 
throughout the system, particularly in mild weather. This vacuum is 
partially self-induced by the condensation of the steam in the system 
under conditions of restricted supply for reduction of the radiator heat 
emission. 

The returns must grade downward constantly and uninterruptedly from 
the radiator return outlets to the inlet of the receiver of the vacuum pump. 


VBJTICAL LIFT TO 
ec OME SIZE. 
SMMJJER THAN THE 
T RETVIBN^ 



NOT CVEBS'L 

I ri . 



OFT FITTIMEI 


[^VPCVUM QETURN 
✓ LIFT FITTlMa 


Fig. 16. Method of Making Lifts on 
Vacuum Systems when Distance 
IS Over 5 ft 



Fig. 17. Detail of Main Return 
Lift at Vacuum Pump 


One radical difference between this and the ordinary vacuum system is 
that no lifts should be made in the return line, except at the vacuum 
pump. The receivers are placed at a lower level than the pump and 
equipped with float control so that the pump may operate as a return 
pump under night conditions. The system may be operated in the same 
manner as the ordinary vacuum system when desired. 

Steam for heating domestic hot water should be taken from the boiler 
header back of the control valve so that pressures sufficiently high for 
heating the water may be maintained on the heater. The sub-atmos- 
pheric method of heating can be used for the heating coils of ventilating 
and air conditioning systems. The flexible control of heat output secured 
by this method materially reduces the required size of by-pass around the 
heaters. Some applications of sub-atmospheric systems are proprietary. 

TWO-PIPE ORIFICE SYSTEMS 

Orifice steam heating systems may have piping arrangements identical 
with vacuum systems. Some of these omit the radiator thermostatic 
traps but use thermostatic or combination float and thermostatic traps 
on all drip points. A return condensate pump with receiver vented to 



471 


Steam Heating Systems and Piping 

atmosphere, a return line vacuum pump, or a return trap, is ^lierally 
used to return the condensate to the boiler or place of similar disposition, 
such as a feed-water heater or hot well. The heat emission from the 
radiators is controlled by varying the pressure differential maintained. 

The principle on which these systems operate is based on the fact that 
the steam flow through an orifice will vary when the ratio of the absolute 
pressures on the two sides of the orifice exceeds 58 per cent. If the abso- 
lute pressure on the outlet side is less than 58 per cent of the absolute 
pressure on the inlet side, no further increase in flow will be obtained as a 
result of the increased pressure difference. If an orifice is so designed in 
size as to exactly fill a radiator with 2 psig on one side and J psig on the 
other, the absolute pressure relation is: 

14.7 + 0.25 

14.7 + 2 . 0 ' ^ 

Should the steam pressure be dropped to J psig on the supply pipe, the 
pressure on each side of the orifice would be balanced and no steam flow 
would take place. From this it will be apparent that if an orifice of a 
given diameter will fill a given radiator with steam when there is a given 
pressure on the main, reducing this steam main pressure will permit filling 
various desired portions of the radiator down to the point where the main 
pressure equals the back pressure in the radiator provided the supply pipe 
pressures may be controlled sufficiently close. If orifices are designed on 
a similar basis for a given system and proportioned to the heating capacity 
of the radiators they serve, all radiators will heat proportionately to the 
steam pressure. The range of pressure variation is limited by the per- 
missible noise level of the steam flowing under the pressure difference 
required for maximum heat output. The control of the steam supply is 
obtained by a valve placed in the steam main, which maintains a deter- 
mined pressure by varying the vacuum in the return lines, or by varying 
the pressure in the supply lines and the vacuum in the returns. The 
valves are frequently manually set from a remote location, guided by tem- 
perature indicating stations in the building ; or thermostatically controlled 
from a thermostat on the roof, which automatically measures the dif- 
ferential of outside and inside temperatures. Since the range through 
which the pressures may be varied is usually from 0 to 4 psig, the control 
should be capable of maintaining close regulation to maintain the desired 
space temperatures, particularly in mild weather. 

A recommended orifice schedule is shown in Table 1. Some systems 
use orifices not only in radiator inlets but also at different points in the 
steam supply piping for the purpose of balancing the system to a greater 
extent. In this manner the difference between the initial and terminal 
pressure in the steam main may be compensated to a great extent. For 
example, if the initial pressure was 3 psig and the pressure at the end of 
the main was 2 psig, an orifice could be used in each branch for the purpose 
of obtaining a more uniform pressure throughout the system. Such a 
provision may be particularly useful in this system for branches close 
to the boiler where the drop in the main has not yet been produced. 
Some orifice systems are proprietary. 

SIZING PIPING FOR STEAM HEATING SYSTEMS 

The functions of the piping system are the distribution of the steam, 
the return of the condensate and, in systems where no local air vents are 
provided, the removal of the air. The distribution of the steam should be 
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Table 1. Obifice Capacities fob Low Pbesscbe Steam Systems 


This table ie baaed on data from actual testa* 


Orificb 

Diambtbr 

6 IN. Hg 

5 IN. Hg 

4 IN. Hg 

2 IN. Hg 

1 IN. Hg 

64THSor 

AN Inch 

Difpsrbntial 

Differential 

Differential 

Differential 

Differential 


Capacity Expressed in Square Feet E D R 

7 

18-23 

■SI 

15-19 



8 

23-29 


19-25 


8-11 

9 

29-36 


25-30 


11-14 


36-44 

33-40 

30-37 


14-17 

11 

44-52 

40-48 

37-44 


17-20 

12 

52-62 

48-57 

44-51 

31-37 

26-24 

13 

62-72 

57-66 

51-59 

37-43 

24-28 

14 

72-83 

66-76 

59-67 

43^9 

28-32 

15 

83-94 

76-86 

67-76 

49-56 

32-37 

16 

94-106 

86-97 

76-86 

56-64 

37-42 

17 

106-119 

97-109 

86-97 

64-72 

42-47 

18 

119-133 

109-122 

97-108 

72-80 

47-52 

10 

133-148 

122-135 

108-120 

80-88 

52-58 


148-163 

135-149 

120-133 

88-98 

58-64 

21 

163-179 

149-164 

133-145 

98-107 

64-71 


Capacity Expressed in Pounds per Hour 

7 

4.5-5.8 

4.0-5.3 

3.8-4.8 

2.5-3.3 


8 

5.8-7.3 

5.3-6.8 

4.8-6.3 

3.3-43 

2.0-2.8 

9 

7.3-9.0 

6.8-8.3 

6.3-7.5 

4.3— 5.3 

2.8-3.5 


9.0-11.0 

8.3-10.0 

7.5-9.3 

5.3-65 

3.5-4.3 

11 

11.0-13.0 

10.0-12.0 

9.3-11.0 

6.5-7.8 


12 

13.0-15.5 

12.0-14.3 

11.0-12.8 

7.8-9.3 

5.0-6.0 

13 

15.5-18.0 

14.3-16.5 

12.8-14.8 

9:3-10.8 

6.0-7.0 

14 

18.0-20.8 

16.5-19.0 

14.8-16.8 

10.8-12.3 

7.0-8.0 

15 

20.8-23.5 

19.0-21.5 

16.8-19.0 

12.3-14.0 

8.0-9.3 

16 

23.5-26.5 

21.5-24.3 

19.0-21.5 

14.0-16.0 

9.3-10.5 

17 

26.5-29.8 

24.3-27.3 

21.5-24.3 

16.0-18.0 

10.5-11.8 

18 

29.8-33.3 

27.3-30.5 

24.3-27.0 

18.0-20.0 

11.8-13.0 

19 

33.3-37.0 

30.5-33.8 

27.0-30.0 

20 0-22.0 

13.0-14.5 


37.0-40.8 

33.8-37.3 

30.0-33.3 

22.0-24.5 

14.5-16.0 

21 

40.8-44.8 

37.3-41.0 

33.3 36.3 

24.5-26.8 

16.0-17.8 


NcU . — ^The radiator orifice plates recommended in this table are made of brass stampings 0.023 in. thick 
eup^haped to be inserted in radiator valve unions. 

* Flow of Steam Through Orifices into Radiators, by 8 S. Sanford and C. B. Sprenger (A S.H.VJB.Teans- 
▲cnoNB. Vol. 37, 1931, p. 371). 

rapid, unif orm and without noise, and the release of air should be facili- 
tated as much as possible, as an air bound ^stem will not heat readily 
nor properly. In designing the piping arrangement it is desirable to 
maintain equivalent resistances in the supply and return piping to and 
from a radiator. Arranging the piping so the total distance from the 
boiler to the radiation is the same as the return piping distance from the 
heating unit back to the boiler tends to obtain such a result. The 
condensate which occurs in steam piping as well as in radiators must 
be drained to prevent impeding the ready flow of the steam and air. The 
effect of back pressure in the returns and excessive re-vaporization, such 
as occurs where condensate is released from pressures considerably higher 
than the vacuum or pressure in the return, must be avoided. 

It is important that steam piping qrstems distribute steam not only at 
full design load but during excess and partial loads. Usually the averam 
winter steam demand is less than hidf of the demand at the design outside 
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temperature. Moreover, in rapidly warming up a syetem even in moder* 
ate weather, the load on the steam main and returns may exceed the 
maYimiim operating load for severe weather due to the necessity of raising 
the temperature of the metal in the system to the steam temperature and 
the building to the design indoor ^temperature. Investigations of the 
return of condensate have revealed* that as hi^ ^as 143 per cent of the 
design condensation rate may exist under conditions of actual operation. 

The piping design of a heating system is greatly influenced by its opera^ 
ing characteristics. Heating systems do not operate under constant condi- 
tions as they are continually changing due to variation in load. As 
the system is being filled with steam the pressures existing in various 
locations may be Afferent from those which exist for appreciable periods 
at other locations although at equilibrium conditions the pressures are 
approximately the same. In designing piping it is of especial importance 
to arrange the system to preclude trouble caused by such pressure dif- 
ferences. The systems which readily release the air permit uniform 



Fig. 18 . IIblation Betwken Elapsed Time, Steam Pbeseube, Condensate and 

Air Euiunation Hates 

pressures to be attained in much shorter time intervals than those which 
are sluggish. Results are given in Fig. 18 from investigations' to deter- 
mine the rate of condensate and air return from a two-pipe gravity heating 
system. Variations in the steam pressure during the warming-up period 
when the rate of air elimination and condensation is liigh are clearly 
indicated in these curves. 

It is evident that the condensate flow during the initial warming-up 
period reaches a peak which is greater than the constant condensing 
rate cventuiJly reached when the pressure becomes uniform. Moreover, 
the peak condensing rate is obtained when the system steam pressure is 
lower than tliat existing during a period of constant condensing rate. It 
will also be noted that the peak rate of air elimination does not coincide 
with the higher condensing rate. 

Steam Flow 

The rate of flow of dry steam or steam with a small amount of water 
flowing in the same direction is in accordance with the general laws of ^ 
flow and is a function of the length and diameter of the pipe, the density 
of the steam, and the pressure (uop through the pipe. This relationship 
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Table 2. Flow of^Stbam in Pipes 

P -> loss in pressure in i^unds per square inch. 

D inside diameter of pipe in inches. 

L length of pipe in feet. W « 5220 

d ■> weight of 1 cu ft of steam. 

W » pounds of steam per hour. 

P - 0.0000000367 


PUSSUBI 

Loss 

nr 

OUMCM 

CoL. 1 

PmSm 

Intunal 
Absa or 
Pin 

SqIncrxs 

CkiL.2 

Avg 

Btbaii 

Pbbss. 

PSIO 

CoL. 3 

Lbngtb 

Col. 4 

m 

Nominal 

Actual 

Internal 

Diameter 



or Pin 

IN 

Fksr 

V? 

mm 

65.28 

1 

1.049 

0.864 

0.536 

-l.Oa 

0.187 

20 

2.240 

0.50 

92.28 

IK 

1.380 

1.496 

1.178 


0.190 

40 



130.5 

IK 

1.610 

2.036 

1.828 

0.0 

0.193 

60 

1.290 

2 

184.6 

2 

2.067 

3.356 

3.710 

0.3 

0.195 


1.120 

3 

226.0 

2K 

2.469 

4.788 

6.109 

1.3 

0.201 

100 

1.000 

4 

261.0 

3 

3.068 

7.393 

11.183 

2.3 

0.207 

120 

m 

5 

291.8 

3K 

3.548 

9.887 

16.705 

Q| 

0.223 

140 

m 

6 

319.7 

n 

4.026 

12.730 

23.631 

10.3 

0.248 

160 

0.793 

7 

345.3 

4K 

4.506 

15.947 

32.134 

15.3 

0.270 

180 

0.741 

8 

369.1 

5 

5.047 

20.006 

43.719 

20.3 

0.290 

200 

0.710 

10 

412.7 

6 

6.065 

28.886 

71.762 



250 

0.632 

12 

452.0 

B 

7.023 

38.743 

106.278 

40.3 

0.358 

300 

m 

14 

488.3 

8 

7.981 

50.027 

149.382 


0.388 

350 

0.538 

16 

522.0 

9 

8.941 

62.786 

201.833 

60.3 

0.415 


0.500 

20 

583.6 

10 

10.020 

78.854 

272.592 

75.3 

0.452 

450 

0.477 

24 

639.3 

12 

12.000 

113.098 

437.503 

100.3 

0.507 

500 

0.447 

28 

690.5 

14 

13.250 

137.880 

566.693 

125.3 

0.557 

600 

0.407' 

32 

738.2 

16 

15.250 

182.655 

816.872 

150.3 



0.378. 

Oi 

825.4 

Colu 

mnlX2X3X4-i 
ir that will flow througi 
a given condition. 

lb of steam 

175.3 

0.645 

800 

0.354 

48 

904.1 

per hoi 
pipe fo 

1 a straignt 

200.3 

0.685 

900 

0.333 


1167.2 

Example I: 1 os drop — 2 in. pipe 
— 1.3 lb press. ~ 100 ft equivalent length: 


1000 

0.316 

160 

1650.7 

130.5 X 3.710 X 0.201 X 1 - 97.2 lb per hour. 

97.2 X 4h * 388.8 sq ft equivalent radiation. 

Table 2 does not allow for entrained water in low-pressure 
steam, condensation in covered pipe and roughness in com- 
mercial pipe as found in practice. 

1200 

0.289 

320 

2334.5 

1500 


480 

2859.1 

2000 

0.224 


* Pounds per square inch Me « 2.04 in. Vacuum, Mercury Column. 

" The factor 4 is the approximate equivalent in square feet of steam radiation of 1 ib of steam per hour. 
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has been established by Babcock in the formula given at the top of Table 
2. In Columns 1, 2, 3, and 4 of this table, the numerical values of the 
factors for different pressure losses, pipe diameters, steam densities and 
lengths of pipe have been worked out in convenient form so that the steam 
flowing in any pipe may be calculated by multiplying together the proper 
factors in each column as shown in the example at the bottom of the table. 

Pipe Sizes 

The determination of pipe sizes for a given load in steam heating depends 
on the following principal factors : 

1 . The initial pressure and the total pressure drop which may be allowed between 
the source of supply and at the end of tne return system. 

2. The maximum velocity of steam allowable for quiet and dependable operation 
of the system, taking into consideration the direction of condensate flow. 

3. The equivalent length of the run from the boiler or source of steam supply to 
the farthest heating unit. 

4. The direction of flow of the condensate, whether against or with the steam. 

Initial Pressure and Pressure Drop 

Theoretically there are several factors to be considered such as initial 
pressure and pressure required at the end of the line, but it is most impor- 
tant that: (1) the total pressure drop does not exceed the initial gage 
pressure of the system and in actual practice it should never exceed one- 
half of the initial gage pressure; (2) the pressure drop is not so great as to 
cause excessive velocities; (3) there is a constant initial pressure, except 
on systems specially designed for varying initial pressures, such as the 
sub-atmospheric, which normally operate under controlled partial vacua 
and orifice and vapor systems which at times operate under such partial 
vacua as may be obtained due to the condition of the fire; and (4) the 
rise in water due to pressure drop does not exceed the difference in level, 
for gravity return systems, between the lowest point on the steam main, 
the lieating units, or the dry return, and the boiler water line. 

All systems should be designed for a low initial pressure and a reason- 
ably small pressure drop for two reasons: first, the present tendency in 
steam heating unmistakably points toward a constant lowering of pres- 
sures even to those below atmospheric; second, a system designed in this 
manner will operate under higher pressures without difficulty. When a 
system designed for a relatively high initial pressure and a relatively high 
pressure drop is operated at a lower pressure, it is likely to be noisy and 
have poor circulation. 

The total pressure drop should never exceed one-half of the initial gage 
pressure wlien condensate is flowing in the same direction as the steam. 
Where the condensate must flow counter to the steam, the governing 
factor is the velocity permissible without interfering with the condensate 
flow. A.S.H.V.hL Research Laborator>’^ experiments limit this to the 
capacities given in Table 3 for horizontal pipes at varying grades. 

Maximum Velocity 

The capacity of a steam pipe in any part of a steam system depends 
upon the (juantity of condensate present, the direction in which the con- 
densate is flowing, and the pressure drop in the pipe. Where the quantity 
of condensate is limited and is flowing in the same direction as the steam, 
only the pressure drop need be considered. When the condensate must 
flow against the steam, even in limited quantity, the velocity of the steam 
must not exceed limits above which the disturbance between the steam and 
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the counter-flowing water may produce objectionable sounds, such as 
water hammer, or may result in the retention of water in certain parts of the 
^stem until the steam flow is reduced sufliciently to permit the water to 
pass. The velocity at which such disturbances take place is a function of 
(1) the pipe size, whether the pipe runs horizontally or vertically, (2) the 
pitoh of the pipe if it runs horizontally, (3) the quantity of condensate 
flowing against the steam, and (4) freedom of the piping from water pockets 
which under certain conditions act as a restriction in pipe size. 

Reaming Important 

Three factors of uncertainty always exist in determining the capacity 
of any steam pipe. The first is variation in manufacture, w'hich appar- 
ently cannot be avoided. The second is the care used in reaming the ends 
of the pipe after cutting. The effect of both of these factors increases as the 


Tablb 3. CoifPARATivB Capacitt OF Steam Ltnbs at Vabious Pitches fob Steam 
AND Condensate Fixjwino in Opposite Dibbctions* 

Pitch of Pipe in Inches per 10 Ft. Velocity in Ft per Sec 


Pitch 
OF Pipe 

Hin. 

H IN. 

— 

1 IN. 

IHiN. 

2 IN 

* 

3 IN. 

4 IN. 

5 IN. 

Pipe 

Sixe 

Inches 

. Capacity 

Max. Vel. 

Capacity 

Max. Vcl. 

§ 

U 

Max. Vel. 

8 

Max. Vcl. 

Capacity 

Max. Vel. 

Capacity 

Max. Vel. 

Capacity 

Max. Vel. 

Capacity 

Max. Vel. 


Capacity Expressed in Square Feet £ D R 

H 

25.0 

12 

30.3 

14 

37.3 

18 

40.4 

19 

42.5 

20 

46.1 

21 

47.5 

22 

49.3 

23 

1 

45.8 

12 

52.6 

15 

63.0 

17 

70.0 

20 

75.2 

22 

83.0 

23 

87.9 

25 

90.2 

26 

IH 

104.9 

18 

117.2 

^1 

133.0 

23 

144.5 

25 

154.0 

27 

165.0 

28 

172.6 

29 

178.2 

31 

IH 

142.6 

18 

159.0 

21 


23 

196.5 

25 

209.3 

27 

224.0 

28 

234.8 

30 

242.6 

31 

2 

236.0 

19 

263.5 


299.5 

23 

325.5 

25 

346.5 

27 

371.5 

28 

388.4 

29 


30 


Capacity Expressed in Pounds per Hour 

H 

6.3 

12 

7.6 

14 

9.3 

18 

10.1 

19 

10.6 

20 

11.5 

21 

11.9 

22 

12.3 

23 

1 

11.5 

12 

13.2 

15 

15.8 

17 

17.5 

20 

18.8 

22 

20.^ 

23 

22.0 

25 

22.6 

26 


26.2 

18 

29.3 

20 

33.3 

23 

36.1 

25 

38.5 

27 

41.3 

28 

43.2 

29 

44.6 

31 

IH 

35.7 

18 

39.8 

21 

45.3 

23 

49.1 

25 

52.3 

27 

56.0 

28 

58.7 

30 

60.7 

31 

2 

59.0 

19 

65.9 

>20 

74.9 

23 

81.4 

25 

86.6 

27 

92.4 

28 

97.1 

29 

100.3 

?n 


* Data from Ambricah SoaicTT or UaaTx:«a and VaNTiLATi/tio Enqinbebb Research Laboratory. 


pipe size decreases. According to A.S.H.V.E. Research Laboratory tests, 
either of these factors may affect the capacity of a 1-in. pipe as much as 
20 per cent. The third factor is the uniformity in grading the pipe line. 
All of the capacity tables given in this chapter include a factor of safety. 
However, the factor of safety referred to does not cover abnormal defects 
or constrictions nor does it cover pipe not properly reamed. 

Equivalent Length of Run 

All tables for the flow of steam in pipes, based on pressure drop, must 
allow for the friction offered by the pipe as well as for the additional 
resistance of the fitting and valves. These resistances generally are 
stated in terms of straight pipe; in other words, a certain fitting will 
produce a drop in pressure equivalent to so many feet of straight run of 
the same size of pipe. Table 4 gives the number of feet of straight pipe 
usually allowed for the more common types of fittings and valves. In all 
pipe sizing tables in this chapter the length of run refers to the equivalent 
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length of run as distinguished from the adbual length of pipe in feet. The 
length of run is not usually knovm at the outset ; hence it may be necessaty 
to assume some pipe size at the start. Such an assumption frequently is 
considerably in error and a more common and practical method is to 
assume the length of run and to check this assumption after the pipes are 
sized. For this purpose the length of run usually is taken as double the 
actual length of pipe. 

TABLES FOR PIPE SIZING FOR LOW PRESSURE SYSTEMS* 

Tables 5, 6, and 7 are based on the actual in»de diameters of the pipe 
and the condensation of i lb (4 oz) of steam per square foot of equivalent 
direct radiation {abbreviated EDR) per hour. The drops indicated are 


Table 4. Length in Feet or Pipe to be Added to Actual Length or Run — 
Owing to Fittings — to Obtain Equivalent Length 


SizB OF Pipe 
INCHBS 

Length in Feet to be Added to Run 

Standard Elbow 

Side Outlet Tee 

Gate Valve^ 

Globe Valve* 

Angle Valvea 


1.3 

3 

mM 

14 

7 

H 

1.8 

4 


18 

10 

1 

2.2 

5 

0.5 

23 

12 

IH 

3.0 

6 

0.6 

29 

15 

IH 

3.5 

7 

0.8 

34 

18 

2 

4.3 

8 

1.0 

46 

22 

2H 

5.0 

11 

1.1 

54 

27 

3 

6.5 

13 

1.4 

66 

34 

3H 

8 

15 

1.6 

80 

40 

4 

9 

18 

1.9 

92 

45 

5 

11 

22 

2.2 

112 

56 

6 

13 

27 

2.8 

136 

67 

8 


35 

3.7 

180 

92 

10 

21 1 

45 1 

4.6 

230 

112 

12 

27 I 

53 I 

5.5 

270 

132 

14 

30 

63 

G.4 1 

310 

152 


Measured Length ■■ 132.0 ft 
4 in. Gate Valve -■ 1.0 h 
4—4 in. Elbows — 36.0 ft 

: Equivalent Length » 169.9 ft 


sValve in full open position. 

Eicample of length in 
feet of pipe to be added 
to actual length of run. 


drops in pressure per 100 ft of equivalent length of run. The pipe is 
assumed to be well reamed and without unusual or noticeable defects. 

Table 5 may be used for sizing piping for steam heating systems by 
pre-determining the allowable or desired pressure drop per 100 equivalent 
feet of run and reading from the column for that particular pressure drop. 
This applies to all steam mains on both one-pipe and two-pipe systems, 
vapor systems, and vacuum systems. Columns B to G, inclusive, are used 
where the steam and condensate flow in the same direction, while Columns 
H and I are for cases where the steam and condensate flow in opposite 
directions, as in risers and runouts that are not dripped. Columns J, X, 
and L are for one-pipe systems and cover riser, radiator valve and vertical 
connection sizes, and radiator and runout sizes, all of which are based on the 
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Table 5. Steam Pipe Capaoities fob Low Pbebbube Stbtemb 

(Referenoe to this table will be by oolumn letter A through L) 

This table is based on pipe sise data devdoped through the research investigations of the Ambbx- 
CAN SoaSTT OF HbATTNO and VBNTILAnNO ENGINBEBB. 


CAPACITIES OF STEAM MAINS AND RISERS 

Sraciu. Capacitibs fob 


Dibbction of CoNDBMSxn Flow in Pin Linb 

Oni-Pvb Ststbus Only 

PiPB 

SiXB 

With the Steam in One-Pipe and Two-Pipe Systems 

AxmnsttbeStesm 
Two-PiDe Only 

Supply 

Risers 

Radiator 

Valves 

Radiator 

In. 

or 

j^Oi 

Drop 

VNPii 

or 

MOx 

Drop 

?4PBi 

or 

10s 

Drop 

HP>i 

or 

20s 

Drop 

Kpsi 

or 

40s 

Drop 

Hpai 

or 

8 Os 
Drop 




and 


Vertieal 

Hori- 

sontal 

Up- 


Riser 

Run- 

outs 

A 

B 

C 

D 

B 

r 

a 

ITS 

mm 


K 

L* 


Capacity Expressed in Square Feet E D R 

H 

k 

2 

2H 

3 

3^ 

4 

5 

6 

8 

10 

12 

16 


46 

100 

155 

315 

518 

948 

1.420 

2.010 

3.710 

6.100 

12.700 

23.100 

37.100 

69.700 


79 

173 

269 

546 

898 

1.650 

2.460 

3.480 

6.430 

10.550 

21.970 

40.100 

64.300 

121.000 

111 

245 

380 

771 

1.270 

2.330 

3.470 

4.910 

9.090 

14.900 

31.070 

56.700 

91.000 

170.000 

157 

346 

538 

1.091 

1.800 

3.290 

4.910 

6.950 

12.900 
21.100 

43.900 
80.200 

129.000 

242.000 

H 

34 

75 

108 

195 

395 

700 

1.150 
1,700 

3.150 
5,520 

13,200 

24.000 

40.000 

92.000 

25 

45 

98 

152 

288 

464 

800 

1,140 

1.520 

28 

62 

93 

169 

28 

62 

93 

169 

260 

475 

745 

1.110 

2,180 


Capacity Expressed in Pounds per Hour 

H 

1 

IH 

2 

2H 

3 

3H 

4 

5 

6 

8 

10 

12 

16 

1 


8 

14 

31 

48 

97 

159 

291 

434 

614 

1.140 

1.870 

3.880 

7.090 

11.400 

21.200 

20 

43 

67 

137 

225 

411 

614 

869 

1.610 

2.640 

5.490 

10.000 

16.100 

30.300 

28 

61 

95 

193 

318 

581 

869 

1.230 

2.270 

3.730 

7.770 

14.200 

22.700 

42.400 

40 

87 

135 

273 

449 

822 

1.230 

1.740 

3.210 

5.280 

11.000 

20.000 

32.200 

60.500 

8 

14 

31 

48 

97 

159 

282 

387 

511 

900 

1,450 

3,200 

5,3(X) 

8,000 

17,000 

9 

19 

27 

49 

99 

175 

288 

425 

788 

1,380 

3,300 

6,000 

10,000 

23,000 

6 

11 

20 

38 

72 

116 

200 

286 

380 

7 

16 

23 

42 

7 

7 

16 

23 

42 

65 

119 

186 

278 

545 


All Horixontal Mains and Down-Feed Risen 

Up- 

Feed 

Risen 

Mains 
and Un- 
dripped 
Run- 
outs 

Up- 

fA 

RiseiB 

Radiator 

Con- 

neetions 

Run- 

outs 

Nut 

Dripped 


Note . — Steam at an average preesure of 1 psig is used as a basis for calculating capacities. All drops shown 
are in mi per 100 ft of equivalent run— based on pipe properly reamed. 

* Do not use Column ff for drops of 1/24 or 1/32 psi, substitute Column Cor Column B as required. 

^ Do not use Column J for drop 1/32 pei except on sixes 3 in. and over; below 3 in. substitute Column B. 

* On radiator runouts over 8 ft long increase one pipesixe over that shown in Table 4. 
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critical velocities of the steam to permit the counter flow of condensate 
without noise. 

Return piping may be sized with the aid of Tables 6 and 7 where pipe 
capacities for wet, dry, and vacuum return lines are shown for the pres- 
sure drops per 100 ft corresponding* to the drops m Table 5. It is cus- 
tomary to use the same 'pressure drop on both the sieam and return sides of 
a system. 

Example 2. What pressure drop should be used for the steam piping of a system 
if the measured length of the longest run is 500 ft and the initial pressure is not to be 
over 2-psig? 

Solution. It will be assumed, if the measured length of the longest run is 500 ft, 
that when the allowance for fittings is added the equivalent length of run will not 
exceed 1 ,000 ft. Then, with the pressure drop not over one half of the initial pressure, 
the drop could be 1 psi or less. With a pressure drop of 1 psi and a length of run of 
1,000 ft, the drop per 100 ft would be ^ psi, while if the total drop were } psi, the drop 
per 100 ft would be psi. In the first instance the pipe could oe sized according to 
Column D for ^ psi per 100 ft, and in the second case, the pipe could be sized accord- 
ing to Column C for 5^4 psi. On completion of the sizing, the drop could be checked 
by taking the longest line and actually calculating the equivalent length of run from 
the pipe sizes determined. If the calculated drop is less than that assumed, the pipe 
size is all right; if it is more, it is probable that there are an unusual number of fittings 
involved, and either the lines must be straightened or the column for the next lower 
drop must be used and the lines resized. Ordinarily resizing will be unnecessary. 

TABLES FOR PIPE SIZING FOR HIGH PRESSURE SYSTEMS 

Many of the recent installations of heating systems for large industrial 
type buildings have been designed for the use of high pressure steam, 
that is, without the use of pressure reducing valves. Such systems usually 
involve the use of unit heaters or large built-up fan units with blast heating 
coils. Pressurt^s on these systems vary from 30 to 150 psi. Temperatures 
are controlled by a modulating or throttling type thermostatic valve con- 
trolled by the air temperature in the room, fan inlet or outlet. 

Tables 8 to 11 may be used for the sizing of steam and return piping for 
systems of 30 and 150 psi pressure at various pressure drops. These 
tables are based on Babcock^s formula, and have been used as the basis 
of design for a number of years. 

SIZING PIPING FOR ONE-PIPE GRAVITY SYSTEMS 

Gravity one-pipe air-vent systems in which the equivalent length of run 
does not exceed 200 ft should be sized by means of Tables 5, 6 and 7 as 
follows : 

1. For the steam main and dripped runouts to risers where the steam and condensate 
flow in the same direction, use A-psi drop (Column I)). 

2. Where the riser runouts arc not dripped and the steam and condensate flow in 
opposite directions, and also in the radiator runouts where the same condition occurs, 
use Column L. 

W 3. For up-feed steam risers carrying condensate back from the radiators, use 
Column J. 

4. For down-feed systems, the main risers of which do not carry any radiator con- 
densate, use Column H. 

5. For the radiator valve size and the stub connection, use Column K. 

6. For the dry return main, use Column U. 

7. For the wet return main use Column T. 

On systems exceeding an equivalent length of 200 ft, it is suggested that 
the total drop be not over J psi. The return piping sizes should corre- 
spond with the drop used on the steam side of the system. Thus, where 
^> 4 -psi drop is being used, the steam main and dripped runouts would be 
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Table 8. Steam Pipe Capacities for 30 Psig Steam Systems* 
Capacity Expressed in Pounds per Hour 
(Steam and Condensate Flowing in Same Direction) 


Pipe Size 
Inches 

Drop in Pressure — Pounds per 100 Ft in Length 

K 

K 

K 

H 

1 

2 

% 

15 

22 

31 

38 

45 

63 

1 

31 

46 

63 

77 

89 

125 

IK 

69 


141 

172 

199 

281 

IH 

107 

154 

219 

267 

.309 

437 

2 

217 

313 

444 

543 


886 

2K 

358 

516 

730 

924 

1.030 

1.460 

3 

651 

940 

1.330 

1.630 

1.880 

2.660 

3K 

979 

1.410 

2.000 

2.450 

2.830 

4.000 

4 

1.390 


2.830 

3.460 


5.660 

5 

2.560 

3.640 

5.230 

6.400 

7.390 

10.500 

6 

4.210 

6.030 

8.590 

10,400 


17,200 

8 

8.750 

12.600 

17,900 

21.900 


35.100 

10 

16.300 

23.500 

33.200 



66.400 

12 

25.600 

36.900 

52.300 

64.000 


104.500 


* Note: Steam at an average pressure of 30 psig is used as the basis for calculating the above table. 


sized from Column C ; radiator runouts and undripped riser runouts from 
Column L; up-feed risers from Column J\ the main riser on a down-feed 
system from Column C (it will be noted that if Column H is used the 
drop would exceed the limit of psi); the dry return from Column 72; 
and the wet return from Column Q. 

With a 7 ^^-psi drop the sizing would be the same as for 2^4 psi except 
that the steam main and dripped runouts would be sized from Column 77, 
the main riser on a down-feed system from Column B, the dry return from 
Column 0, and the wet return from Column N, 


Notes on Gravity One-Pipe Air-Vent Systems 

1. Pitch of mains should not be less than } in. in 10 ft. 

2. Pitch of horizontal runouts to risers and radiators should not be less than J in. 
per foot. Where this pitch cannot be obtained runouts over 8 ft in length should be 
one size larger than called for in the table. 

3. In general, it is not desirable to have amain less than 2 in. The diameter of the 
far end of the supply main should not be less than half its diameter at its largest part. 

Table 9. Steam Pipe Capacities for 150 psig Steam Systems* 

Capacity Expressed in Pounds per Hour 
(Steam and Condensate Flowing in Same Direction) 


Drop in Pressure — Psi per 100 Ft in Length 


INCHES 

H 

K 

H 

K 

1 

2 

5 

H 

29 

41 

58 

71 

82 

116 

184 

1 

58 

82 

117 

143 

165 

233 

369 

IK 

130 

185 

262 

320 

370 

523 

827 

IK 

203 

287 

407 

497 

575 

813 


2 

412 

583 

825 

1.010 

1.170 

1.650 


2K 

683 

059 

1.360 

1.650 

1,920 

2,710 

4.290 

3 

1.240 


2,480 


3.500 

4.940 

7.820 

3K 

1.860 

2.630 

3.720 

4.550 

5.250 

7.420 

11.700 

4 

2,630 

3,720 

5.260 

6,430 

7,430 

10.600 


5 

4,860 

6,880 

9.730 

11.900 

13,800 

19,500 


6 

7.960 




22.600 

31,900 


8 

16.600 


33.200 

40.600 

47.000 

66,400 


10 

30.800 

43,400 

61.700 

75,600 

87.300 



12 

48.600 


97.300 

119.000 

138,000 




*i.Notc: Steam at an average pressure of 160 psig is used as the basis for calculating the above table. 
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Table 10. Return Pipe Capacities for 30 pbig Steam Systems* 
Capacity Expressed in Pounds per Hour 


Drop in Prbssure^Pounos per 100 Ft in Length 


Pipe Size * 


Inches 



H 

H 

1 

H 

115 

170 

245 

308 

365 

1 

230 

340 

490 

615 

730 


485 

710 

1,025 

1,290 

1,530 


790 

1,160 

1,670 

2,100 

2.500 

2 

1,580 


3,400 

4,300 

5,050 

2H 

2,650 


5,600 

7.100 

8,400 

3 

4,850 

7,100 

10,300 

12,900 

15,300 

3H 

7,200 

10,600 

15,300 

19,200 

22.800 

4 

10,200 

15,000 

21,600 

27.000 

32,300 

5 

19,000 

27.800 

40.300 

55,500 

60,000 

6 

31,000 

45,500 

65,500 

83,000 

98,000 


* Note: The above table ia baaed on ateam at preaaurea of 0 to 4 paig. 


4. Supply mains, runouts to risers, or risers, should be dripped where necessary. 

5. Where supply mains arc decreased in size they should be dripped, or be provided 
with eccentric couplings, flush on bottom. 

Example S. Size the one-pipe gravity steam system shown in Fig. 19 assuming 
that this is all there is to the system or that the riser and main shown involve the 
longest run on the system. 

Solution. The total length of run actually shown is 215 ft. If the equivalent 
length of run is taken at double this, it will amount to 430 ft, and with a total drop 
of i psi the drop per 100 ft will be slightly less than ^ psi. It would be well in this 
case to use psi, and this would result in the theoretical sizes indicated in Table 12. 
These theoretical sizes, however, should be modifled by not using a w^et return less 
than 2 in. while the main supply, g-h, if from the uptake of a boiler, should be made 
the full size of the main, or 3 in. Also the portion of the main k-m should be made 
2 in. if the wet return is made 2 in. 


SIZING PIPING FOR ONE-PIPE VAPOR SYSTEMS 

Piping for one-pipe vapor systems is sized so as to permit only a few 
ounces pressure drop in the system. Otherwise, the method follows that 
outlined for sizing one-pipe gravity systems. 


Table 11. Return Pipe Capacities for 150 psig Steam Systems® 
Capacity Expressed in Pounds per Hour 

Drop in Prbssurb—Psi per 100 Ft in Length 


Pipe Size 


Inches 


M 


H 

1 

2 

H 

156 

232 

360 

465 

560 

890 

1 

313 

462 

690 

910 


1,780 


650 

960 

1,500 

1,950 


3,700 


1,070 

1,580 

2,460 

3,160 


6,100 

2 

2,160 

3,300 

4,950 

6,400 

7,700 

12,300 

2J4 

3,600 

5,350 

8,200 


12,800 

20,400 

3 

6,500 

9,600 

15,000 

19,500 

23,300 

37,200 

3H 

9,600 

14,400 

22,300 

28,700 

34,500 

55,000 

4 

13,700 

20,500 

31,600 


49,200 

78,500 

5 

25,600 

38,100 

58,500 


91,500 

146,000 

6 

42,000 

62,500 

96,000 

125,000 

150,000 

238,000 


* Note: The above table is bued on steam at preBBuree of 1 to 20 psig. 
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Tabub 12. Pira SiEBS fob One-Pipb Uf-Fbed Ststbh 
Shown in Fig. 19 


Part or SiBnic 

SvcnoN 
or Pm 

Radiation 

Smuio 

EDR 

Sq Ft 

Tbroritical 
P m Bin 
(Incbks) 

Practioal 
P m am 
(Incbrb) 

Branches to radiators.. 


100 

2 

2 

Branches to radiators.. 



50 



Riser 

a to 6 

200 

2 

2 

Riser 

htoc 

300 

2H 

2H 

Riser 

ctod 

400 

2J^ 

2J4 

Riser 

dtoe 

500 

3 

3 

Riser 

etof 

600 

3 

3 

Runout to riser. 

/tog 

600 


3H 

Supply main 

Branch to supply main 

gtok 

600 

3 

3 

htoj 

600 

2H 

3 

Dry return main 

ftok 

600 

IJi 

2 

Wet return main 

k to tn' 

600 

1 

2 

Wet return main 

mton 

600 

1 

2 

Wet return main 

ntop 

600 

1 

2 




m nm 


Fio. 19. Riser, Supply 
Main and Return Main 
OF One-Pipe System 



SIZING PIPING FOR TWO-PIPE HIGH PRESSURE SYSTEMS 

Steam piping for two-pipe high pressure can be sized for greater pressure 
drops than that of the return piping. For a system using steam at 30 psig 
the total pressure drop can be 5 to 10 psi and for 150 psig systems, 25 to 
30 psi. 

It has been observed that the maximum total pressure in the returns of 
a 30-psig system is about 5 psi, and that of a 150-psig system is about 20 psi. 
The pressure in the return mains is, of course, caused by the discharge of 
traps, or by leaky traps and by flashing of condensate into steam due to 
the lower pressure in the return line. The usual practice in the sizing of 
high pressure returns has been to size on the basis of | psi per 100 ft of 
pipe for 30-psig systems, and 1 psi per 100 ft for 150-psig systems. This is 
an average figure which corresponds generally to several of the previously 
published tables for the design of high pressure return piping. 


Notes on Two-Pipe High Pressure Systems 

Pitch of mains should not be less than J inch in 10 feet. 

Pitch of horizontal runouts to risers and heating units should be not less than 
} inch per foot. 

SIZING PIPING FOR TWO-PIPE LOW PRESSURE SYSTEMS 

Piping for two-pipe low pressure systems is sized in the same manner as 
for two-pipe vapor systems, except that the pressure drop throughout 
the system can be based on ^ psi to 1 psi drop. 

SIZING PIPING FOR TWO-PIPE VAPOR SYSTEMS 

While many manufacturers of patented vapor heating accessories have 
their own schedides for pipe sizing, an inspection of these sizing tables 
indicates that in general as small a drop as possible is recommended. The 
reasons for this are: (1) to have the condensate return to the boiler by 
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gravity, (2) to obtain a more uniform distribution of steam throughout 
the system, especially when it is desirable to carry a moderate or low 
fire, and (3) that with large variations in pressure the value of graduated 
valves on radiators is destroyed. 

For small vapor systems where thb equivalent length of run does not 
exceed 200 ft, it is recommended that the main and any runouts to risers 
that may be dripped should be sized from Column Z), Table 5, while riser 
runouts not' dripped and radiator runouts should employ Column I. The 
up-feed steam risers should be taken from Column H. On the returns, 
the risers should be sized from Tables 6 and 7, Column C7, (lower portion) 
and the mains from Column U (upper portion). It should again be 
noted that the pressure drop in the steam side of the system is kept the 
same as on the return side except where the flow in the riser is concerned. 

On a down-feed system the main vertical riser should be sized from 
Column H, but the down-feed risers can be taken from Column D al- 
though it so happens that the values in Columns D and H for small systems 
correspond. This will not hold true in larger systems. 

For vapor systems over 200 ft of equivalent length, the drop should not 
exceed J psi to \ psi, if possible. Thus, for a 400 ft equivalent run the 
drop per 100 ft should be not over | psi divided by 4, or psi. In this 
case the steam mains would be sized from Column the radiator and 
undripped riser runouts from Column /; the risers from Column J5, 
because Column II gives a drop in excess of ^ psi. On a down-feed 
system. Column B would have to be used for both tixe main riser and the 
smaller risers feeding the radiators in order not to increase the drop over 
^ psi. The return risers would be sized from the lower portion of Column 
0 and the dry return main from the upper portion of the same column, 
while any wet returns would be sized from Column N. The same pressure 
drop is applied on both the steam and the return sides of the system. 

Notes on Vapor Systems 

1. Pitch of mains should not be less than } in. in 10 ft. 

2. Pitch of horizontal runouts to risers and radiators should not be less than i in. 
per foot. Where this pitch caiiaot be obtained runouts over 8 ft in length should be 
one size larger than called for in the table. 

3. In general it is not desirable to have a supply main smaller than 2 in. 

4. When necessary, supply main, supply risers, or runouts to supply risers should 
be dripped separately into a wet return, or may be connected into the dry return 
through a thermostatic drip trap. 

SIZING PIPING FOR TWO-PIPE VACUUM SYSTEMS 

Vacuum, atmospheric, sub-atmospheric and oriflee systems are usually 
employed in large installations and have total drops varying from i to 
^ psi. Systems in which the maximum equivalent length does not exceed 
200 ft preferably employ the smaller pressure drop, while systems over 
200 ft equivalent length of run, more frequently are designed for the higher 
drop, owing to the relatively greater saving in pipe sizes. For example, a 
system with 1200 ft longest equivalent length of run would employ a drop 
per 100 ft of i psi divided by 12, or ^ 4 ^ psi. In this case, the steam main 
would be sized from Column C, Table 6, and the risers also from Column 
C (Column H could be used as far as critical velocity is concerned but the 
drop would exceed the limit of Riser runouts, if dripped, would 

use Column C but if undripped would use Column 7; radiator runouts. 
Column I ; return risers, lower part of Column iS, Tables 6 and 7 ; return 
runouts to radiators, one pipe size larger than the radiator trap connections. 
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Notes on Vacuum Systems 

1. It is not generally considered good practice to exceed i psi drop per 100 ft of 
equivalent run nor to exceed 1 psi total pressure drop in any system. 

2. Pitch of mains should not be less than } in. in 10 ft. 

3. Pitch of horizontal runouts to risers and radiators should not be less than in. 
per foot. Where this pitch cannot be obtained runouts over 8 ft in length should be 
one size larger than called for in the table. 

4. In general it is not considered desirable to have a supply main smaller than 2 in. 

5. When necessary, the supply main, supply riser, or runout to a supply riser 
should be dripped separately through a trap into the vacuum return. A connection 
should not be made between the steam and return sides of a vacuum system without 
interposing a trap to prevent the steam from entering the return line. 

6. Lifts should be avoided if possible, but when they cannot be eliminated they 
should be made in the manner described in this chapter. 

7. No lifts can be used in orifice and atmospheric systems. In sub-atmospheric 
systems the lift must be at the vacuum pump. 

SIZING PIPING FOR INDIRECT HEATING UNITS 

Pipe connections and mains for indirect heating units are sized according 
to the quantity of steam condensed by each unit. The condensation per 
unit depends upon the entering temperature and the air velocity, and may 
be obtained from manufacturers’ rating tables. Where more than one 
unit are placed in series, the entering air temperature for any unit will be 
the leaving temperature for the preceding unit. 

When the amount of condensation has been obtained for each unit, the 
pipe sizes should be based on the length of run and the pressure drop de- 
sired, as in the case of radiators. It is generally desirable to place the 
indirect heating units on a separate piping system rather than to connect 
them to the piping which supplies direct radiation. For type of connections 
see section on Connections to Heating Units. 

PRESSURE REDUCING VALVES 

While the illustrations given in Figs. 2 to 17 inclusive indicate the various 
systems to be supplied by separate hoHer plants, it is also possible to have 
steam supplied at high pressure by a boiler plant remotely located. In 
this case steam is supplied directly to the system or through a pressure 
reducing valve. Condensate can either be returned to the boiler plant or 
wasted to the sewer. The general arrangement of the systems fed through 
a pressure reducing valve will not vary from those illustrated with a boiler 
supply. 

When high pressure steam is being supplied and lower steam pressures 
are required for heating, for domestic hot water, for utility services, etc., 
one or more pressure reducing valves (pressure regulators) are required. 

These are used in two classes of service, one where the steam must be 
shut off tight to prevent the low pressure building up at time of no load, 
and the other where the low pressure lines will condense enough steam to 
offset normal leakage through the valve. In the latter case, double seated 
valves may be used in a manner that reduces the work required of the 
diaphragm in closing the valve and consequently the size of the diaphragm. 
These valves also control the low pressures more closely under conditions 
of varying high pressures. 

Valves that shut off all steam are called dead end type. They are single 
seated, and some of them have pilot operation that provides close control 
of the reduced pressure. If a thermostatically controlled valve is installed 
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after, and near, a reducing valve in such a manner as to cut off the passage 
of steam, the dead end type should be used. 

It is common practice when the initial steam pressure is 100 psig or 
higher to install two-stage reduction. If the radiation served is cast-iron, 
the A.S.M.E. code requires two reducing valves when the inlet pressure 
exceeds 50 psig. This makes a quieter condition of steam flow, as it is 
apparent that with one reduction, as for example from 150 to 2 psig, there 
is a smaller opening with greater velocity across the reducing valve and, 
consequently, more noise. A two-stage reduction also introduces a 
source of safety, since if one reducing valve were to build up its discharge 
pressure, this excess pressure would not be so great as the case might be 
in a one-stage reduction. 

If an installation requires single seated valves and the pilot type cannot 
be used, it is necessary to use two-stage reduction, as single seated valves 
require sufficient diaphragm area to overcome the unbalanced pressure 
underneath the single valve. In many cases the large diameter of dia- 
phragm required would make it impractical in construction. With a two- 
stage reduction the diaphragm diameter required would be reduced. If 
a one-stage reduction is desired, it is necessary to use a pilot controlled 
pressure reducing valve, where low pressures are to be maintained closely. 

In making a two-stage reduction, allowance for expansion of steam on 
the low pressure side of the valve should be made by increasing the pipe 
size. This also allows steam flow to be at a more nearly uniform velocity. 
Separating the valves by a distance up to 20 ft is recommended to reduce 
excessive hunting action of the first valve. 

When the reduced pressure is approximately 15 psig or lower, the weight 
and lever diaphragm valve gives the best results with minimum main- 
tenance. Above 15 psig, spring loaded diaphragm valves should be used, 
because of the extra weights required on weight and lever type. Pressure 
eciualizing lines should not be connected too close to the valve. They 
should be connected into the bottom of the reduced pressure steam main, 
to allow maximum condensate to exist in the equalizing lines, or the 
connection can be made into the top of the main if a water accumulator 
is used to nnluce the variation of the head of water on the diaphragm. 

Care should be exercised in selecting the size of a reducing valve. The 
safest method is to consult the manufacturer. It is essential that sizes 
of piping to and from the reducing valve be such that they will pass the 
desired amount of steam with the maximum velocity desired. A common 
error is to make the size of the reducing valve the same size as that of the 
service, or outlet pipe size. Generally, this will make the reducing valve 
oversized, and bring about wire-drawing of valve and seat, due to small lift 
of the valve seat. 

On installations where the steam requirements are relatively large and 
variable in mild weather or reduced demand periods, wire-drawing may 
occur. To overcome this condition, two reducing valves are installed in 
parallel, with the sizes selected on a 70 and 30 per cent proportion of 
maximum flow. For example, if 50,000 lb of steam per hour are required, 
the size of one valve is on the basis of 0.7 X 50,000 lb, or 35,000 lb, and 
the other on the basis of 0.3 X 50,000 lb, or 15,000 lb. During the mild 
or reduced demand periods, steam will flow through the sm^ler valve 
only. During the remainder of the season, the larger valve is set to control 
at whatever low pressure is desired, and the smaller one at a somewhat 
lower pressure. Thus, when steam flow is not at its maximuin, the 
ampler valve is closed, but it opens automatically when the maximum 
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steam demand occurs, because this maximum demand creates a slight 
pressure drop in the service line. 

The installation of reducing valves in pip>c lines requires detailed planning* 
They should be installed to give ease of access for inspection and repair, 
and wherever possible with diaphragm downward, except in cases of pilot 
operated valves. 

There should be a by-pass around each reducing valve of size equal to 
one-half the size of reducing valve. The globe valve in by-pass line should 
be of a better type of construction, and must shut off absolutely tight. 
A steam pressure gage, graduated up to the initial pressure, should be 
installed on the low pressure side. Safety valves located on the low 
pressure side should be set 5 psi liigher than the final pressure but may be 
10 psi higher than the reduced pressure if this reduced pressure is that of 
the first stage reduction of a double reduction. Strainers are sometimes 
installed on the inlet to the reducing valve but are not required before a 



second-stage reduction. If a two-stage reduction is made, it is well to 
install a pressure gage immediately before the reducing valve of the 
second-stage reduction also. In sizes 3 in. and above, it is advisable to 
install a drip trap between the two reducing valves. 

BOILER CONNECTIONS 


Steam 

Cast-iron, sectional heating boilers usually have several outlets in the 
top. Two or more outlets should be used whenever possible to reduce the 
velocity of the steam in the vertical uptakes from the boiler and thus to 
prevent water being carried over into the steam main. 

Return 

Cast-iron boilers are generally provided with return tappings on both 
sidesi while steel boilers are generally equipped with only one return 
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tapping. Where two tappings are provided, both should be used to effect 
proper circulation through the boiler. The return connection should 
include either a Hartford return connection or a check valve to prevent 
the accidental loss of boiler water to the returns with consequent danger 
of boiler damage. The Hartford return connection i^s to be preferred over 
the check valve because the latter is apt to stick or not close tightly and, 
furthermore, because the check valve offers additional resistance to the 
condensate coming back to the boiler, which in gravity systems would 
raise the water line in the far end of the wet return several inches. 

In order to prevent the boiler from losing its water under any circum- 
stances, the use of the Hartford return connection is recommended. 
This connection for a one- or two-boiler installation is shown in Fig. 20. 
The essential features of construction of a Hartford return connection are: 
(1) a direct connection (made without valves) between the steam side 
of the boiler and the return side of the boiler, and (2) a close nipple, or 
preferably an inverted Y-fitting connection about 2 in. below the normal 
boiler water line from the return main to the boiler steam and return 
pressure balance connection. Equalizing pipe connections between the 
steam and return are given in Fig. 20, based on grate areas, but in no case 
shall this pipe size be less than the main return piping from the system. 

Sizing Boiler Connections 

Little information is available on the sizing of boiler runouts and steam 
headers. Although some engineers prefer an enlarged steam header to 
serve as additional steam storage space, there ordinarily is no sudden 
demand for steam in a steam heating system except during the heating-up 
period, at which time a large steam header is a disadvantage rather than 
an advantage. The boiler header may be sized by first computing the 
maximum load that must be carried by any portion of the header under 
any conceivable method of operation, and then applying the same schedule 
of pipe sizing to the header as is used on the steam mains for the building. 
The horizontal runouts from the boiler, or boilers, may be sized by calculat- 
ing the heaviest load that will be placed on the boiler at any time, and 
sizing the runouts on the same basis as the building mains. The difference 
in size between the vertical uptakes from the boiler, which should be of 
same size as the boiler outlet tapping, and the horizontal main or runout 
is compensated for by the use of reducing ells. 

Return connections to boilers in gravity systems are made the same 
size as the return main itself. Where the return is split and connected to 
two tappings on the same boiler, both connections are made the full size 
of the return line. Where two or more boilers are in use, the return to 
each may be sized to carry the full amount of return for the maximum load 
which that boiler will be required to carry. Where two boilers are used, 
one of them being a spare, the full size of the return main would be carried 
to each boiler, but if three boilers are installed, with one spare, the return 
line to each boiler would require only half of the capacity of the entire 
system, or, if the boiler capacity were more than one-half the entire system 
load, the return would be sized on the basis of the maximum boiler capacity. 
As the return piping around the boiler is usually small and short, it should 
not be sized to the minimum. 

With returns pumped from a vacuum or receiver return pump, the size 
of the line may be c^dculated from the water rate on the pump discharge 
when it is operating, and the line sized for a very small pressure drop. 
The relative boiler loads should be considered, as in the case of gravity 
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return connections. Boiler header and piping sizes should be based on 
the total load. 

CONDENSATE RETURN PUMPS 

Condensate return pumps are used for gravity systems when the local 
conditions do not permit the condensate to return to the boiler under 
the existing static head. The return of the condensate permits the water 
to repeatedly go through the cycle of vaporization, with subsequent 
condensation and return to the boiler. During such repeated cycles any 
incrustants or other substances in solution are precipitated and the water 
de-activated to a considerable extent so that corrosion of a serious nature 
is seldom ever encountered where the condensate is repeatedly used. 
Serious corrosion is more frequently found in systems in which the con- 
densate is wasted and fresh make-up water is continually being intro- 
duced. 

A generally accepted condensate pump unit for low pressure heating 
systems consists of a motor-driven centrifugal pump with receiver and 
automatic float control. Other types in use include rotary, screw, turbine 
and reciprocating pumps with steam turbine or motor drive, and direct- 
acting steam reciprocating pumps. 

The receiver capacities of these automatic units should be sized so as 
not to cause too great a fluctuation of the boiler water line if fed directly 
to the boiler and at the same time not so small as to cause too frequent 
operation of the unit. The usual unit provides storage capacity between 
stops in the receiver of approximately 1.5 times the amount of condensate 
returned per minute and the pump generally has a delivery rate of 3 to 4 
times the normal flow. This relation of receiver and pump size to heating 
system condensing capacity takes account of the peak condensation rate. 

A typical installation of a motor driven automatic condensate unit 
is illustrated in Fig. 9. 

VACUUM HEATING PUMPS 

On vacuum systems, where the returns are under a vacuum, and sub- 
atmospheric systems, where the supply piping, radiation and the returns 
are under a vacuum, it is necessary to use a vacuum pump to discharge the 
air and non-condensable gases to atmosphere and to dispose of the con- 
densate. Direct-acting steam-driven reciprocating vacuum pumps are 
sometimes used where high pressure steam is available or where the 
exhaust steam from the pump can be utilized. In general, however, these 
have been replaced by the automatic motor-driven return line heating 
pump especially developed for this service. Steam turbine drive is also 
frequently used where steam at suitable pressures is available, the steam 
being used afterward for building heating. The usual vacuum pump 
unit consists of a compact assembly of exhausting unit for withdrawing 
the air-vapor mixture and discharging the air to atmosphere and a water 
removal unit which discharges the condensate to the boiler. They are 
furnished complete with receiver, separating tank and automatic controls 
mounted as an integrated unit on one base. There are also special steam 
turbine driven units which are operated by passing the steam to be used 
in heating the building through the turbine with only a 2 to 3 psi drop 
across the turbine required for its operation. Under special conditions 
such as installations where it is necessary to return the condensate to a 
high pressure boiler, auxiliary water pumps may be supplied. In some 
instances separate air and water pumps may be used. 
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For rating purposes® vacuum pumps are classified as low vacuum and 
high vacuum. Low vacuum pumps are those rated for maintaining 5J in. 
Hg vacuum on the system, and high vacuum-pumps are those rated to 
maintain vacuums above 5| in. 

Manufacturers of vacuum pumps" specify that the standard capacity of 
pumps shall be 0.3 to 0.5 cfm of air removal and 0.5 gpm of water per 
1000 EDR served. This capacity is at 5| in. of vacuum and with con- 
densate at 160 F. The larger air capacity is for smaller systems and the 
smaller capacity for the larger systems. 

Some manufacturers, however, specify more air capacity than stand- 
ard where higher vacuums are desired and where air leakage is sus- 
pected. 

The vacuum that can be maintained on a system depends upon the 
relationship of the air leakage rate into the system to the operating air 
capacity of the hydraulic evacuator when operating at any given return 
line temperature. The hotter the returns, the lower will be the possible 
vacuum for a given air leakage rate into the system. It is particularly 
essential on high vacuum installations to see that the entire system is 
tight in order to reduce the amount of inward air leakage and, further- 
more, to see that relatively higher temperature steam is prevented from 
entering the vacuum return lines through leaky traps, high pressure 
drips, etc. It is for this reason that the condensate from equipment using 
steam at high pressures should not be connected directly to a vacuum 
return line, but should drain to a flash tank or flash leg through a high 
pressure trap. The receiver should have an equalizing connection to a low 
pressure steam main and drain through a low pressure trap to the vacuum 
return main as indicated later in this chapter in section on Drips. 

Vacuum Pump Controls 

In the ordinary vacuum system, the vacuum pump is controlled by a 
vacuum regulator which cuts in when the vacuum drops to the lowest 
point desired and cuts out when it has been increased to the highest point, 
these points being varied to suit the particular system or operating condi- 
tions. In addition to this vacuum control, a float control is included 
which will start the pump whenever sufficient condensate accumulates in 
the receiver, regardless of the vacuum on the system. A selector switch 
is usually provided to allow operation at night as a condensate pump only, 
also to give manual or continuous operation when desired. 

There are several variations in the control of the vacuum maintained on 
the system by the pump. In some sub-atmospheric systems where orifices 
are used, the vacuum pump control maintains a pressure difference between 
the supply and the return piping, which is held within relatively close 
limits. There are other sub-atmospheric systems which utilize special 
temperature-pressure actuated controls for maintaining the desired condi- 
tions in the return lines. Where various zones are connected to the 
same return main, the return vacuum must be controlled to meet the 
requirements of the zone operating at the lowest steam supply pressure. 

Piston Displacement Vacuum Pumps 

Piston displacement return vacuum heating pumps may be either elec- 
tric or steam driven. Their piston speed in feet per minute should not 
exceed 20 times the square root of the number of inches in their stroke. 
They are usually supplied with an air separating tank, open to atmosphere, 
placed on the discharge side of the pump and at an elevation sufficiently 
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Fig. 21. Single Port Float Trap Fig. 22. Multiport Float Trap 

high to gravity flow of the condensate to the boiler. If the boiler 
pressure is too high for such gravity feed, then an additional steam pump 
for feeding the boiler is desirable. The extra pump is sometimes avoided 
by using a closed separating tank with a float controlled vent. In both 
arrangements, the air taken from the system must be discharged against 
the full discharge pressure of the vacuum pump. In the case of high 
or medium pressure boilers, it is better to use the atmospheric separator 
and the second pump. 

In figuring the required displacement for such pumps, a value of from 
6 to 10 times the volumetric flow of condensate is used for average vacuums 
and systems. 


VALVE ACCESS PLUG 



STEAM TRAPS 

Steam traps, as the name implies, are automatic devices used to trap 
or hold steam in an apparatus or piping system until it has given up its 
latent heat, and to allow condensate and air to pass as soon as it accumu- 
lates. In general traps consist of a vessel in which to accumulate the 
condensate, an orifice through which the condensate is discharged, a valve 
to close the orifice port, mechanisms to operate the valve, and inlet and 
outlet openings for the entrance and discharge of the condensate from the 
trap vessel. 

Steam traps are classified according to the type of operating device by 
which they function. The traps which are available on the market today 
may be classified as (1) float, (2) thermostatic, (3) float and thermostatic, 
(4) upright bucket, (5) inverted bucket, (6) flash, (7) impulse, (8) tilting, 
(9) lifting, and (10) boiler return trap or alternating receiver. 

Float Traps, Float traps operate by the rise and fall of a float due to a change 
of condensate level in the trap. When the trap is empty, the float is in its lowest 
position and the discharge valve is closed. As condensate accumulates in the trap 
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Fig. 25 . Typical Float akd Fig. 26 . Upright Buckbt Tbap 

Thbbmobtatic Trap 

chamber, the float rises and gradually opens the valve and the pressure of the steam 
pushes the condensate out of the valve. The discharge from a float trap is generally 
continuous, since the opening of the valve is proportioned to the flow of condensate 
through the trap. A gage glass may be used to indicate the height of condensate 
in the trap chamber. Unless float traps are well made and proportioned, there is 
danger of considerable steam leakage through the discharge valve due to unequal 
expansion of the valve and seat and the sticking of moving parts. Float traps are 
made in sizes from i to 3 in., and for pressures varying from vacuum conditions to 
200 psig. Float traps are used for draining condensate from steam separators, steam 
heaaers, blast coils, heating systems, steam water heaters, laundry equipment, 
sterilizers, and other equipment. When used for draining low pressure systems, 
float traps should be equipped with a thermostatic air vent (See Float and Thermo- 
static Traps). Figs. 21 and 22 illustrate types of float traps which are in use at the 
present time. 

ThermoBiaiic Traps. Thermostatic traps function by means of elements which 
expand and contract under the influence of heat and cold. Early types of thermo- 
static traps employed carbon posts and bi-metallic elements for expansion. In 
general, the modern typo of thermostatic trap consists of thin corrugated metal 
bellows or discs enclosing a hollow chamber. The chamber is either filled with a 
liquid or a small amount of a volatile liquid such as alcohol is introduced. The liquid 
expands or becomes a gas when steam comes in contact with the expansive element. 
The pressure created in either case expands the element and closes the valve of the 
trap against the escape of steam. When condensate or air comes in contact with the 
element, it cools and contracts, opening the valve and allowing the escape of water 
and air. 

The discharge from this type of trap is intermittent. Thermostatic traps find 
their use generally for the draining of condensate from radiators, convectors, pipe 
coils, drips, unit heaters, water heaters, cooking kettles, and other equipment. 
Except for radiators and convectors, it is recommended that a strainer be installed 
on the inlet connection to the trap to prevent dirt, pipe scale, and other foreign sub- 
stance from entering the trap. A cooling leg of a length of pipe should also be pro- 
vided ahead of the trap on unit heaters and similar apparatus to cool the condensate 
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in order to help in the trap action. Thermostatic traps are made in sizes from } 
to 2 in. and for pressures ranging from vacuum conditions to 300 psig. Figs. 23 and 
24 illustrate types of thermostatic traps which are available at the present time. 

Float and Thermostatic Traps. This type of trap is a combination of the float 
trap and the thermostatic trap and finds its use in the draining of condensate from 
unit heaters, blast heaters, and coil heaters for water, oil or other liquids whore there 
is apt to be a large volume of condensate which would not permit successful operation 
of thermostatic traps alone. The function of the float element of this trap is to 
handle the condensate and of the thermostatic element to permit the flow of air and 
to prevent the flow of steam around the float valve. Float and thermostatic traps 
are made in sizes from J to 2 in. and operate under pressures varying from vacuum 
conditions to 40 psig. Fig. 25 illustrates a typical float and thermostatic trap. 

Upright Bucket Traps. In this type of trap, the condensate enters the trap cham- 
ber and fills the space between the bucket and the walls of the trap. This causes the 
bucket to float and forces the valve against its seat, the valve and its stem usually 
being fastened to the bucket. When the condensate in the chamber rises above the 
edges of the bucket, it overflow’s into it and causes the bucket to sink, thereby with- 
drawing the valve from its seat. This permits the steam pressure acting on the sur- 
face of condensate in the bucket to force the water to the discharge opening. 
When the bucket is emptied, it rises and closes the valve and another cycle begins. 
The discharge from this type of trap is intermittent, and it requires a definite differen- 
tial pressure (usually 1 psi at least) between the inlet and outlet of the trap in order to 



Fig. 29. Flash Tbap 



lift the condensate out of the bucket to the return opening. Upright bucket traps 
are used for draining condensate and air from blast coils, unit heaters, steam mains, 
laundry equipment, sterilizers, water and oil heaters and other equipment. This 
type of trap is particularly suited for use w’here there arc pulsating pressures, such as 
draining steam lines and separators to reciprocating pumps or engines. It is not 
influenced by pulsations or w’ide fluctuations of pressure. Upright bucket traps are 
obtainable in sizes varying from J to 2§ in. and for pressures varying from vacuum to 
1200 psig. Fig. 26 illustrates an upright bucket trap. 

Inverted Bucket Traps. In this type of trap, steam, condensate and air enter the 
trap under the bell or inverted bucket. Steam floats the inverted bucket and closes 
the valve. Condensate entering the trap enables the inverted bucket to fall, opening 
the valve. The steam pressure entering through the open valve discharges the trap. 
Air is eliminated automatically by passing through the small vent hole located in the 
top of the inverted bucket. Inverted bucket traps for use on low pressure system 
particularly with blast coils or unit heaters are usually furnished with a large capacity 
opening equipped with a bi-metallic thermostatic element which closes when heated 
by steam and opens when cooled by air and condensate, allowing air to escape from 
the inverted bucket to the trap outlet. Inverted bucket traps are used for cl raining 
condensate and air from blast coils, unit heaters, steam drips, laundry equipment, 
sterilizers, steam water heaters and other equipment. They are particularly suited 
for draining condensate from steam lines or eejuipment w^here abnormal amounts of 
air must be discharged, and where there is also foreign matter such as dirt, sludge and 
oil draining to the trap. The discharge from inverted bucket traps like that of the 
upright bucket traps is intermittent and requires a definite diitTercntial pressure 
between the inlet and the outlet of the trap in order to lift the condensate irom the 
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bottom of the trap to the outlet of same. Inverted bucket traps are made in sizes 
from J to 3 inches and for pressures varying from vacuum to 2400 psig. Figs. 27 and 
28 illustrate some of the types of inverted bucket traps which are available on the 
market at the present time. 

Flash Traps. These traps depend on the property of condensate at a high pressure 
and temperature to flash into steam at*a lower pressure. Condensate flows freely 
through the orifice of the trap due to the pressure diffei*ence from inlet to outlet of 
trap until steam enters the inlet chamber and mixes with the remaining condensate, 
heating the condensate and causing it to flash thereby choking the flow through the 
orifice and allowing more condensate to accumulate in the trap. The discharge from 
flash type traps is intermittent. There are no moving parts in this type of trap. 
The orifice, however, is adjustable for the pressure differential required. A gage 
glass or float indicates w’^hether the trap is operating. These traps can be used for 
draining condensate from steam w'ater and oil heaters, blast heaters, unit heaters, 
dryers, vulcanizers, kitchen equipment, laundry equipment, evaporators, steam 
lilies and other equipment, w’here the pressure differential hetw^een steam supply and 
condensate return does not drop below 5 psi. Flash type traps are made in sizes 
from J to 3 in. and for pressures varying from vacuum to 450 psig. Fig. 29 illustrates 
a trap of the flash type. 

Impulse Traps. These traps are a modification of the flash trap, and depend on 
the same principle of flash for their operation. In the impulse trap the flashing action 



is utilized to govern the movement of a valve by causing changes in pressure in a 
control chamber above the valve. When condensate, which is at a low temperature, 
builds up in this chamber, the flow' through the center orifice does not change volume 
and the discharge through the orifice reduces the volume in the control chamber and 
the valve opens to discharge air and condensate. 

When steam comes in contact w'ith the trap, the condensate is heated and the flow^ 
in entering the control chamber flashes and increases the volume of the control flow. 
The discharge through the center orifice is thereby choked, pressure in the control 
chamber builds up, closing the valve and stopping all discharge of hot condensate 
except a small amount that flow's through the center orifice. 

The discharge from an impulse trap is pulsating or intermittent, but not as in- 
frequent as W’ith the bucket typo of traps. It is entirely non-adjustablo. Impulse 
traps can be used for draining condensate from steam mains, unit heaters, laundry 
equipment, kitchen equipment, oil and water heaters, sterilizers, and other eejuip- 
ment w'here the pressure at t he trap outlet is 25 per cent or less than that of the inlet 
pressure. Impulse traps are made in sizes from i to 2 in. and for pressures ranging 
from oru* to 6(X) psig. Fig. 30 illustrates a trap of the impulse type. 

Tilling Traps. This typo of trap as the name implies depends for its operation on 
the tilting of the trap receiver. When the receiver is in a horizontal position con- 
densate accumulates until the w'cdght of condensate overbalances that of a counter- 
w’cight, w'hen the receiver tilts. The tilting action opens the discharge valve and 
steam pressure pushes the condensate out of the open discharge valve. When the 
receiver tank is emptied, except for a slight w’ater seal, the receiver drops back to its 
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horizontal position and closes the discharge valve and is again in position to accumu- 
late condensate. 

Tilting traps are necessarily intermittent in operation, except that once the trap 
is in the discharge position, it will discharge condensate continuously as long as the 
flow of condensate is sufEcient to overcome the balance of the counterweight. 

This type of trap employs packing around the trunnion and valve stem in order 
to prevent the loss of steam and condensate. Tilting traps are used for draining 
laundry and dry cleaning eauipment, steam cookers, drips from steam mains, steam 
separators and purifiers and other equipment. They are made in sizes from 1 to 3 
in. and for pressures varying from 0 to 250 psig. Fig. 81 illustrates a type of tilting 
trap which is in use at the present time. 

Lifting Trapt. This type of trap is an adaptation of the upright bucket trap. 
It has the added feature of an auxiliary pressure inlet through wnich steam is intro- 
duced at a pressure higher than that of the trap inlet pressure. This high pressure 
steam forces the condensate to a point above the trap, and against a back pressure 
higher than that which is possible with normal steam pressure. Lifting traps are 
made in sizes from one to 3 in. and for pressures ranging from vacuum to 150 psig. 
Fig. 32 illustrates a trap of the lifting type. 

Boiler Return Trap or Alternating Receiver, This device is not actually a steam 
trap in that it is not used to trap or hold steam, but is an adaptation of the lifting 
trap. It is used for returning condensate to a low pressure boiler when due to excess 
pressure the condensate cannot flow^ to the boiler by gravity, without flooding the re- 
turn mains, and endangering the boiler by permitting it to go dry. The boiler return 
trap is a vessel into which condensate alternately collects and is discharged into the 
boiler by boiler steam pressure. These traps are available in sizes from 1} to 2\ in. 
and for pressures varying from 0 to 100 psig. A typical boiler return trap is shown 
in Fig. 33 and a typical connection to a low pressure heating system is indicated in 
Fig. 13. 

Steam Trap Installations 

The following general rules should govern the installation of traps of all 
types: 

1. A vertical drip as long as possible and a strainer should be installed between the 
trap and the apparatus it drains. Exceptions to this rule are the installation of ther- 
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mostatic traps in radiators, convectors and pipe coils. These, in general, are at- 
tached directly to the units without strainers. 

2. Whenever it is necessary to maintain in continuous service, apparatus which is 
to be drained, it is advisable to install a gate valve on each side of the trap and a 
valved bypass around the trap, so that the trap may be removed and repaired and 
condensate drained through the throttled bypass valve. 

3. Whenever it is necessary to install traps for lift service, as when the condensate 
must be discharged to a main located above the trap or where the trap must discharge 
against a definite back pressure, a check valve and a gate valve should be installed 
on the discharge side of the trap, the check valve to prevent continuous pressure on 
the discharge side of the valve and the gate valve to snut off pressure in case the trap 
is removed for service or repair. 


DRIPS 

A steam main in any type of steam heating system may be dropped to a 
lower level without dripping if the pitch is downward with the direction of 
steam flow. Any steam main in any heating system can be elevated if 
dripped. Fig. 34 shows a connection where the steam main is raised and 
is drained to a wet return. If the elevation of the low point is above a 
dry return, it may be drained through a trap to the dry return in two-pipe 
vapor, vacuum and sub-atmospheric systems. Horizontal steam pipes 
may also be run over obstructions without a change in level if a small pipe 
is carried below the obstruction to care for the condensate (Fig. 35). 
Horizontal return pipes may be carried past doorways and other o^ 
structions by using the scheme illustrated in Fig. 36. It will be noted 
that the large pipe, in this case, runs below the obstruction and the smaller 
one over it. 

Branches from steam mains in one-pipe gravity steam systems should 
use the preferred connection shown in Fig. 37, but where radiator conden- 
sate does not flow back into the main the acceptable method shown in the 
same figure may be used. This acceptable method has the advantage of 
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giving a perfect swing joint when connected to the vertical riser or radia- 
tor connection, whereas the preferred connection does not give this swing 
without distorting the angle of the pipe. Runouts are usually made about 
5 ft long to provide flexibility for movement in the main. 

Offsets in steam and return piping should preferably be made with 
90-deg ells but occasionally fittings of other angles are used, and in such 
cases the length of the diagonal offset will be found as shown in Fig. 38. 

Dirt pockets, desirable on all systems employing thermostatic traps, 
should be so located as to protect the traps ^‘rom scale and muck which 
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Fig. 44. One-Pipe Radiator Connections 

will interfere with their operation. Dirt pockets are usually made 8 in. 
to 12 in. deep and serve as receivers for foreign matter which otherwise 
would be carried into the trap. They are constructed as shown in Fig. 39. 

On vapor systems where the end of the steam main is dripped down 
into the wet return, the air venting at the end of the main is accomplished 
by an air vent passing through a thermostatic trap into the dry return 
line as shown in Fig. 40. On low pressure or vacuum systems, the ends of 
the steam mains are dripped and vented into the return through drip 
traps opening into the return line. A float and thermostatic type trap is 
recommended for dripping steam mains and risers as indicated in Figs. 
41 and 42. 

The dripping of high pressure mains or of equipment using high pressure 
steam into low pressure or vacuum returns is generally accomplished by the 
use of a flash tank or flash leg into which the high pressure trap is arranged 
to discharge. This tank provides the required space for the flashing from 
high temperature condensate to low pressure steam to take place. The 
low pressure steam therein generated is passed directly to the low pressure 
steam mains and the condensate is discharged through a second trap to the 
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low ptessure or vacuum return. A typical arrangement of a flash leg with 
sizes required for varying capacities is given in Fig. 43. 

CONNECTIONS TO HEATING UNITS 

Riser, radiator and convector connections must not only be properly 
pitched at the time they are installed but must be arranged so that the 
pitch will be maintained under the strains of expansion and contraction. 
These connections may be made by swing joints which permit the ex> 
pansion or contraction to occur under heating and cooling without bending 
of pipes. To take care of expansion in long risers, either expansion joints 
of commercial construction or pipe swing joints are used. Anchoring of 
pipes between expansion joints is desirable. 

Two satisfactory methods of making runouts for one-pipe systems for 
either the up-feed or the down-feed t)^ are shown in Fig. 44. Where 
the vertical distance is limited and the runouts must run above the floor, 
the radiator may be set on pedestals or raised by means of high legs. Two 
methods of connecting a unit heater to a one-pipe steam heating system 
are illustrated in Fig. 2 (and also in Fig. 5 of Chapter 26). 



Fig. 49. Ttbical Connections to Finned Fig. BO . Typical Connections to 
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Fig. 53. Typical Unit Heater Connections 
FOR Two-pipe System 

be used for throttling. Angle globe valves and straight globe valves should 
be used for throttling, as done on by-passes around pressure reducing valves 
or on by-passes around traps. 

REFERENCES 

^ A.S.H.V.E. Research Report No. 954 — Condensate and Air Return in Steam 
IleatinR Systems, by F. C. Houghten and J. L. Blackshaw (A.S.H.V.E. Transac- 
tions, Vol. 39, 1933, p. 199). 

^ Pipe size tables in this chapter have been compiled in simplified and condensed 
form for the convenience of the user ; at the same time all of the information contained 
in previous editions of The Guide has been retained. Values of pressure drops, 
formerly expressed in ounces, are now expressed in fractions of a pound. 

* A.S.H.V.E, Standard Code for Testing and Rating Return Line Low Vacuum 
Heating Pumps (A.S.H.V.E. Transactions, Vol. 40, 1934, p. 33). 




CHAPTER 24 

HOT WATER HEATING ^SYSTEMS AND PIPING 

Available Head; Friction Loss; Classification; System Design; Examples of Piping 
Design; One-Pipe Gravity, One-Pipe Forced Circulation, Two-Pipe Gravity, and 
Two-Pipe Forced Circulation Systems, Expansion Tanks, 

Installation Details, Zoning of Systems 


A HP]ATING system is called a hot water system if water is used to 
convey heat by flowing through pipes connecting a boiler or water 
heater with radiators, convectors or other suitable heat dispensing means. 
There are two types: the gravity system in which the water flows by 
virtue of thermo-syphon action, and the forced system in which a pump, 
usually driven by an electric motor, sometimes by a steam turbine or other 
means, maintains the necessary flow. Most panel heating systems (see 
Chaper 31) fall into the category of forced hot water systems, and the 
design procedures pertaining to pipe sizing and friction contained in this 
chapter are largely applicable to such systems. 

Historically, the gravity system is much the older, and many such sys- 
tems have been in satisfactory operation for several decades. Operation 
depends on the difference in density of the water due to difference in tem- 
perature in the flow and return pipes. The available head is therefore 
limited and the pipes must be ample in size to permit adequate flow of 
water. In the forced system, the pipes, valves and fittings can be much 
smaller, with a resultant saving in the cost of installation, since the available 
head is limited only by consideration of economy in pumping the water. 
With the forced system, higher boiler temperatures and automatic control 
of the pump or circulator make possible the use of indirect water heaters 
with hot water systems when that is desirable. (See Chapter 50). 

AVAILABLE CIRCULATION HEAD 

The available head in a gravity circulation system may be found from 
the equation: 

X 2-31 X 12,000 (1) 

144 

where 

■= available head per foot of height, milinches (1 milinch « 1/1000 of 1 in. 
of water). 

Pi « average density of flow water, pounds per cubic foot. 

P 2 » average density of return, pounds per cubic foot. 

144 » square inches per square foot. 

2.31 » height of water column equivalent to 1 psi, feet. 

12,000 ** milinches equivalent of 1 ft of water column. 

The available head may also be found from Fig. 1. For example, at a 
flow temperature of 200 F and a 35 deg drop, and with the mains loc*ated 
4 ft above the top of the boiler, a head of 000 milinches is obtained. This 
is found by following the 200 F flow riser line in Fig. 1 to its intersection 
with the 105 F return riser line and then reading, horizontally, a head of 150 
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milinches per foot or 600 milinches for 4 ft. If the first floor radiators 
are located 3 ft above the mains, second floor radiators 12 ft above the 
mains, third floor 21 ft, and fourth floor 30 ft, the heads are 450, 1800, 
3150, and 4500 milinches respectively. 

In forced circulation systems flow is produced mechanically by means 
of a pump driven by electricity, steam, or other source of energy. As 



Fio. 1. Hbads Risui/nira ntoii Tbupbratubb DirPBBBNca (Gbavitt Ststbub) 

forced circulation velocities are higher than those in gravity systems, and 
as the friction in a heating system varies almost as the square of the velocity, 
a given error in the calculation or assumption of the velocity is less im- 
portant in a forced circulation system than in a gravity circtilation system, 
and, consequently, it is easier to design a satisfactory forced circulation 
^tm than a satii^actory gravity circ^tion system. 

FRICTION LOSS 

Values of friction loss due to flow of water in the various parts of a heat- 
ing qnstem must be ^own in order to design either gravity or forc^ circu- 
lation aystems. The friction loss of fittings is customarily expressed in equiv- 
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Tabij! 1. laoN AND Copper Elbow Equivalcnts* 


Fxttimc 

Iron 

Pipe 

Copper 

Tubing 

Fitting 

Iron 

Pipe 

Copper 

Tubing 

Elbow, 90-deg 

1.0 

WBm 

Angle radiator valve. 

2.0 

3.0 

Elbow, 45-deg 

0.7 


Radiator or convector — 

3.0 

4.0 

Elbow, 90-deg long turn.... 

0.5 

Ba 

Boiler or heater. 

3.0 

4.0 

Elbow, welded, 90-deg — 

0.5 

Ka 




Reduced coupling. 

0.4 

0.4 

Tee, per cent flowing 



Open return band 

1.0 

1.0 

through branch: 



Open gate valve . 

0.5 



1.8 

1.2 

Open globe valve 

12.0 

17.0 


4.0 




16.0 

20.0 


* The friction in one 90 den standard elhnw is approximately ennal to the frirtion of a length of straight 
pipe of the same nominal sise and 25 diam long, lienee one elbow equivalent in feet of pipe equals 25 diaiii 
(in inches) divided by 12. 
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FLOW IN POUNDS OF WATER PER HOUR ~ ** 

Fiq. 2. Friction in Black Iron Pipes Based on Flow in Pounds per Hour 


alent number of elbows of the same pipe size which would have the same 
friction loss. An elbow is assumed to have the same friction loss as a 
straight pipe having a length equal to 25 diameters (nominsJ) of the elbow. 

The resistance of various t}rpes of fittings expressed in equivalent elbow 
resistance is shown in Table 1. 
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Table 2. Heat-carrying Capacity op Standard Black Pipes 
WITH Temperature Drop of 20 Deg^ 

Nominal Pipe Sizes ^ in. to IS in., and Friction 4 to 800 milinches per foot {A » Capacity, 
Mhh. B « Velocity, inches per second) {One milinch equals 0.001 in.) 



*For other temperature dropi the pipe capacities may be changed correspondingly. For example, with' 
• temperature drop of 30 deg the capacities shown in this table are to be multiplied by 1.6. 
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The friction loss in black iron pipes for a determined weight of water may 
be obtained from Fig. 2. For the frecjuently used temperature drop of 
20 deg the friction loss may b(^ determined directly from the heat require- 
ment by means of Table* 2 or Fig. 3 for black iron pipes, or by means of 
Table 3 for copper tubing. 

Orifices drilled in plates inserted in pipe unions are convenient means 
for introducing friction, where required to balance various circuits. The 
friction losses caused by various sizes of orifices are given in Table 4. 

CLASSIFICATION OF SYSTEMS 

Gravity or forced systems of piping may be classified according to piping 
arrangement and type of circulation as shown in Table 5. Flow and 
return main piping (gravity systems) for one-pipe, t\vo-pipe direct return, 
and two-pipe revers^ return systems are shown in Figs. 4, 5, and 6 re- 


CHAPTER 24 


1049 Guide 



Fig. 4. One-Pipe System Fig 5. A Two-Pipe Fig. 6. A Two-Pipe 

Direct Return Reversed Return 

System System 


spectively. These figures would also illustrate forced circulation if a pump 
or circulator were sfiou n in the return line at the boiler. 

One-pipe gravity systems require very precise design owing to the small 
circulating head available. Also, circulation in them is slow, and tem- 
perature drop is large toward the end of the main, and consequently these 
systems are usually considered impractical. 

One-pipe forced systems compared with gravity systems provide more 
rapid circulation with consequent smaller temperature drop in mains 
and more uniform water temperature in all radiators and are therefore 
preferred. Special flow and return fittings are available for improving the 
circulation to risers. 

Two-pipe systems haVe separate flow and return mains. If the return 
main is direct as shown in I'ig. 5 the radiator at. the end of the system has 

Table 3. Heat-carrying Capacity of Type L Copper Tubing 
WITH Temperature Drop of 20 Deg* 

Nominal Tube Sizes f in. to 4 in,, and Friction 60 to 720 milinches yer foot, {A = 
Capacity, Mbh, B »> Velocity, inches per second) (One milinch equals 0,001 in,) 



* For otbw temperature drops the pipe capacities may be chanaed correspondingly. For example, with 
temperature drop of 30 deg the capacities shown in this table are to be multiplied by 1 .3. 
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Table 4. Friction (in Milinchbs) of Central Circular 
Diaphragm Orifices in Unions 

{One milinck equals 0,001 in,) 


Dumstbb 


VbiOcitt Of WAni xn Pm « Incbib ?be SicoifD 


Oamcas 

(InoBas) 

2 

3 ' 

1 

1 4 

6 

8 

10 

i 

i “ 

24 1 

36 

%-in. Pipe 

0.25 

1300 

2900 

5000 

11,300 

20,800 

32,000 

45,000 




0.30 

650 

1450 

2500 

5700 

10,400 

16,000 

23,000 

57,000 



0.35 

330 

740 

1300 

2900 

5200 

8000 

12.000 

26,000 



0.40 

170 

380 

660 

1500 

2600 

4000 

6800 

13,000 

aTnVM 

LtNiVil 

0.45 


185 

330 

740 

1300 

2000 

2900 

6500 


L jKrrl 

0.50 



155 

3S0 

620 

970 

1400 

3200 


yjinjj 

0.55 



75 

170 

300 

480 

700 

1600 

2800 



l-in. Pipe 


0.35 

900 

2000 

3500 

7800 

14,000 

22,000 

32,000 




0.40 

460 

1000 

1800 

4000 

7200 

12,000 

17,000 

37,000 

65,000 


0.45 

270 

570 

1000 

2300 

4100 

6400 

9300 

21,000 

37,000 


0.50 

160 

330 

580 

1400 

2300 


5400 

12,000 

22,000 

50,000 

0.55 


190 

330 

750 

1300 


3000 

7000 

13,000 

28.000 

0.60 



200 

440 

800 


1800 

4200 

7400 

17,000 

0.65 



120 

260 

460 

HtJ 

1100 

2400 

4300 

10,000 


V/dtin, Pipe 


0.45 

1000 

2250 

4000 

8900 

16,000 

25,000 

36,000 




0.50 

660 

1450 

2600 

5800 

10,400 

16,400 

23,000 

53,000 



0.55 

430 

950 

1700 

3800 

6800 

10,500 

15,000 

34,000 



0.60 

280 

630 

1100 

2500 

4400 

6900 

10,000 

22,000 



0.65 

190 

420 

750 

1700 

3000 

■SSI 

6700 

15,000 

BrjCTin 

60,000 

0.70 


285 

510 

1150 

2000 


4500 



40,000 

0.75 


190 

330 

750 

1300 

Bi 

3000 

6700 

iSQ 



Pipe 


0.55 

850 

1900 

3300 

7400 

13.000 

21,000 

30,000 



0.60 

600 

1300 

2300 

5400 

8600 

16,800 

21,000 

50,000 


0.65 

400 

850 

1500 

3600 

7200 

10,400 

14,000 

30,000 

53,000 

0.70 

260 

600 

1100 

2600 

4400 

7000 

10,000 

21,000 

39,000 

0.75 

180 

400 

760 

1800 

3000 

5000 

7000 


28,000 

0.80 


300 

540 

1200 

2200 

3200 

5000 


19,000 

0.85 


200 

380 

860 

1600 

2300 

3000 




S^in. Pipe 


0.70 

890 

1850 

3500 


14,000 

22,300 

33,000 




0.80 

470 

975 

1800 

3900 

7400 

11,700 

17,000 

37,000 



0.90 

255 

560 

1000 


4200 

6500 

9500 

20,500 

38,000 


1.00 

160 

340 

610 


2520 

4000 

5800 

12,500 

23,000 


1.10 


214 

375 


1600 

2500 

3700 

7900 

14,000 


1.20 



195 

460 

950 

1360 

1910 

4200 

8100 


1.30 




275 

525 

980 

1375 

3100 

4400 

8850 


Note , — ^Tbe lowei of head for the orificei In the lH>in. and 2-in. pipe were calculated from thoee in the 
■mailer pipei. the calculations beina based on the assumption that, for any given velocity, the loss of head 
is a function of the ratio of the diameter of the pipe to that of the orifice. This had been found to be 
practically true in the tests to determine the losses of head in orifices in H*in.. 1-in., and IM-in* pipe* con- 
ducted by the Texas Engineering Experiment Station, and also in the tests to determine the losses of bead 
in orifices in 4-in., 6-in., and 12-in. pipe, conducted by the Engineering Experiment Station of the Univeisity 
Of Illinois, (BtUletiu 109, Talkie 6. p. 88, Davis and Jordan). 
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the longest supply and longest return piping. The lengths of circuits to 
the various radiators may be equalized by using a reversed return main, 
(see Fig. 6). In some cases reversed return mains require no more piping 
than direct return systems. 

With gravity circulation and direct return piping it is necessaiy to design 
the longest circuit for the available circulating head and to obtain the same 
resistance in all other circuits by proper selection of pipe sizes, by addition 
of fittings, or by use of orifices. When a reversed return system is used, 
it is usually found that but little adjustment is required to attain uniform 
distribution to all radiators. 

Forced circulation in two-pipe systems, because of increased available 
circulating head, permits design for higher velocities with a consequent 
reduction in pipe sizes. The increased velocity also shortens the heating-up 
period and facilitates control of circulation. Reversed return mains are 
also advantageous in forced circulation systems in equalizing piping re- 
sistance to all heating units. 


Table 5. Classification op Hot Water Heating Systems 


Piping Arrangement 

Type op Circulation 

Expansion Tank 

One-Pipe 

Gravity 

Forced 

Open 

Open 

Closed 

Closed 

Two-Pipe 

Gravity 

Open 

Closed 

Direct Return 

Forced 

Open 

Closed 

Two-Pipe 

Gravity 

Open 

Closed 

Reversed Return 

Forced 

Open 

Closed 


PIPING SYSTEM DESIGN 

In designing hot water heating systems certain assumptions are usually 
made for the purpose of simplification as follows : 

1. Water temperature drop is assumed to be 30 to 35 deg for gravity systems and 
20 deg for forced circulation systems. These values usually result in economical 
design but, particularly in large forced circulation systems, it is necessary to take 
into account the cost of pumping the water required at various velocities in relation 
to the annual charges in the capital cost of the system. 

2. Water velocities in forced systems in excess of 4 fps are likely to cause disturb- 
ing noises in buildings other than factories. 

3. Design outlet water temperatures in gravity systems are generally selected be- 
tween 140 and 200 F (with the average approximately 180 F) ; while forced circulation 
design temperatures vary from 170 to 220 F, although higher temperatures can be 
used if the pressure in the system corresponds. 

4. For forced circulation systems, the allowable friction loss, which is based upon 
the available circulating head, is determined partially by the characteristics of the 
pumps available. 

5. Forced hot water system friction should usually be held between 600 and 250 
milinches per foot. Above 600 mil inches high velocities would be encountered and 
below 250 milinches circulation would become too slow so that much of the rapid re- 
sponse expected from forced circulation would be lost. 
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The water to be circulated is 

W^H/(CJ!it) (2) 


where ^ 

W weight of water, pounds per hour [gallons per minute = W/{SX 60)]. 

H *= heat required, Btu per hour. 

C s= specific heat of water (=1). 

* drop in temperature between supply and return, Fahrenheit degrees. 

The following graded series of examples of the design of hot water piping 
systems will illustrate the fundamental principles and methods. The 
differences between reversed return and direct return systems are shown, 
and the methods of balancing the several radiators or circuits are illustrated. 
A simple gravity system is shown in Fig. 7 and an elementary forced circu- 
lation system is diagrammed in Fig. 8. 



Fig. 7. Gravity 
System 




Fig. 8. Forced Cir- Fig. 9. Determina- 

cuLATioN System tion of Required 

Temperature 

Difference 


Elementary Gravity System 

Example 1. A simple gravity -circulation system is illustrated in Fig. 7 with one 
radiator that is giving off heat at the rate of 20,000 Btu per hr or 20 Mbh. The boiler 
imparts heat to the water at the same rate, and the water circulates at a uniform 
velocity. This uniform velocity is such that the friction of the circuit is equal to the 
head developed by the difference in density between the supply and return water and 
the height of the s\'stem. The circuit consists of 1 boiler, 1 radiator, 2 ells, 1 radiator 
valve and a total of 24 ft of pipe. 

Solution. With the average water temperatures of 200 and ISO F in the supply and 
return risers, respectively, the head will be 90 milinches per foot of water column. 
This head may be found from Fig. 1. Since the center of the radiator is 10 ft above 
the center of the boiler, the total head of the circuit is 10 x 90, or 900 milinches, or 
0.9 in. of 190 F water. The friction of the circuit must then also be 900 milinches. 
The friction of 1 ft of 1 in. pipe is found from Fig. 3 to be about 46 milinches at ^ 
Mbh, and the corresponding velocity 9 in. per second. (Xotc that all values in Fig. 
3 are based on a temperature difference of 20 deg.) 

Similarly, if a U in. pipe were to be used, the friction head would be about 12 mil- 
inches per foot and the corresponding velocity about 5 in. per second, from Fig. 3. 

To find the friction in the elbows, boiler, radiator, and valve. Table 1 is used, and 
the entire circuit is found to be equal to 10 elbow-equivalents plus 24 ft of pipe. 
Each elbow-eciuivalent is equal to a pipe length of 25 times the nominal diameter. 
Then the equivalent lengths of straight pipe are 45 ft of 1 in. pipe or 50 ft of IJ in. 
pipe. In many cases, it is sufficiently accurate to add 50 per cent to the total pipe 
length to correct for resistance of fittings. 
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Hence, if 1 in. pipe is used, the friction of the circuit will be 45 X 46, or 2070 mil- 
inches, and if U in. pipe is used, the friction will be 50 X 12, or 600 milinches. A 1 in. 
pipe would, therefore, be too small and a 1} in. pipe too large to permit the desired 
circulation with a flow-return temperature difference of 20 aeg. 

If the circuit is of 1 in. pipe, the circulation will take place with a temperature 
difference greater than 20 deg, and if the circuit is of 1} in. pipe, the circulation will 
take place with a temperature difference smaller than 20 deg. To find, for example, 
the temperature difference at which a circuit of 1 in. pipe would transmit the re- 
quired 20 Mbh, assume the difference to be 40 deg. 

From Fig. 1, the head available for producing circulation would be 175 milinches 
per foot or 1750 for the system for a temperature drop from 200 to 160 F. The friction 
of the system may be found from Fig. 3; the chart of this figure is based on a temper- 
ature difference of 20 deg; if the temperature difference were 40 deg, the heat con- 
veyed would be twice that shown in the chart. Hence, find 10 Mbh on the lower 
scale, proceed vertically upward to the intersection with the 1 in. line, and from there 
to the left scale read 13 milinches per foot. Note that the velocity would then he 
only about 5 in. per second. The total friction would then be 45 X 13 or 585 milinches. 
Since the head would be 1750, circulation would take place with a temperature differ- 
ence less than 40 deg. The required temperature difference may be determined by 
constructing the diagram of Fig. 9, from which it appears that the temperature differ- 
ence with which the 1 in. pipe circuit would function is about 30 deg. Hence, if the 



Fio. 10. Onb-Pipb Gravity CiBCULATioN Fio. 11. Onb-Pipb Forced Circulation 
Ststbii (Example 3) System (Example 4) 


flow riser temperature is 200, the return riser temperature will be 170, and the average 
water temperature in the radiator about 185 F. 

Elementary Forced Circulation System 

Example f . Design a system for th^iping arrangement shown in Fig. 8, accord- 
ing to one of the outlined procedures. The procedure may be as follows : Assume the 
head developed by the circulating pump and the pipe size and find the flow-return 
temperature difference; or, assume the head developed by the pump and the flow- 
return temperature difference and find the pipe size; or, assume tne pipe size and the 
flow-return temperature difference and find the head which the circulating pump 
must develop. 

Solution. Assume that the circulating pump will develop a head of 2 ft or 24,000 
milinches and that a 1 in. pipe is to be used. The equivalent length of the circuit will 
then be 45 ft, as in Fig. 7, and the available head will be 24,000/45, or 533 milinches 
per foot. In Fig. 3, find 533 on the left scale, move horizontally to the intersection 
with the 1 in. pipe line, and read about 77 Mbh delivered by the pipe (with a velocity 
of about 35 in. per second) for a temperature difference of 20 deg. Since the circuit 
is to deliver onV 20 Mbh, the temperature difference will be ^ divided by 77 and 
multiplied by 20, or 5.2 deg. Hence, if the flow riser temperature is 200, the return 
riser temperature will be about 195, and the average water temperature in the radia- 
tor about 197.5 F. 

If a } in. pipe were used instead of a 1 in., the equivalent length of circuit would be 
35 ft instead of 45; the unit head, 686 milinches instead of 633; the velocity, 27 in. per 
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second instead of 35; the temperature difference, 19.5 instead of 5.2; and the average 
water temperature in the radiator, about 190.5 instead of 197.5 F. 

If the 1 in. pipe is used for the circuit, the gravity head will be 22 milinches per 
foot, or 220 for the circuit (Fig. 1, 200 to 195). Since this is only 1 per cent of the 
pump head (24,000 milinches), it may ba neglected in the calculation, as was done 
previously. However, there are cases in which the gravity head is so large compared 
with the pump head that it should be included in the calculation. 

The methods just described for the design of the two elementary systems 
are fundamental and apply to the design of all hot water heating systems. 
In every system, however large and complicated, the pipe system must be 
such that the head forcing the water from the boiler to any one radiator is 
equal to the friction in that radiator’s circuit when the radiator is receiving 
its proper quantity of hot water and the system is fimctioning at a 
steady rate. 

Other examples illustrating design of various systems follow. 

One-Pipe Gravity Circulation System 

Example S. Select pipe sizes for the one-pipe gravity system having a total load 
of 67,500 Btu, shown in Fig. 10. Assume : flow temperature 190 F, return temperature 
160 F, mains 5 ft above datum plane of boiler, center plane of radiators 4 ft above the 
mains, length of main 100 ft. 

Solution: From Fig. 1 the available circulating head for 190 F flow and 160 F 
return temperature is 126 milinches per foot of height. The available circulating 
head for design of the main is therefore 5 X 126 » 630 milinches. The measured length 
of main plus 50 per cent added for resistance of fittings equals 150 ft equivalent 
length. 

The main can then be designed for a friction loss of 630 150 4 milinches per 

foot. From Table 2 at 4 milinch friction loss, a 2 in. pipe will supply 33 Mbh and a 
2i in. pipe will supply 53.1 Mbh at 20 deg drop. This is equivalent at 30 deg drop to 
49.5 Mbh for 2 in. and 79.6 Mbh for 2\ in. pipe. A 2\ in. main will therefore be selected 
and the pressure drop will be somewhat less than 4 milinches per foot. 

The piping from main to radiators is sized in a similar manner. Assume that 
water reaches point B, Fig. 10, at 190 F and has a 30 deg drop in the radiator circuit. 
From Fig. 1 the available head is 126 milinches per foot of neight or a total of 4 X 
126 « 504 milinches for the circuit (with the radiator 4 ft above the main). 

The measured length of piping is 11 ft and the fittings add 14 elbow equivalents 
(which would be equivalent to 22 ft if the pipe size is assumed to be f in.) ; the equiva> 
lent length is therefore 33 ft. The circuit can therefore be designed for a friction 
loss of 504 - 5 - 33 * 15 milinches per foot. 

From Table 2 by interpolation a J in. pipe would supply 5.85 Mbh at 20 deg drop 
or 8.78 Mbh at 30 deg drop. Since the load is 9 Mbh the } in. size will be satisfactory. 

The remaining radiator circuits may be sized in a similar manner. Allowance 
should be made in one-pipe gravity systems for the drop in temperature which occurs 
in the supply main as the cooler water returns from the radiators. The drop will be 
in the same proportion to the total drop of 30 deg which the load supplied to any point 
in the main bears to the total system load; e,g, the temperature at D will be 190 ~ 

X 30j “= 186 F. At point F the temperature will be 190 — X 

3o) - 181 F. 

One*Pipe Forced Circulation System 

Example 4. Select pipe sizes for the one-pipe forced circulation system having a 
load of 67,5()0 Btu shown in Fig. 11. Assume a water temperature drop of 20 deg. 
The water temperature does not affect the size of piping but does affect the radiator 
sizes required. 

Solution: The water to be circulated at 20 deg drop will be 67,500 20 3375 

u 3375 - 

lb per hour or " 7 gpm. 

By reference to manufacturers* pump capacity charts (typical example, Fig. 12), 
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it will be found that a 1 in. pump will deliver 7 gpm against a head of 4J ft (54,000 
milinchcs) . 

Since the main from A to O has an equivalent length of 150 ft (100 ft actual length 
plus 50 per cent added for friction loss in fittings) , the main may be sized for 54,000/150 
= 360 milinches per foot. 

From Table 2 by interpolation at 360 milinches friction loss and at 20 deg drop a 
1 in. pipe would supply 62,600 Btu per hour and a 1} in. pipe would supply 131,600. 
Since the 1 in. pipe is too small, a H in. pipe will be used. 

Since the IJ in. pipe offers less than 360 milinches resistance per foot, the velocity 
of water will increase until the output of the pump and the friction loss are in equi- 
librium at some point on the pump performance curve, for instance, at 10 gpm and a 
head of 4 ft or 48,0(K) -r- 150 = 320 milinches per foot of pipe. The friction loss in the 
main between flow and return connections to radiators will be assumed to be 320 mil- 
inches per foot. 

In determining sizes for the piping from the main to anv radiator, the resistance 
in the radiator circuit such as B-O (which has a load of 9 Mbh) is made equal to the 



FiCf. 12. Perform AN'CE Chart for Circulating Pump 


resistance in the main from B to C which, if there are 3 ft of main between connec- 
tions, is 3 X 320 = 060 milinches. If the total equivalent length of the radiator circuit 
determined by use of Table 1 is 32 ft, the radiator circuit B-C will be sized for a fric- 
tion loss o 960 32 = 30 milinches per foot, for which in Table 2 a J in. pipe is found 

to supply 8550 Btu per hr and will be considered ample. 

Other radiator circuits such as D-E, F-G, etc., can be sized in a similar manner. 

Two-Pipe Gravity System (with Reversed Return) 

Example 5. Select pipe sizes for the two-pipe gravity system shown in Fig. 13. 
The center plane of the highest radiator is 8 ft above the center plane of the boiler. 
Assume a 180 F flow temperature and a 150 F return temperature. 

Solution. The piping should be sized so that the frictional resistance at the de- 
sired rate of flow is equal to the available circulating head. 

From Fig. 1 at 180 F flow and 150 F return temperature the available head is 118 
milinches per foot of height or 8 X 118 = 944 milinches total for the highest radiator. 
The longest circuit from boiler to radiator and back to boiler must therefore have a 
resistance of 944 milinches. The longest circuit (see Fig. 13) is A-D 4- D-H + H-N 
containing 38 ft of pipe and, if 50 per cent is added for equivalent length of fittings, 
the equivalent length is 57 ft. 
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The circuit should then be designed for a friction loss of 944 -5- 57 =* 16 milinches 
per foot (approximately) . 

The pipe size may be found from Table 2 at 16 milinches per foot as follows : 


SicnoN 

Load Mbh 

Size of Pipe for 16* 
Milinches per Foot 

Section 

Load Mbh 

Size of Pipe for 16 
Milinches per Foot 

A-B 

58 

2 

G-H 

11 

1 

B-C 

31 


H-K 

10 


C-D 

20 

1 w 

K-L 

25 

11? 

D-E 

16 

11? 

UM 

31 


E-F 

6 

* 

M-N 

58 



Pipe sizes to the radiators may be sized for the same resistance per foot. From 
Table 2 at 16 milinch per foot the sizes will be selected as follows : 


Raciiator Sl «2 «3 «4 «5 

Load, Mbh 11 8 6 6 24 

Pipe size, In . 11 i U 

A hot water heating system will adjust its rate of flow until the friction loss bal- 
ances the available head. It is therefore self -correcting in regard to small errors 
made in selection of pipe sizes. 

Two-Pipe Forced Circulation System 

Example 6. Select pipe sizes for the two-pipe forced circulation reversed return 
system having a total load of 159 Mbh shown in Fig. 14. Assume a difference of 20 
deg in supply and return water temperature. The total equivalent length of the 
longest circuit is 180 ft. The gravity circulating head due to difference in temper- 
ature may be disregarded in design. 

Solution, The water to be circulated is 159,000 20 = 7950 lb per hr or ^ 

60 X o 

= 16.5 gpm. From a pump performance chart such as Fig. 12 it is found that 16.5 gpm 
will be delivered by a 1 in. pump against a 3 ft head (36,0(K) milinches) or a 1} in. pump 
against a 4.5 head (54,000 milinches). 

The longest circuit including the supply and return main and the longest radiator 
circuit is 120 ft and, if 50 per cent is added for friction loss in fittings, the equivalent 
length is 180 ft. If the 1 in. pump is used, the pming will be sized for 36,(X)()/180 = 200 
milinches per foot, resulting in selection from Table 2 of a 2 in. main for the Section 
A-B which supplies 159 Mbh. The largo difference in pump and main size, as well as 
the low velocity resulting from the 200 milinch per foot friction loss, indicates that the 
li in. pump should be considered. The design friction loss, if the li in. pump is used, 
can be 54,(100/180 = 300 milinches per foot and at this friction loss Table 2 will indicate 
the pipe sizes for the various sections in Fig. 14 as follows: 


Supply 

Return 

Section 

Mbh 

Pipe Size, In. 

Section 

Mbh 

Pipe Size, In. 

A-B 



J-K 

16 

H 

B-C 



K-L 

28 

H 

C-D 



L-M 

42 

1 

D-E 

63 


M-N 

54 

1 

E-F 

40 


N-O 

75 

1 w 

F-G 

37 

1 

O-P 

01 

iM 

G-H 

16 


P-Q 

150 

iS 


The radiator circuits may also be sized for the same friction loss, 300 milinches per 
foot, using Table 2 as follows: 


Radiator «1 #2 »3 «5and «6 «7 

Load, Mbh IG 12 14 21 16 

Pipe size, In. . . 1 i i I'* } 

^ Whore circuit divides, use 2 in. branch to #5 and i in to #6 radiator. 

EXPANSION TANKS 

Water heated from 40 F to 200 F expands about 0.04 of the original 
volume. The expansion tank permits the change in volume of the water 
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Fio.13. Two-Pipb Rbvbbsbd Retubn Fig. 14. FobcedCibcxtijAtion Two-Pipe 
Gbatitt Stbtbm (Example 5} Rbvbbsed Rbtcbm System 


in the heatmg system to take place without producing undesirable stresses 
due to pressure in any part of the system. Expansion tanks may be open, 
as illustrated in Fig. 16, or closed as shown in Fig. 16. An open expansion 
tank has free vent to the atmosphere and consequently the pressure on 
the surface of the water is always that of one atmosphere. The minimum 
contents of an open tank should be 0.06 of the volume of the water m the 
system including that in the boiler, heat transmitters, pipes, etc. This 
capacity is 50 per cent in excess of the actual increase in volume of water 
due to increase in temperature from 40 F to 200 F. The tank should be 
located at least 3 ft above the highest radiator. Provision must be made 
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to prevent freezing of the water in the tank as well as in the pipe leading 
to the tank. 

When the vent from an open expansion tank is extended through the 
roof, it should be not less than 4 in. in diameter from a point below the 
roof, through and beyond the roof line. This wiH prevent vapor, which 
sometimes rises from an expansion tank, from closing the vent during 
outside freezing temperatures. 

In a gravity circulation system, the pipe to the open expansion tank 
should be connected to the supply riser from the boiler, so that the air 
liberated from the water in the boiler will enter the expansion tank. 

In a forced circulation system, the pipe to an open expansion tank should 
be connected on the suction side of the circulating pump. 

A closed expansion tank is sealed against free venting to the atmosphere. 
The tank may be above the highest radiator or heat transmitter, or may 
be below the lowest one. The minimum contents of a closed expansion 
tank must be such that the expansion of the water due to increase in 
temperature will be cushioned against a reservoir of compressed air above 
the water level in the expansion tank. The tank must provide space not 
only for the change in water volume, but also for variations in air volume 
within the tank due to changes in air pressure. If the closed expansion tank 
is below the heat transmitters, the tank should be larger than if it is above 
them, and the higher the building, under such circumstances, the larger 
should be the air capacity in excess of that required for increase in water 
volume due to temperature rise. 

The size of an expansion tank for installation in a closed system may be 
determined by the following formula: 



Pi + 0.434// P, 


where 

V » required tank capacity, gallons. 

E s expansion of water from cold system to flow riser temperature, gallons. 

Pi a atmospheric pressure, psia. 

Pi s maximum tank pressure specifled for heated system, psia. 

H « height of top of filled system above tank, feet. (Noto : Top of system open 
to atmosphere when system is filled.) 

Example 7. Select a closed expansion tank for basement installation on a system 
containing 5000 gal and operating at 200 F flow temperature. The static head due to 
the height of the system is 70 ft. The maximum pressure should not exceed 100 psig. 
Solution. Assume that the system is filled at 40 F. Then 

E « 0.04 X 5000 = 200 gal 
Pi 14.7 psia 

Pi - 100 4* 14.7 - 114.7 psia. 

Substituting these values in Equation 3: 

200 200 

14.7 iiZ " 0.327 - 0.128 

14.7 + 0.434(70) 114.7 


V 


1000 gal. 
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The size of a basement-located closed expansion tank should be at least 
equal to the following: 

One story buildings: z =* 0.10 V Three story buildings: z « 0.17 V 

Two story buildings: z « 0.13 V Four story buildings: z = 0.23 V 

where 

z B expansion tank size in gallons. 

V B water volume in heating system in gallons. 

This condition favors, especially in tall buildings, the placing of the 
closed expansion tank above the highest heat transmitter. 

It is common practice to use multiple tank installations on large systems 
in lieu of one tank the required capacity of which is beyond commercially 
available sizes. 

Any closed expansion tank located above the heat transmitters of a hot 
water heating system should be connected by a direct pipe with the flow 
main leaving the boiler, in order to enable the air to pass easily to the ex- 


Table 6. Volume op Water in Standard Pipe 


Pipe Size. 

In. 

Lineal Ft op Pipe 
Containing 1 Gal 

Pipe Size. 

In. 

Lineal Ft op Pipe 
Containing 1 Gal 

a 

63.1 

2 

6.75 

H 

36.1 

2H 

4.02 

1 

22.2 

3 

2.60 

IK 

12.8 

4 

1.52 

IH 

6.47 

5 

O.OG 



6 

0.67 


pansion tank. In a closed hot water heating system the water under pres- 
sure tends to absorb air at a rate increasing with pressure increase and 
decreasing with temperature increase. 

Means must be provided to adjust and to observe the proportion of air 
within any closed expansion tank. This involves the provision of an air 
inlet valve, a water gage, and a relief valve. A source of supply of com- 
pressed air for renewing the air cushion is highly desirable, especially in 
large, high pressure, hot water heating systems where it is inconvenient, 
if not impracticable, to drain down the water in the system so as to permit 
introduction of atmospheric pressure air. 

For every hot water heating system the designer should calculate the 
volume of water contained in the radiators, piping system, boiler, etc., in 
order to select the proper size of expansion tank. The water content of 
the piping can be obtained from Table 6. For a rough selection of size, 
however, it is sometimes assumed that 50 per cent of the volume of water 
is contained in the radiators, and that the water content per square foot of 
radiator heating surface is 0.2 gal for column radiators and 0.13 gal for 
tube type radiators. 

Another rough method for determining the size of an expansion tank to 
be located above the highest radiator is to divide the square feet of radiation 
by the factor 40 to obtain the required capacity in gallons of the tank. 
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INSTALLATION DETAILS 

Items that should be considered in the design of this type of system are : 

All piping must be so pitched that all air in the system can be vented either through 
an open expansion tank, radiators or automatic relief valves. When piping must be 
run around an obstacle such as a beam, it is advisable to drop the piping below the 
beam. If looped over the beam, it becomes necessary to provide for venting of air 
from the high point of the pipe. 

When changing the size of horizontal runs of pipe, eccentric fittings should be used 
to keep the tops of the pipes in line to permit free passage of air along the pipe. 

All piping must be arranged so that the entire system can be drained. Sections of 
piping individually valved shall have corresponding drain valves. 

In large buildings, the piping may be zoned according to exposure of building, 
usage of building, or method of control. 

All piping must be installed so that it is free to expand and contract with changes 
of temperature without producing undue stresses in the pipes or connections. For 
this purpose it is generally sufficient to allow for a variation in length of 1 in. for 100 
ft of pipe. 

The pipe system should be designed so that each circuit has its correct friction for 
balanced water distribution. This may be done by change of pipe size or change in 
piping detail. 

The connections from the boiler to the mains should be short and direct, to reduce 
the friction and should allow for expansion. 

The mains and branches should pitch up and away from the heater, generally not 
less than 1 in. in 10 ft. 

The connections from mains to branches and to risers should be such that circula- 
tion through the risers will start in the right direction. Hence, in a one-pipe system 
the flow connection must be nearer the heater than the return connection. In a 
correctly-designed two-pipe system, the pressure in the flow main is higher than that 
in the return main, and a slight variation in the distances of the flow and return con- 
nections from the heater is not material; but it is generally best to have the two 
connections about equally distant from the heater. 

Generally, connections to risers or radiators are taken out of the top of mains 
either 45 or W) deg. 

Supply connections arc usually made at the bottom of radiators so that circulation 
will not be stopped by accumulation of air, as would be the case w’ith a top supply 
connection. Short r.adiators are sometimes connected for top suppl}^ and bottom re- 
turn on the same end. When so connected, attention must be given to venting of air 
from the top of the radiator somewhat oftener than when bottom connections are 
used. 

Unless used as heating surface, all piping, both flow and return, should be 
insulated. 

All large systems should be provided with extra stop and drain valves, suitably 
located so that parts of the system may be isolated for repairs without making it 
necessary to drain the water from the entire system. 

ZONING 

In large hot, water systems improved control and economy can be 
achieved by separating the systems into sections or zones (vertical or hori- 
zontal) which can be operated independently of each other. Variations 
in heat reciuircmcnt of the dilTerent zones as influenced by the exposure of 
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Fio. 17. Vertical Zoning of Hot Water Hbattno System in a 12-Stort Building 

the building, solar heat, weather conditions, heat from processes, type of 
occupancy, building chimney effect, etc., can readily be compensated for 
when heat can be supplied only where needed. 

In tall buildings, vertical zoning such as sho^vn in Fig. 17 not only pro- 
vides the advantages of control and economy, but also reduces the water 
pressure in the system to that caused only by the number of floors served 
by each section. As shown in Fig. 17 a steam boiler can conveniently be 
used to supply steam to the heat exchangers supplying heated water to 
each zone. 
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RADIATORS, CONVECTORS, COILS 


Heat Emission of Radiators and Convectors, Types of Radiators, Convectors, 
Radiator and Convector Ratings, Effect of Operating Conditions, Heating 
Effect, Heating Up the Radiator and Convector, Enclosed Radiators, 
Coils, Coil Construction and Arrangement, Steam Coils, Water 
Coils, Direct-Expansion Coils, Flow Arrangement, Applications, 

Heat Transfer and Air Flow Resistance, Coil Selection 


R adiators and convectors are primarily used for heating and since 
their performance is affected by many of the same conditions, they 
will be considered together. Coils for heating and cooling when used in a 
fan system will be treated separately later in this chapter. 

HEAT EMISSION OF RADIATORS AND CONVECTORS 

Most heating units emit heat by radiation and convection. An exposed 
radiator emits roughly half of its heat by radiation, the amount depending 
upon the size and number of sections. When the radiator is enclosed or 
shielded, the proportion of heat emitted by radiation is reduced. The 
balance of the emission occurs by conduction to the air in contact with the 
heating surface, and this heated air rises and causes circulation by convec- 
tion transmitting this warm air to the space which is to be heated. 

The output of a radiator can be measured only by the heat it emits and 
is generally expressed in units of : Btu per hr; Mbh (1000 Btu per hour) ; 
or in equivalent direct radiation (240 Btu per hour for steam or 150 for 
water radiation). 

TYPES OF RADIATORS 

Present day radiators are usually of tubular type and are generally made 
of cast-iron. The small-tube type of tubular radiators with a spacing of 
1| in. per section are about the only available radiating surface for homes 
and office buildings. Small-tube radiators occupy less space and are par- 
ticularly suited for installation in recesses. 

Baseboard radiation consists of long, low units which are made to resemble 
conventional baseboards and are installed along the outside walls of rooms 
in place of the usual wooden baseboard. Units are made either of hollow 
cast-iron panels (with, or without fins on the back) or of ferrous or non- 
ferrous finned tubing installed behind a metal enclosure. They are pri- 
marily used in hot water systems, but may also be used on two-pipe steam 
systems. 

Advantages claimed for baseboard radiators are: They are inconspic- 
uous; they are clean in operation; they offer a minimum of interference 
with furniture placement, and, they distribute the heat near the floor. 
This reduces the floor to ceiling temperature gradient to about 2 deg F and 
tends to produce uniform temperatures throughout the room. 

After a study of the demand for various sizes of radiators, the Institute of 
Boiler and Radiator Manufacturers^ in cooperation with the Division of 
Simplified Practice, National Bureau of Standards^ established Simplified 
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Tablx 1. Buall-Tubb Cabt-Ibon Radiatobs 


Number 

OP 

Tubes 

PER 

Section 

Catalog 

Rating 

Section Docensions 




A 

B 

C 

D 


*1 I 

B 


mM 

Heighto 

Width 

Spadngh 

H^hto 

1 

1 


Minimum 

Maximum 

SqFt 

In. 

In. 

In. 

In. 

In. 

3d 

1.6 

25 

SH 

SH 

IH 

2K 






1.6 

WM 

4% 

4>J1« 

IH 

2K 





4d 

1.8 


4% 

4‘?i6 


2K 






2.0 

Hi 

4% 

4»H6 

IK 

2K 






2.1 

22 


6'Wi 

IK 

2K 





O'* 

2.4 

25 


6K* 

IK 

2K 


1 




1.6 

14 

6'Jl6 

8 

■m 

2H 

m 

1 

& 



2.3 

19 

6'H« 

8 


2K 


u 

UV 

III 

ed 

3.0 

25 

6>Jl6 

8 

■M 

2K 





3.7 

32 

6% 

8 

la 

2K 





* The square foot of equivalent direct steam radiation is defined as the ability to emit 240 Btu per hourl 
with steam at 215 P', in air of 70 F. These ratings apply only to installed radiators exposed in a norma 
manner: not to radiators installed behind enclosures, grilles, etc. (See A.S.H.V.E. Code for Testing Radi- 
ators adopted January, 1927.) 

” Len^h equals number of sections times If in. 

* Over-all height and leg height, as produced by some manufacturers, are one inch (1 in.) greater than 
shown in Columns A and D. Radiators may be furnished without legs. Where greater than standard leg 
heishts are required this dimension shall be 44 in. 

^ Or equal. 


Practice Recommendation R1 74-43 for small-tube cast-iron radiators. 
Table 1 shows the size and dimensions now being manufactured. 

Wall radiators are now rated in terms of equivalent square feet, the same 
as small-tube radiators. Tests have shown that the heat emitted from a 
wall-type radiator may be reduced from 5 to 10 per cent if the radiator is 
placed near the ceiling with the bars horizontal and in an air temperature 
exceeding 70 F. When radiators are placed near the ceiling, there is usually 
such a large difference in the temperature between the floor level and the 
ceiling that it becomes diflScult to heat the living zone of the rooms satis- 
factorily. 

Pipe coils are assemblies of standard pipe or tubing (1 in. to 2 in.) which 
are used as radiators. In older practice these coils were commonly used 
in factory buildings, but are not often found in this service today. When 


Table 2. Heat Emission of Pipe Coils Placed Vertically on a Wall (Pipes 
Horizontal) Containing Steam at 215 F and Surrounded with Air at 70 F 

Btu per linear foot of coil per hour {not linear feet of pipe) 


Sub op Pipb 

llN. 

IK In. 

IK In. 

Single row 

132 

162 

185 

Twtt 

252 

312 

348 

Four 

440 

545 

616 

Silt. 

567 

702 

793 


651 

796 

907 

Ten 

732 

907 

1020 

Twelve... . .. . - . 

812 

1005 

1135 
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coils are used, the miter type assembly is preferable as it readily permits 
expansion in the pipe. 

The heat emission of pipe coils placed vertically on a wall with the pipes 
horizontal is given in Table 2 which has been developed from available 
data and does not represent definite results of tests. For such coils the 
heat emission varies as the height of the coil. The heat emission of each 
pipe of ceiling coils, placed horizontally, is about 126 Btu, 156 Btu, and 
175 Btu per linear foot of pipe, respectively, for 1-in., li-in., and l}-in. 
coils. 


CONVECTORS 

Cast-iron radiators may be concealed in a cabinet or other enclosure for 
appearance. In such cases a greater percentage of heat is conveyed to the 
room by convection thereby resulting in a form of gravity convector. A 



botrd • or J 

xhTI 

Rtfiiovablt mttal Mbit y 

front 

Inlet oponing 

Finis hed floor^ open or grilled d floor^ ^ 

SECTION ELEVATION SECTION 

Metal front Plaster front 

Fig. 1. Typical Recessed Convector 



typical recessed convector is shown in Fig. 1. The heating element con- 
sisting of a large percentage of fin surface is usually shallow in depth and 
placed low in the enclosure in order to produce maximum chimney effect 
in the enclosure. The air enters the enclosure near the fioor line just below 
the heating element, is heated moderately in passing through the core and 
is delivered to the room through an opening near the top of the enclosure. 
This air movement accomplishes a reduction in temperature differentials 
and tends to assure maximum comfort in the living zone. 

Concealed heaters or convectors are generally available as completely 
built-in units. Combinations are available in several styles for installa- 
tions, such as the wall-hung type, free-standing floor type, recess type set 
flush with wall or offset, and the completely concealed type. Most of these 
types may be arranged with, a top outlet grille in a plane parallel with the 
floor, although the front outlet is practically standard. In cases where 
enclosures are to be used but are not furnished by the heater manufacturer, 
it is important that the proportions of the cabinet and the grilles be so 
designed that they will not impair the performance of the assembled con- 
vector. It is desirable that the enclosure or housing for the convector fit 
as snugly as possible so that the air to be heated cannot by-pass the heating 
element in passing through the enclosure. 

The output of a convector, for any given length and depth, is a function 
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of the height of the discharge grille above the heating element. Therefore 
the published ratings are generally given in terms of square feet of Equiv- 
aUnL Direct Radiation, EDR. For steam convectors, as for radiators, 
240 Btu per hour may be taken as an equivalent square foot of radiation. 
When more than one heating unit is used, one mounted above the other in 
the same cabinet, the output of the upper unit or units will be materially 
less than that of the bottom unit. 


RADIATOR AND CONVECTOR RATINGS 

A standard method of testing radiators was adopted by the A.S.H.V.E. 
in 1927^ This Code provides for a standard test room, the temperature 
of which is to be maintained at 70 F, measured in the center of the room at 
an elevation of 5 ft above the floor. The steam temperature in the radi- 
ator is to be 215 F, which corresponds to 15.6 lb per square inch absolute. 


Table 3. Correction Factors for Direct Cast-Iron Radiators and Convectors 


Stbam 

PRB88. 

Appbox. 


Heat TNG I 
MSDIUIC 


Factors fob Dxbbct 
Cast-Iron Radutobs 


Factors fob Convbctobs 


Gage 
Vacuum 
In. Hg. 

Aba. 

Steam 

Room Tekpibatubr F 

Inlet Air Temperature F 

Lb mr 
8q In. 

OR 

Water 

80 

75 

70 

65 

60 

55 

50 

80 

75 

70 

65 

60 

55 

50 

22.4 

3.7 

150 

2.58 

2.36 

2.17 

2.00 

1.86 

1.73 

162 

3.14 

2.83 

2.57 

2.35 

2.15 

1.98 

1.84 

20.3 

4.7 


2.17 


1.86 

1.73 

1.62 

1.52 

1.44 

2.57 

2.35 

2.15 

1.98 

1.84 

1.71 

1.59 

17.7 

6.0 

170 

1.86 

1.73 

1.62 

152 

1.44 

1.35 

1.28 

2.15 

1.98 

1.84 

1.71 

1.59 

1.49 

ifn 

14.6 

7.5 

180 

1.62 

1.52 

1.44 

1.35 

1.28 

1.21 

1.15 

1.84 

1.71 

1.59 

1.49 

1.40 

1.32 

1.24 

109 

9.3 

190 

1.44 

1.35 

1.28 

1.21 

1.15 

1.10 

1.05 

1.59 

1.49 

1.40 

1.32 

1.24 

1.17 

1.11 

6.5 

11.5 


1.28 

1.21 

1.15 

1.10 

1.05 

iWol 

0.96 

1.40 

1..32 

1.24 

1.17 

1.11 

1.05 

1.00 

LbperSqIn. 

1 

15.6 

215 

1.10 

1.05 


0.96 

0.92 

0.88 

0.85 

1.17 

l.ll 

1.05 


0.95 

0.91 

0.87 

6 

21 


0.96 

0.92 

0.88 

0.85 

0.81 

0.78 

0.76 

l.UO 


0.91 

0.87 

0.83 

0.79 


15 



0 81 

0.78 

0.76 

0.73 

0.70 

0.68 

0.66 


0 79 

giira 

0 73 

■ow!! 

0 68 


27 

42 


0.70 

068 


0.64 

0.62 

060 

0.58 

0.70 

0.68 

0.65 

0 63 

0.60 

0.58 


52 

67 

300 

0.58 

EEl 

0.55 

0.53 

0.52 

0.51 


0 56 

0 54 


0.51 

0 49 

0.48 

0 47 


* To determine the sise of a radiator or a convector for a nven space, divide the heat loss in Btu per hour 
by 240 and multiply the r«ult by the proper fMtor from the above table. 

To determine the heating capacity of a radiator or a convector under conditions other than the basic 
ones with the heating medium at a temperature of 215 F, and the room temperature at 70 F in the case of a 
radiator, and the inlet air temperature at 65 F in the case of a convector, divide the heating capacities at the 
basic conditions by the proper factor from the above table. 


The weight of condensate per hour, under these standard conditions, multi- 
plied by the difference in the enthalpy of the steam entering the radiator 
and that of the condensate leaving the radiator, gives the radiator output 
in Btu per hour. This output divided by 240 gives the steam rating of the 
radiator in equivalent square feet, EDR. 

Similar test methods for convectors are the A.S.H.V.E. Codes for Testing 
and Rating Concealed Gravity Type Radiation*, (Steam Code 1932 and 
Hot Water Code 1933). These Codes recognize a different type of test 
booth, and the air temperature used is that of the air entering the convector 
casing instead of the temperature in the center of the room. The entering 
air temperature for standard test conditions is 65 F. For hot water the 
standard test conditions call for a mean temperature of the water in the 
convector of 170 F. 

The method of testing and rating both ferrous and non-ferrous convec- 
tors, which is now generally accepted, is given in Commercial Standard 
CS140-47, Testing and Rating Convectors, which has been developed co- 
operatively by the Convector Manufactvrere Aasociation, the Inatitvte of 
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Boiler and Radiator Manufacturers^ other members of the trade, and the 
National Bureau of Standards. 

The rating of a top outlet convector is established at a value not in excess 
of the condensation capacity (which id the heat extracted from the steam or 
water in the convector, under standard test conditions). The rating of a 
front outlet convector includes the condensation capacity plus an allowance 
for heating effect in the occupied zone, based on convector enclosure height 
from bottom of the enclosure to top of the outlet. A table of heights and 
heating effect allowances is given in the Commercial Standard CS140-47, 
and lists allowances from zero per cent for a 38-in. height to 15 per cent 
for a 20-in. height. 

For an inclined outlet convector the rating includes the condensation 
capacity plus a heating effect allowance obtained by multiplying the allow- 
ance for a front outlet convector by a factor (angle of outlet to horizontal 
-5-90). 

Approval of convector ratings may be obtained by the manufacturer by 
submitting test data to a Convector Rating Committee composed of two mem- 
bers appointed by the Convector Manufacturers Association and the Institute 
of Boiler and Radiator Manufacturers^ and one appointed by the Division 
of Trade Standards of the National Bureau of Standards. Requests should 
be addressed to the Division of Trade Standards. 

Effect of Operating Conditions 

The heat output of a radiator is proportional to the 1.3 power of the 
temperature difference between the air in the room at the 60 in. level and 
the heating medium in the radiator. The heat output of a convector is 
proportional to the 1.5 power of the temperature difference between the 
air entering the convector and the heating medium, steam or hot water, 
within the convector*. For hot water the arithmetical average between 
entering and leaving water temperatures is used. These laws may be ex- 
pressed as correction factors to change from output under standard rating- 
test conditions to output under other operating conditions. Such factors 
are given in Table 3. 

When it is desired to change the output under any test conditions to 
the corresponding output under standard Code test conditions, the 
reciprocal form of correction factor may be derived. The equations for 
steam units are : 

For radiators: For convectors: 



The output under standard conditions will be : 

(3) 

where 


Ca » correction factor. 

tu « steam temperature during test, Fahrenheit degrees. 

ma room temperature during test, Fahrenheit degrees. 
t\ inlet air temperature during test, Fahrenheit degrees. 

/fa » heat emission rating under standard conditions, Btu per hour. 
H% heat output under test conditions, Btu per hour. 
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The relation between the size of the radiator or convector and the size 
of the test room will {^ect the results obtained in a capacity-rating test.* 
The height and location of the radiator and the insulation of the test room 
are other important factors that are not specifically regulated by the Code. 
For a radiator, the finish coat of paint affects the heat output. Oil paints 
any color w'ill give about the same results as unpainted black or rusty 
surfaces, but an aluminum or a bronze paint will reduce the heat emitt^ 
by radiation. The net effect may be a reduction of 10 per cent or more in 
the total heat output of the radiator*>*>^. 

Radiator enclosures and convector casings affect the heat distribution 
wit^ the room as well as the total amount of heat supplied by the steam 
or hot water*. 


4 


Cold room ttmp in 


nil 


5.60 jb con^tor No. 1 
584 lb convenor No 22 

612 ibconvecWNo 6 

6.32 lb 5-tube radiator 


Temptrature in deg F | 

1 Position No. 3 

Position No 1 1 


Ennu 

EHI 


i£nia 

ElUi 

msm 

Ea 

pia 




67.4 

rai 

m 

682 



680 

EH 

EQQ 

680 


m 

\msm 


ED 






1 2 3 4 5 6 7 

HEIGHT ABOVE FLOOR IN FEET 


Fio. 2. Tehpebatubb Gbadibntb and Eqvivai.bnt Tempebatubes fob Radiatob 
AND CoNVECTOBS WITH CoUMON 30 IK. LeVEL TeMPEBATDBE 


Heating Effect 

For several years the term healing effect has been used to designate the 
relation between the ttaejvl ouipiU of a radiator, in the comfort zone of a 
room, and the total input as measured by steam condensation or water 
temperatures*’**. The application of such a heating effect factor is a recog- 
nition that some radiators and convectors use less steam than others for 
producing equal comfort heating results in the room. 

No standard method for evaluating the heating effect of radiators and 
convectors and correlating it with comfort has yet been accepted. One 
method, with test data** on radiators and convectors, and making use of 
the eupatheoscoi^ for evaluating the environment produced, has been sug- 
gested by the University of Illinois. The principle underlying the eupatheo- 
scope involves the measurement of the heat loss from a sizable body by 
radiation and convection, when the surface is maintained at some constant 
temperature. Through the use of this instrument and its calibration curve, 
non-uniform environments may be referred to uniform environments in 
which the air and all surrounding surfaces are at the same temperature. 
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The temperatures of the uniform environments are referred to as equivalent 
temperatures. 

The Kata thermometer**, the thermo-integrator**-**, and the globe** 
thermometer are other instruments which have been used to measure the 
influence of air temperature, air movement and radiation in an environment. 

Data given in Fig. 2 show that while the air temperature at the 30-in. 
level is the same for the three convectors and the one large-tube cast-iron 
radiator, in position No. 3 in the test room, the equivalent temperature is 
1 .5 F lower than the air temperature in the case of the three convectors, 
and the same as the air temperature in the case of the radiator. The 
difference between the minimum and the maximum amount of heat re- 
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Fig. 3. Temperatube Gradients and Equivalent Temperatures fob Radiator 
AND Convectors with Common Equivalent Temperature 


quired to maintain the common air temperature at the SO-in. level is of the 
order of 13 per cent. 

In Fig. 3 arc shown the results of tests made with the same three convec- 
tors and the one large-tube cast-iron radiator, so adjusted in size that each 
gave approximately the same equivalent temperature in the No. 3 position 
in the test room. The difference between the minimum and the maximum 
amount of heat required to maintain the common equivalent temperature 
is of the order of 7 per cent. 

The following statements applying to the use of radiators are based on 
experience and test results: 

1. The heating effect of a radiator cannot be judged solely by the amount of steam 
condensed within the radiator. 

2. Smaller floor-to-ceiling temperature differentials can be maintained with long, 
low, thin, direct radiators, than is possible with high, direct radiators. 

3. The larger portion of the floor-to-ceiling temperature differential in a room of 
average ceiling height heated with direct radiators occurs between the floor and the 
breathing level. 

4. The comfort level (approximately 2 ft-6 in. above floor) is below the breathing 
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line level (approximately 6 ft-0 in. above floor), and temperatures taken at the breath- 
ing line may not be indicative of the actual heating eflect of a radiator in the room. 
The comfort-indicating temperature should be taken below the breathing line level. 

5. High column racuators placed at the sides of window openings do not produce 
as comfortable heating effects as long, low, direct radiators placed beneath windows. 

HEATING UP THE RADIATOR AND CONVECTOR 

The maximum condensation occurs in a heating unit when the steam 
is first turned on. Tests^® on an old-style column-type cast-iron radiator 
indicated that in the first 10 min the condensation rate reached a peak of 
0.95 lb per square foot of radiator per hour and 10 to 15 min later dropped 
to a rate of 0.24 lb. In practice the rate of steam supply to the heating 
unit, while heating up, is frequently retarded by controlled elimination of 
air through air valves or traps. Automatic control valves may also retard 
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the supply of steam. Vacuum types of air venting valves may be used to 
reduce the length of the venting periods. 

ENCLOSED RADIATORS 

The general effect of an enclosure placed about a direct radiator is to 
restrict the air flow, diminish the radiation and, when properly designed, 
improve the heating effect. Investigations'® indicate that in the design of 
the enclosure three things should be considered : 

1. There should be better distribution of the heat below the breathing line level to 
produce greater heating comfort and lowered ceiling temperatures. 

' 2. The lessened steam consumption may not materially change the radiator heat- 
ing performance. 

3. The enclosed radiator may inadequately heat the space. 

A comparison between a bare or exposed radiator (A) and the same radi- 
ator with a well-designed enclosure (B), with a poorly-designed enclosure 
(C), and with a cloth cover (D) will illustrate the relative heating effects. 
In Fig. 4 the curve (B) reveals that the enclosed radiator used less steam 
than the exposed radiator, but gave a satisfactory heating performance. 
A well-designed shield placed over a radiator gives about the same heating 
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effect. Curve (C) shows the unsatisfactory effects produced by improperly- 
designed enclosures. Curve (D) shows that the effect of a cloth cover 
extending downward 6 in. from the top of the radiator was to make the 
performance unsatisfactory and inadequate. 

Some commercial enclosures and shields for use on direct radiators are 
equipped with water pans for the purpose of adding moisture to the air 
in the room. Tests^’ show that an average evaporative rate of about 
0.235 lb per square foot of water surface per hour may be obtained from 
such pans, when a radiator is steam heated and the relative humidity in 
the room is between 25 and 40 per cent. This source of supply of moisture 
alone is not adequate to maintain a relative humidity above 25 per cent on 
a zero day. 

COILS 

Coils described in this chapter are used for heating or cooling an air 
stream under forced convection. Surface coil equipment may be made up 
of a number of banks assembled in the field, or the entire assembly may be 
factory constructed. The applications of each type of coil are limited to 
the field within which it is rated. Other limitations are imposed by code 
regulations, by proper choice of materials for the fluids used and the condi- 
tion of the air handled, or by an economic analysis of the possible alternates 
on each installation. 

For heating service, coils are used as tempering coils, preheaters, reheaters 
or booster heaters. The function of the coils is air heating only, but the 
apparatus assembly may include means for humidification and air cleaning. 
Steam or hot water are the usual heating media, although others are used 
in special cases, such as reheating by means of discharge gas from a refriger- 
ating system. 

Coils are used for air cooling with or without accompanying dehumidi- 
fication. Examples of cooling applications without dehumidification are 
precooling coils using well water or other relatively high temperature water 
to reduce the load on the refrigerating machinery, or water cooled coils to 
remove sensible heat in connection with chemical moisture-absorption 
apparatus. By proper coil selection it is possible to handle both sensible 
cooling and dehumidification together as explained later. The assembly 
usually includes air cleaning means to protect the coil from accumulation 
of dirt and to keep dust and foreign matter out of the conditioned space. 
Although cooling and dehumidification are the usual functions, there are 
cases of cooling coils purposely wetted to aid in air cleaning and odor 
absorption. 

The usual cooling media used in surface coils are cold water or Group I 
{ASA Classification) refrigerants, but others are used in special cases. 
Brines are seldom required for the range of applications covered by this 
chapter, although there are cases where low entering air temperatures with 
large latent heat loads require a refrigerant temperature so low that use of 
water becomes impracticable. Sometimes, also, brine from an industrial 
system already installed is the only convenient source of refrigeration. 

For combined cooling and dehumidifying, surface coils present an alter- 
nate to spray dehumidifiers. For many applications it is possible, by 
proper selection of apparatus, choice of air velocities, refrigerant tempera- 
tures, etc., to perform the same duty with either. In a few cases both 
sprays and coils are used. The coils may then be installed within the spray 
chamber, either in series with the sprays or below them. In making the 
selection between spray and surface dehumidifiers, certain advantages of 
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each should be considered. The fact that a spray dehumidiher is usually 
designed to deliver nearly saturated air tends to simplify the control prob- 
lem. In this case the dry-bulb temperature is also the dew-point, and 
hence a dew-point control can be arranged by using a simple duct thermo- 
stat. Spray dehumidifiers have an advantage over unwetted coils of ob- 
taining some air cleaning and odor absorption. On the other hand, coils 
make possible a closed and balanced cooling water circuit, obviating the 
unbalanced pumping head, the complication of water level control, and 
danger from possible floods incidental to multiple spray dehumidifiers, 
especially if located on different levels. The use of coils often makes it 
possible for the same surface to serve for summer cooling and winter heating 
by circulating cold water in the one season and hot water in the other, with 
consequent saving in apparatus and piping. Another advantage is that 
where the surface coil system can be used with direct expansion of refrig- 
erant, it is comparatively low in initial and operating costs. The safety of 
the occupant must be kept in mind in comfort conditioning applications. 
Some localities have refrigeration codes which restrict the use of direct- 
expansion coils in the air stream, and hence local codes should be consulted 
by the engineer before a system employing direct expansion methods is 
designed. The choice between spray dehumidifiers and coils depends upon 
the necessities and the economic aspects of each case and no general rule 
can be given. There are many installations in which either may be used. 

COIL CONSTRUCTION AND ARRANGEMENT 

Coils are basically of two types, those consisting of plain tubes or pipe 
and those having extended surfaces. The former are little used for the 
applications covered by this chapter, but are often employed where condi- 
tions cause frost accumulation, and for cooling vrithin spray dehumidifiers. 

The heat transmission from air passing over a tube to a fluid flowing 
within it is impeded by three resistances. The first resistance is from the 
air to the surface of the tube, usually called the outside surface resistance 
or air-film resistance. Second is the resistance to the flow of heat by con- 
duction through the metal itself. Finally there is another surface or film 
resistance to the flow of heat between the inside surface of the metal and 
the fluid in the tube. For the applications under consideration both the 
resistance of the metal wall to heat conduction, and the inside surface or 
film resistance are usually low as compared with the air-side surface resist- 
ance. Economy in space, weight and cost makes it advantageous to de- 
crease the external surface resistance, where it is proportionately large, to 
approach that of the tube wall, and that from the tube to refrigerant. 
This may be accomplished by increasing the external surface by means of 
fins. Sometimes water spray is applied to the same type surface as would 
have been used without it. The over-all heat transfer is not necessarily 
increased much by such an arrangement, but the water spray may serve 
other purposes than to increase the flow of heat, such as air and coil clean- 
ing. (See Chapter 7.) 

In fin or extended surface coils the external surface of the tubes is known 
as primary and the fin surface is called secondary. The primary surface 
consists generally of round tubes or pipes. In some cases these are staggered 
and in others in line with respect to the air flo.v. The staggered arrange- 
ment is usually preferred because it obtains a somewhat higher heat transfer 
value. Numerous types of fin arrangement are used, the most common of 
which are spiral, fiat and flat-crinkled or corrugated, all as shown in Fig. 5. 
While the spiral fin surrounds each tube individually in all oases, the flat 
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types may be continuous (including several rows of tubes), or they may be 
round or square, with individual fins for each tube. All of these, as well as 
other less common types, are in use, the selection for a particular installa- 
tion being based on economic considerations, space requirements and 
resistances of individual designs of cpils. A most important factor in the 
performance of extended surface coils is the bond between the fin and the 
tube. An intimate contact between the tube and the fin must be main- 
tained permanently in order to assure a continuing rated performance after 
the heating units have been in service for a period of time. In some coils 
fins are wound on the tubes under pressure in order to upset the metal 
slightly at the fin root and then are given a coating of solder while the fin 
and tube are still revolving for the purpose of assuring a uniform coating of 
solder. In other types the spiral fin may be knurled into a shallow groove 
on the exterior of the tube. The tube may be expanded after the fins are 
assembled, or the tube hole flanges of a flat or corrugated fin may be made 
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to override those in the preceding fin and so compress them upon the tube. 
There are also types of construction where the fin is formed out of the 
material of the tube itself. 

For heating coils materials most generally used are copper and aluminum. 
Steel is occasionally used where sodium or calcium chloride brine is circu- 
lated in the tubes. Aluminum fins with copper tubes is a common con- 
struction. Generally speaking, brass does not serve as a satisfactory fin 
material because of corrosion difficulties. Cooling coUs for water or for 
volatile refrigerants most frequently have copper fins and tubes, although 
aluminum fins on copper tubes are also used. There are many makes of 
heating and cooling coils of the light weight extended surface type for both 
heating and cooling with tubes commonly f", I", and 1" outside diam- 
eter and with fins spaced thi'ee per inch up to eight per inch. The tube 
spacing generally varies from about 1 1" to 2^" on centers depending upon 
the width of individual fins and on other considerations of performance. 
Fin spacing should be chosen for the duty to be performed with special 
attention being paid to lint accumulation and especially in dehumidifying, 
the consideration of frost accumulation. 

Steam Coils 

For proper performance of steam heating coils, condensate and air must 
be continuously eliminated and the steam must be evenly distributed to 
the individual tubes. This distribution is usually accomplished by indi- 
vidual orifices ip the tubes, by distributing plates and orifices in the steam 
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header, or by perforated internal steam-distributing pipes extending into 
the individual tubes. The latter arrangement has the advantage of dis- 
tributing the steam throughout the length of each tube, and is conducive 
to uniform temperature of delivered air. The tendency of condensate to 
freeze at the bottom of the coil with cold entering air and light heating 
loads is also minimized. This is specially valuable for outside air pre- 
heaters. 

Water Coils 

The performance of water coils, for heating or cooling, depends on the 
elimination of air from the system and proper distribution of water. Air 
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Fig. 6. Various Water Circuit Arrangements 

elimination is taken care of in the system piping as described in Chapter 
24. To assure a pressure drop sufficient for adequate distribution but at 
the same time to provide against excessive pumping head where large water 
quantities are handled, water coils are provided with various water circuit 
arrangements. For instance, a typical coil 18 tubes high and G tubes deep 
in the direction of air flow can be arranged for 6, 9, 18, 24, or 3G parallel 
water circuits as conditions may require. Oriflces in individual tubes are 
occafflonally employed but are usually unnecessary as the resistance of 
individual water circuits is generally sufficient to effect a satisfactory distri- 
bution. In precooling coils using well water where there may be consider- 
able sand and other foreign matter in the water, provision for cleaning of 
individual tubes is of advantage. It is important to arrange water coils for 
complete drainage (see Fig. 6). The drains are usually provided in the 
water piping at the coil header. 

Direet-Eiqpansion Coils 

Coils for volatile refrigerants present more complex problems of fluid 
distribution than do water, brine or steam. It is desirable that the coil 
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be effectively and uniformly cooled throughout, and necessary that the 
compressor ^ protected from entrained, unevaporated refrigerant. There 
are two types; namely, flooded systems, and thermal expansion valve sys- 
tems, as shown in Figs. 7 and 8. In a flooded coil, the circulation is similar 
to that in a water tube boiler. The liquid is maints^ned at the proper level 
by the action of a float regulator as shown in Fig. 7. The thermal expan- 
sion valve system depends upon the thermal valve automatically feeding 
just as much liquid to the coils as is required to maintain the superheat at 
the coil suction outlet within predetermined limits which vary from about 
6 to 10 deg. The thermal valve arrangement is in common use for the type 
of coils covered by this chapter, while the flooded system is rarely used. 

With the flooded system the refrigerant distribution through the tubes 
depends on properly selecting the length of the feeds and the head of liquid 
imposed upon the liquid inlets. No auxiliary distributing devices are re- 
quired. With the thermal valve system there are two factors to consider. 



Fig. 7. Direct-Expansion Coil with Fig. 8. Direct-Expansion Coil with 
Flooded System Thermal Valve System 


There must be, generally, more than one refrigerant feed through the coil 
per thermal valve to keep the pressure drop through the refrigerant circuit 
within practical limits and to reduce the corresponding penalty in increased 
evaporating temperature. At the same time the coil must be so arranged 
that the required suction superheat can be attained with a minimum sacri- 
fice in the performance of the coil as a whole. It is general practice to 
attain this superheat within the coil itself and not by the use of external 
heat exchangers or other auxiliary devices. 

With thermal expansion valves it is advantageous to keep the pressure 
drop through the refrigerant feeds as low as possible. The feeds are laid 
out to expose each to the same mean temperature difference so that it 
handles the same refrigerating load. Here, a distributing means is imposed 
between valve and coil liquid inlets to divide the refrigerant equally among 
the feeds. Such a distributor must be effective for distributing both liquid 
and vapor, because the entering refrigerant is a mixture of the two. Fig. 
9 shows three typical types of distributors. In distributor A the liquid 
and gas mixture from the thermal valve is led tangentially into a chamber. 
The coil feed connections extend outward radially at the top of this 
chamber. In distributor B the refrigerant is discharged at a high velocity 
through a central jet against the end plate, forming a uniform mixture of 
gas and liquid within the distributor, from which individual connections 
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are led aa shown. In tyro C the refri^rant enters at hi(^ vdocity from 
the thermal valve and is discharged against the end plug in which the indi- 
vidual liquid feeds are closely arranged. These distributors can be used 
in either vertical or horizontal position. There are also other types of 
headers such as the centrifugal and weir type. The individual liquid con- 
nections from the distributor to the coil inlet are commonly made of small 
diameter tubing and are all of the same length and diameter in order to 
impose the same friction between the distributor and the coil. Since the 
thermal valves act in response to the superheat at the coil outlet, this super- 
heat should be produced with the least possible sacrifice of active evaporat- 
ing surface. Sometimes a single thermal valve is used per coil. In other 
cases multiple valves are used, with the coil divided across the air flow or 
parallel to the air flow as shown in Fig. 10. The arrangement of Fig. 11 
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diould be avoided since it offers the disadvantage of unequal load on the 
two parallel circuits. 

Flow Arrangement 

The relative direction of flow of the air outside the tubes and the medium 
within them influence the performance of the surface. There are three 
types of relative flow in common use. Fig. 12A shows parallel-flow in 
which the air and the medium in the tubes proceed through the coil in the 
same direction. Fig. 12B shows counter-flow in which the medium in the 
tubes proceeds in a direction opposite to the flow of air. Fig. 12C shows 
cross-flow in which the air and the medium in the tubes pass at right angles 
to each other. The coimter-flow arrangement is almost universally ured 
in brine or water coils to take advantage of the highest possible mean tem- 
perature difference for given entering water and air temperatures. It is 
also commonly used in coils fed with volatile refrigerant to take advantage 
of the higher air temperature for superheating the leaving gas. In deep 
coils, however, it is sometimes advantageous to use parallel flow from second 
row to last row and then to complete the circuit by passing through the 
first row to take advantage of the higher air temperature for superheating. 
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Complete evaporation and superheating of the refrigerant are essential to 
proper operation of the thermal expansion valve. Cross-flow is common 
in steam heating coils, the temperature within the tubes being substantially 
uniform and the mean temperature difference the same whatever the direc- 
tion of flow, relative to the air. Cross-flow is to be .avoided in coils with 
volatile refrigerants on account of unequal loading of parallel circuits and 
the danger of short circuiting of liquid refrigerant which disturbs proper 
functioning of the thermal expansion valve. 

Applications 

Heating coils in held assembled banks are used for a number of purposes 
as described in Chapter 43. They may be arranged with the air flow 



Fio. 10. Abbanoeuent fob Fig. 11. Abbanoemekt fob 
Face Contbol Depth Contbol 


vertical or horizontal, although the latter is more common. For steam 
heating, the coils may be set with the tubes vertical or horizontal. In the 
latter case the coil should be sloped to provide for condensate drainage. 
Because of the multi-circuit feed arrangement and the necessity for avoid- 
ing air and water pockets, water heating coils are generally arranged with 
the tubes horizontal. Certain precautions must be taken against freezing. 
Where steam coils are used with entering air below freezing temperature, 
throttling the steam supply may result in freezing the condensate in the 
bottom of the coil if the tubes are of the variety not provided with internal 
distributing pipes, or an equivalent arrangement. 

There are coils available having inner distributing tubes and having the 
supply and return headers cast in one piece. In this type of coil the 
condensate that forms in the outer tube has resulted from steam fed from 
the inner tube orifices. This condensation flowing back along the warm 
inner tube is prevented from freezing. A wide range of modulation at very 
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low temperatu^ without danger of freenng is therefore obtained. As an 
added precaution with both steam and water coils the outside air inlet 
dampers are often closed automatically when the fan is stopped to avoid 
trouble caused by veiy cold outside air drifting in during off periods. 

A typical arr^gement of cooling coils is shown in Fig. 13. Some means 
diould be provided to filter all the entering air to keep ^rt and foreign 
matter from accumulating on the coils. The assembly is provided with a 
drip-pan to catch the condensate during summer dehumidifying duty and 
to collect the non-evaporated water from the humidifying sprays in winter. 
The drip connection should be made ample in size and liberally provided 
with cleanout fittings. It should not be exposed to freezing temperatures 
in winter if the apparatus is used on winter humidifying duty. Access 
doors should be provided for servicing filters, humidifying nozzles, and fan 
bearings and for cleaning the coils. When coils are used for dehumidifying, 
eliminators must be used beyond the coil to catch any water which may be 
blown into the air stream. It is customary to include these eliminators 
when the air velocity exceeds about 450 fpm. Where a number of coil 



Fig. 12. Flow of Media in Tubes in Relation to Aie Flow 

sections are stacked one upon another, and where the velocities are low, so 
that eliminators need not be used, occasional trouble results when water 
splashes down from one coil to the next and blows out into the air stream. 
In such cases drip troughs as shown in Fig. 14 are used to collect this water 
and conduct it to the condensate pan. 

Sometimes finned surface coils on summer cooling and dehumidifying 
duty are provided with water sprays. These sprays are of two types. In 
the first type a set of spray nozzles is arranged for intermittent cleaning. 
These sprays are not operative when the system is in use and no recircu- 
lating pump is provided. The second arrangement requires a collecting 
tank and a recirculating pump. The water is in circulation whenever the 
apparatus is in operation, and assists in keeping the coil clean and in absorb- 
ing odors. Fig. 15 illustrates such an arrangement. Wherever air by- 
passes are used around a coil on summer duty for control purposes, it is 
advantageous to direct only return air through the by-pass rather than a 
mixture of return and outside air. The casing should be arranged accord- 
ingly. To maintain the air quantity handled by the fan reasonably con- 
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stant, and to assure the required design quantity of by-passed air when the 
by-pass damper is open, cooling coil banks are frequently furnished with 
both face and by-pass dampers as shown in Fig. 13. 

Although both heating and cooling coils are made of sufficient strength 
to take up expansion and contractidn arising within themselves, care should 
be taken to avoid imposing strains from the piping on to the coil connec- 
tions. (See Chapter 23.) 

HEAT TRANSFER AND AIR FLOW RESISTANCE 

The transfer of heat between the heating or cooling medium and the air 
stream is influenced by several variables : 

1. The temperature difference. 

2. The design and surface arrangement of the coil. 

3. The velocity and character of the air stream. 

4. The velocity and character of the medium in the tubes. 



Fig. 13. Typical Abrangeuent of Cooung Coils in a Central System 


The driving force is usually taken as the logarithmic mean temperature 
difference for heating or coohng without dehumidification. For combined 
cooling and dehumidification, the logarithmic difference does not apply 
strictly and such problems should be handled as described in Chapter 7. 
With volatile refrigerants there is often an appreciable pressure drop and 
corresponding change in evaporating temperature through the refrigerant 
circuit. The problem is further complicated by the fact that the refriger- 
ant is evaporating in part of the circuit and superheating in the remainder. 
In spite of this, heat transfer and ratings for coils using volatile refrigerants 
are usually based on a refrigerant temperature corresponding to the average 
pressure in the coil. 

The design and surface arrangement of the coil include such items as 
materials, type, thickness, height and spacing of the fins, and the ratio of 
this surface to that of the tube, the use of the staggered or in-line tube 
arrangement, and provisions to increase the air turbulence such as the use 
of corrugated as against flat fins. Staggered tubes increase the total heat 
transfer as against the in-line arrangement and corrugated fins may be more 
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effective than flat. This design and surface arrangement has a large effect 
on the air film heat transfer resistance. 

The velocity of the air usually considered is the coil face velocity. This 
bears a varied relation to the actual velocity over the surface, depending upon 
the individual coil design. As long as a fixed design of coil is under con- 
sideration face velocities may be used, but they may be unsatisfactory in 
comparing different designs, as it is the actual surface velocity that is signifi- 
cant. The air volume is often based on standard air at 70 F and a baro- 
metric pressiu^ of 29.92 in. Hg. The use of air volume in coil rating 
information may be misleading. The significant valve is mass velocity in 
pounds per {minute) {square foot of face area) and not cubic feet per minvte. 
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because for a fixed volume the corresponding weight may vary widely, 
depending upon the temperature and barometric pressure. 

At the same mass air velocity, varying performance can be obtained 
depending upon the turbulence of the air flow into the coil and upon the 
uniformity of distribution of air over the coil face. The latter is very im- 
portant in obtaining reliable test ratings and in realizing rated performance 
in practical installations. The resistance through the coils will assist in 
distributing the air properly, but where the inlet duct connections are 
brou^t in at sharp angles to the coil face, the effect is frequently bad and 
there may even be reverse air currents through the coils. This reduces 
the capacity, but can be avoided by proper layout or by the use of directing 
baffles. 

Heat transfer depends also upon the velocity of the mediiun in the tubes 
and upon its character, whether flowing water, condensing steam or evapo- 
rating volatile refrigerant. Heat transfer rates expressed as Btu per (square 
foot internal surface) (degree logarithmic mean effective temperature 
difference between the fluid and tube wall) are, for example: about 150 to 
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300 for evaporating dichlorodifluoromethane, about 350 to 1200 for water 
at 2 and 6 fps and about 1200 for condensing steam. The influence of the 
medium in the tubes on the over-all heat transfer rate is, ther^ore, 
apparent. 

Because of these variables, reliable rating and performance information 
for any design of coil must be based on actual tests on that coil under the 
expect conditions of operation. A comparison between the performance 
of two designs, unless based on such tests on each, may lead to entirely 
erroneous conclusions. For details on coil calculation and performance see 
Chapter 7. 


By-pass dampers 
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COIL SELECTION 

In the selection of a coil it is necessary to consider several factors: 

1. The duty required— heating, cooling, dehumidifyin^. 

2. Temperature of entering air — dry -bulb only if there is no dehumidification, dry- 
and wet-bulb if moisture is to be removed. 

3. Available heating and cooling media. 

4. Space and dimensional limitations. 

5. Air quantity limitations. 

6. Allowable resistances in air circuit and through tubes. 

7. Peculiarities of individual designs of coils. 

8. Individual installation requirements, such, for example, as type of automatic 
control to be used. 

The duties required may be determined from information in Chapters 6, 
8, 14 and 15. There may or may not be a choice of cooling and heating 
media, as well as temperatures available, depending upon whether the 
installation is new or is in combination with present sources of heating or 
cooling. Space limitations are dictated by the requirements of individual 
cases. The air quantity is influenced by a number of considerations. The 
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air quantity through heating coils is often made the same as that necessary 
to handle the summer cooling load. The air handled may be fixed by the 
use of old ventilating ducts as an air distribution system for new air condi- 
tioning apparatus, or may be dictated by requirements of satisfactory air 
distribution or ventilation. The resistance through the air circuit influ- 
ences the fan horsepower and speed. This resistance may be limited to 
allow the use of a given size of fan motor, or to keep the operating expense 
low, or it may be limited by the maximum fan peripheral velocity which 
requirement of quietness may permit. The friction through the water or 
brine circuit may be dictated by the head available from a given size of 
pump and pump motor. As the fan and pump motor inputs represent a 
refrigerating load on cooling installations, it is economical to keep them low. 

Proper performance of a surface heating or cooling coil depends upon 
correct choice of the original equipment and upon certain other factors. 
The usual coil ratings are based on a uniform face velocity of air. If the 
air is brought in at odd angles or if the fan is located so as to block part of 
the air flow, the performance as given in the manufacturer's ratings cannot 
usually be obtained. To obtain this performance it is necessary also that 
the air quantity be adjusted on the job to that used in determining the coil 
selection, and must also be kept at this value. The most common causes 
for a reduction of air quantity are the fouling of the filters and collection of 
dirt in the coils. These difficulties can be avoided by proper design and 
proper servicing. There are a number of ways in which coils may be 
cleaned. A common method is to wash them off with water. They can 
sometimes be brushed and cleaned with a vacuum cleaner. In bad cases 
of neglect, especially on restaurant jobs where grease and dirt have accu- 
mulated, it is sometimes necessary to remove the coils and wash off the 
accumulation with steam, compressed air and water, or hot water. The 
most satisfacto^ solution, however, is to keep the filters serviced, and thus 
make the cleaning of the coils unnecessary. 

The proper selection of coils requires an understanding of the necessities 
of each case and should be based on an economic analysis of the plant 
design as a whole. No general rule can, therefore, be laid down for the 
selection of heating or cooling coils. It is possible, however, to point out 
the limits of usual practice and to indicate the influence of the variables 
involved in the coil selection. 

Heating Coils 

Steam and hot water heating coils are usually rated within these limits : 

Air Face Velocity— 200 to 1200 fpm, sometimes up to 1500 fpm. 

Steam Pressure — 2 to 200 lb, sometimes up to 350 lb per square inch. 

Hot Water Temperature— 150 to 225 F. 

Water Velocity— 2 to 6 fps. 

Individual cases may deviate widely, but the tabulation given herewith 
will serve as a guide to usual heating installation practice: 

Air Face Velocity— 500 to 800 fpm face, 500 being a common figure. 

Delivered Air Temperature— varies from about 72 F for ventilation only to about 
150 F for complete heating. 

Steam Pressure— 2 to 10 lb, 5 lb being common. 

Hot Water Temperature — 150 to 225 F. 

Water Velocity— 2 to 6 fps. 

Water Quantity — Based on about 20 F temperature drop through a hot-water coil. 

Air Resistance— The total resistance through heating coils is usually limited to 
from i to t in. of. water gage for public buildings, to about 1 in. for factories. 
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The selection of heating coils is relatively simple as it involves diy-bulb 
temperatures and sensible heat only, without the complication of simul- 
taneous latent heat loads, as in cooling coils. For a given duty, entering 
air temperature, and steam pressure, it is possible to select several arrange- 
ments of the same design of coil depending upon the relative importance 
of space, cross-sectional area, and air resistance. * 

Cooling Coils 

Cooling and dehumidifying coils are usually rated within these limits : 

Entering Air Dry-Bulb— 60 to 100 F. 

Entering Air Wet-Bulb — 60 to 80 F. 

Air Face Velocities — ^300 to 800 fpm, (sometimes as low as 200 and as high as 1200). 

Volatile Refrigerant Temperatures — ^26 to 65 F, at coil suction outlet. 

Water Temperatures — 40 to 65 F. 

Water Quantities — 2 to 6 gpm per ton, or equivalent to a water temperature rise of 
from 4 to 12 deg. 

Water Velocity— 2 to 6 fps. 


Table. 4. Vabioub Coolinq Coil Abbangeuentb 


Selection 

1 

2 

3 

4 

Total cooling capacity, tons.. 

Sensible cooling capacity, tons.... 

100 

100 

100 

100 

69 

69 

69 

69 

Latent cooling capacity, tons 

31 

31 

31 

31 

Ratio total to sensible heat 

1.45 

1.45 

1.45 

1.45 

Air quantity, cfm.. 

47,800 

41,700 

37,100 

46,800 

Cfm per total ton 

478 

417 

371 

468 

Face velocity, fpm 

325 

423 

500 

600 

Resistance, in. water 

0.11 

0.27 

0.51 

0.37 

Coil face area, sq ft 

147 

99.0 

74.2 

78.1 

Coil rows deep 

4 

6 

8 

4 

Coil evaporator temp. F deg 

45 

45 

45 

38 


The ratio of total to sensible heat removed varies in practice from 1.00 
to about 1.65, i.e., sensible heat is from 60 to 100 per cent of total, depend- 
ing on the application. (See Chapter 43.) Since required ratios may de- 
mand wide variations in air velocities, refrigerant temperatures, and coil 
depth, general rules as to their values may be misleading. On usual com- 
fort installations air face velocities between 400 and 600 fpm are frequent, 
500 being a common value. Refrigerant temperatures ordinarily vary 
between 40 and 50 F where cooling is accompanied by dehumidihcation. 
Water velocities range from 2 to about 6 fps. 

When no dehumidihcation is desired, for which condition the dew-point 
of the entering air is equal to or lower than the cooling coil surface temper- 
ature, the coil selection is made on the basis of diy-bulb temperatures and 
sensible heat transfer only, the same as with heating coils. It is possible 
also to choose various arrangements of face area, depth, air velocity, etc., 
for the same duty. 

Dehumidifying Coils 

The selection of coils for combined cooling and dehumidifying duty is 
more involved than for heating or sensible cooling and requires considera- 
tion of both dry- and wet-bulb air temperatures. (See Chapter?.) It is 
further complicated by the fact that the proportional amount of dehumidi- 
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ficatioa requir^ is also hi^ily variable. The methods outlined pireviously 
under Heat Transfer and Resistance may be used to determine whether it 
is possible for a coil to perform the duty required. If entering and leaving 
air conditions are arbitrarily specified, the corresponding duty sometimes 
cannot be obtained at all without the use reheat. As with heating and 
sensible cooling coils, there are combinations of face areas, depth, air 
velocity and refrigerant temperatures which will give the required perform- 
ance. This is illustrated in Table 4. 

It is possible as shown in Table 4 to perform approximately the same 
duty at a given refrigerant temperature with small face area and large 
thickness or vice versa. The large face area coil gives low air velocity and 
resistance but high air quantities per ton. The coil of small face area and 
great depth requires small air quantities per ton of refrigeration, high 
resistance and high air velocities. As shown also in Table 4 the same sensi- 
ble, latent and total cooling capacity may be obtained with various refriger- 
ant temperatures by proper choice of coil. This makes it possible to keep 


Table 5 . CAPAaTT Balances fob Maximuii and Miniuuu Load Conditionb 


Conditions 

Capacity in Tons 

Total 

Total 



Sbnsidlb 


10.00 

7.90 

3.00 



6.62 

3.36 

3.26 



10.90 

7.90 

3.00 


Same equipment balanced at minimum load 





conditions 

9.85 

6.58 

3.26 

1.50 

Same equipment balanced at maximum load 





conditions with 40 per cent by«pass 

8.3S 

5.05 

3.33 

1.66 

Same equipment balanced at minimum load 





conditions with 38,800 Btu per hour reheat 

6.62 

3.36 

3.26 

1.98 


the evaporating temperature high enough to carry the load with a chosen 
size of condensing unit. High evaporating temperatures with correspond- 
ingly small compressor operating expense can be attained but at the expense 
of coil surface, air quantity or both. The choice will be determined by the 
necessities of individual installations. 

For a given quantity and condition of entering air the evaporating tem- 
perature of a volatile refrigerant coil is determined by a balance between 
the condensing unit and the coil. The total, sensible and latent cooling 
capacity can then be determined from the coil rating information. If the 
condensing unit and cooling coil have been properly balanced for the re- 
quired load and, due to miscalculated duct resistance or improper choice 
of fan speed, the air quantity is reduced, the total cooling capacity will 
also be reduced. The decrease is generally in the sensible capacity. This 
is the effect also when the air by-pass or volume control is used. 

It is necessary that not only the total capacity but also the sensible and 
latent cooling requirements both be met. The installation of an excess of 
coil results in an increase in total capacity, but not a proportional gain in 
latent heat capacity. On installations controlled from dry-bulb tempera- 
ture the operating time is shortened because of the added sensible cooling 
capacity. This results in less moisture pick-up and higher relative humid- 
ity than calculated. If an oversize condensing unit is installed, the oppo- 
site situation occurs. Generally, this is not a disadvantage except that it 













Radiaton^ Convectors, Colls 


648 


results in a load from outside air greater than calculated, as well as in in- 
creased power consumption. If oversize equipment is furnished, a balance 
should be made to assure that the ratio of total to sensible capacity is the 
same as in the estimated load. 

Sometimes arbitrary air quantities sgre specified for ventilation or other 
reasons independent of the selection of the cooling coil. As shown in 
Table 4, the coil selection can be altered to take care of various air quantities 
for the same duty. 

Where coil and condensing unit are selected for the peak load condition, 
and the sensible load partially disappears due to fall of outside temperature 
or other cause, the condensing unit and coil rebalance. This may result 
in more sensible and less latent capacity than required at the light load 
condition, with an increased relative humidity in the conditioned space. 
Such a condition is shown in Table 5. If approximately 40 per cent of the 
total air is by-passed, the condition is improved as indicated. The situa- 
tion may be entirely avoided by using reheat, where it is possible to handle 
any ratio of sensible and latent loads and maintain the design temperature 
and humidity^*. 

Care should be taken to avoid freezing at light loads. In general, freez- 
ing occurs when the coil surface temperature falls to 32 F. With usual coils 
for comfort installations, tliis does not occur unless the evaporating tem- 
perature at the coil outlet is about 20 to 25 F. The exact value depends 
on the design of the coil and the amount of loading. Although it is not 
customary to choose coil and condensing units to balance at low tempera- 
tures at peak loads, there is danger of this occurring when the load decreases. 
This is further aggravated if a by-pass is used so that less air is passed 
through the coil at light loads. It may be even worse if the control is 
arranged for decrease of inside temperature with fall of that outside. Freez- 
ing can be avoided by making the full load balance a high evaporating 
temperature and checking the balance at the minimum load. 

Care should be exercised in the design of humidity control to minimize 
the cycling of the refrigerating compressor because of re-evaporation of 
moisture from the fins. It is sometimes necessary to by-pass air around a 
coil when the compressor is not operating. 
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UNIT HEATERS, UNIT VENTHLATORS, 

UNIT HUMIDIFIERS 

Definitions; Unit Heaters: Classification, Application, Outlet Velocities, Ratings 
for Various Types, Temperature, Automatic Control, Location, Piping 
Connections; Boiler Capacity for Steam Unit Heaters; Unit Ventilators : 
Ratings, Applications, Location, Exhaust Vents; Window 
Ventilators; Unit Humidifiers 


D escriptions of heating, cooling, ventilating, humidif 3 ring, and de- 
humidifying systems are given in other chapters. This chapter deals 
with unit heaters, unit ventilators, and unit humidifiers. Cooling units, 
unit air conditioners, and attic fans are described in Chapter 36. 

Definitions 

The generally accepted meaning of the word unit in the terms unit heat- 
ers, unit ventilators, and unit humidifiers is that of a factory made, encased 
assembly of the functional elements indicated by its name. Such units 
can be shipped complete or in sections so that the only field work necessary 
is the assembling of the sections, providing proper supports and connecting 
the unit to sources of heat (or fuel), power and water supply, and, if neces- 
sary, to vent pipes for combustion gases. 

The term unit heater denotes an assembly of elements the principal func- 
tion of which is heating. The essential elements of a unit heater are a fan 
and motor, a heater, a housing, and outlet vanes or diffusers. 

The term unit ventilator denotes an assembly the principal function of 
which is to ventilate. It may serve to circulate air within the space, or to 
introduce air from without the space, or may accomplish both purposes. 
The essential elements of a unit ventilator are a fan and motor, a heater, a 
set of dampers, a housing and outlet vanes or diffusers. 

The term unit humidifier denotes an assembly of elements the principal 
function of which is to humidify. The essential element of a unit humid- 
ifier is an atomizer or evaporator. To this may be added a fan, a heater, 
outlet vanes or diffusers, and a housing to enclose the various parts. 

UNIT HEATERS 

Classification 

The various types of unit heaters which are at present available can 
usually be classified according to one of the three following methods : 

1. By type of heater. Under this classification there are three types of 
heating elements to be considered : (a) the steam or hot water type^ (b) the 
electric type, and (c) the direct fired type which may be gas, oil, or coal fired. 

2. By type of fan. Under this classification there are two types of fans 
to be considered : (a) the propeller type^ which may be equipped with a hori- 
zontal or vertical shaft, and (6) the centrifugal type which may be designed 
for horizontal or vertical blow. 

3. By arrangement of elements. Under this classification there are two 
types of heaters to be considered : (a) the draw-through type, in which the 
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fan draws air throng, and (b) the bUno-thr&ugh type, in which the fan blows 
air throng the heater. 

Unit heaters are available in any combination of the three preceding 
general classifications. For example, the steam or hot water type may be 
secured with either the propeller or centrifugal type of fans, and in either 
the draw-through or blow-through type. 

Unit heaters also vary in other minor respects. For example, steam and 
return inlets and outlets may be located on the top and bottom respectively 
or on the same side of the unit. Some units are supported by the piping 
and some have independent supports. The heating surface of steam or 
water type units is generally made up of a non-ferrous tube-and-fin assem- 
bly ; or it may be fabricated of steel, or cast in steel. 

Application of Unit Heaters 

Unit heaters are used principally for heating commercial and industrial 
structures such as garages, factories, laboratories, and stores. They may 
also be used for heating finished rooms, if properly applied and concealed 
and if some consideration is given to the problem of noise. 

Unit heaters may also be adapted to a number of industrial processes, 
such as drying and curing, in which the use of heated air in rapid circulation 
with uniform distribution is of particular advantage. They may be used 
for moisture absorption, such as fc^ removal in dye houses, or for the pre- 
vention of condensation on ceilings or other cold surfaces of buildings in 
which process moisture is released. When such conditions are severe, it 
is necessary that the unit heaters draw air from outside in enough volume 
to provide a rapid air change and that they operate in conjunction with 
ventilators or fans for exhausting the moisture-laden air. ^ discussion 
of condensation in Chapter 6. 

There are three major factors to consider in the application of unit heat- 
ers, namely: (1) location of unit, (2) air distribution, and (3) heating 
medium. 

There are a variety of applications which are favorable to the use of 
electric unit heaters. For supplemental heat in residence bath rooms, for 
the heating of ticket booths, watchmen’s offices, factory offices, locker 
rooms and other isolated rooms scattered over large areas, their use is 
peculiarly adaptable. They are particularly useful in isolated and untended 
pumping stations or pits where they may be thermostatically controlled to 
prevent freezing temperatures. 

Gas fired unit heaters find application in industrial plants, offices, stores, 
garages, in fact in almost every location where steam t3T)e units are used. 
The installation cost of gas fired units is usually less than that of a t3rpe 
requiring that a new boiler be installed. 

Oil fired unit healers are used in industrial plants, garages and commercial 
buildings. 

Coal fired unit heaters are of finned, welded steel, or cast-iron construction 
and equipped with centrifugal blowers. They are usually stoker-fired to 
insure proper firing of fuel. They are used principally in large industrial 
plants such as foundries or assembly plants, and provide a convenient 
source of heat, readily installed and economical in operation since all heat 
given off by the surface of the heater remains within the space being heated. 

Outlet Velocities 

Outlet velocities of unit heaters vary from about 400 to 2500 fpm depend- 
ing upon the type of unit and the distance to which the air is to be projected. 
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Noise and drafts must be considered in the choice of air velocities, since 
both increase with increase of air velocity. 

Velocities and decibel ratings for the various types of unit heaters illus- 
trated in Figs. 1, 2, 3 and 4 are given in Table 1. (See Chapter 42 for a 
discussion of decibel ratings.) ‘ 

In the selection of unit heaters it is important to ascertain that the throw 
is sufficient. The throw is dependent to a marked degree on the temper- 
ature of air leaving the heater as well as upon its velocity. See discussion 
under heading of Inlet, Outlet, and Space Temperatures mth Unit Heaters. 

Air Outlets 

In order to direct the air to points desired and to diffuse the air to avoid 


Tabue 1. Outlet Vblocitieb, Distance of Blow and Decibel Ratings fob 
Vaeious Ttpes of Unit Heaters 


Type op 

Unit Heater 

Outlet 

Velocities FPM 

Distances op 
Blow— Ft» 

Decibel 

Rating 

Centrifugal Fan 

1500-2500 

20-200 

34-90 

Horizontal Proppllpr Fan 

400-1000 

30-100 

26-84 

Vertical Propeller Fan 

1200-2200 

70 

50-82 



* Refer to manufaoturers’ tables for limits of blow and decibel ratings. Values in this table are maxima 
and do not apply to all makes of units. 


drafts, unit heaters are commonly equipped with directional outlets, ad- 
justable louvers or fixed types of diffusers. 

RATINGS OF UNIT HEATERS 

It is standard practice to rate unit heaters on the basis of the amount of 
heat delivered by the air in Btu per hour above an entering air temperature 
of 60 F. This applies to all types of unit heaters, the steam or hot water 
type, the electric type and the direct fired type. There are, however, other 
factors which must be taken into account, especially when an attempt is 
made to compare one type of heater with another. These are the tem- 
perature of the heating element and the velocity of air through it. Con- 
sideration is given to these factors in the discussion of ratings for each type 
of unit heater in the following paragraphs. 

Ratings for Steam Type 

The rating of steam type unit heaters has been standardized by a code^ 
in which the following items are the basis of rating: dry saturate steam 
at 2 psig pressure (29.92 in. Hg barometric pressure) at the heater coil; air 
at 60 F entering the heater ; and heater operating free of external resistance 
to air flow. 

The capacity of a heater increases as the steam pressure increases, and 
decreases as the entering air temperature increases. The heating capacity 
for any condition of steam pressure and entering air temperature other than 
standard may be calculated approximately from any given rating by the 
use of factors in Table 2 for the blow-through or draw-through types. 
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Fig 1. Centrifugal Fan Type Unit Heater— Floor Mounted 



Fig. 2. Centrifugal Fan Type Unit Heater— Suspended 



Fig. 3. Propeller Fan Type Unit 
Heater— Horizontal Blow 
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Fan and heater 


Directional 


\ 


Fig. 4. Propeller Fan Type Unit 
Heater— Vertical Blow 


DRAW THROUGH TYPE BLOW THROUGH TYPE 
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Table 2. Constants fob Detebuinino the CAPAaTY of Unit Heatebs 
FOB Vabious Steau Pbessvbes and Tempebatubes of Entebino Aib 

{Baaed on Steam Preeaure of t paig and Entering Air Temperature of 90 F) 



Note: To determine oapaoity at any steam pressure and entering temperature, multiply constant from 
table by rated oapaoity at 60 F entering air and 2 psi. 

When increasing steam pressure it is important to determine whether the heater b suitable for the 
inoreased pressure application and whether the resulting increased outlet temperature is satisfactory . 
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Ratings for Hot Water Type 

A standard for the ratii^ of hot water type unit heaters has also been 
established by code* in which the following items are the basis of rating: 
entering water at 200 F; entering air at ^ F (29.92 in. Hg barometric 
pressure) ; and heater operating free of external resistance to air flow. This 
code also prescribes a method of translating the output in Btu and the 
temperature rise as obtained under test conditions to standard conditions 
of air and water temperature. 

Ratings for Electric Type 

Electric type unit heaters are available in sizes up to at least 60 kw 
capacity. They consist of resistance type heating elements combined with 
fan and motor, together with a suitable casing. Electric unit heaters are 
made in the built-in-wall model, suspension model, and free-standing or 
portable model. 

Electric unit heaters are rated on the energy input to the heater, expressed 
in terms of kilowatts, Btu or EDR. Quite often all three ratings are given 
in parallel columns in the catalogs. 

Ratings for Gas Fired T 3 rpe 

Gas fired unit heaters are built in both suspended and floor models with 
either propeller or centrifugal t 3 rpe fans. They are available in a wide 
range of sizes from about 24,000 to over 4,000,000 Btu per hr capacity and 
are usually rated in terms of both input and output according to the 
approval requirements of the Ammcan Standards Association. Any gas 
fired unit which is thermostatically controlled and has a pilot must have 
an element in the pilot flame which will automatically close the gas valve 
on pilot failure. 

Ratings for Oil Fired Type 

The oil fired type of unit heater is usually equipped with the centrifugal 
type of fan only and can be obtained in sizes ranging from 125,000 to 

1.650.000 Btu per hour output capacity in standard units. It is furnished 
in either the floor mounted or in smaller sizes in the suspended type. 

Ratings for Coal Fired Type 

The stoker fired type of unit heater can be obtained in ranges of from 

300.000 to 6,000,000 (or more) Btu per hour output capacity. Ratings 
are based upon the delivered output at the heater outlet. 

Effect of Resistance Upon Capacity 

Unit heaters are customarily rated as free delivery t3rpe units. If out- 
side air intakes, air filters, or ducts on the discharge side are used with the 
unit, a r^uction in air and heating capacity will result because of this 
added resistance. The percentage of this reduction in capacity will depend 
upon the characteristics of the heater and on the type, design and speed 
of the fans, so that no specific percentage reduction can be assigned for all 
heaters at a given added resistance. In general, however, propeller fan 
type units will experience a larger reduction in capacity than housed cen- 
trifugal fan units for a given added resistance and a given heater will have 
a larger reduction in capacity as the fan speed is lowered. The heat output 
to be expected under other than free delivery conditions should be secured 
fnnn the manufacturer. 
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Inlet, Outlet and Space Tempeiatorea with Unit Heaters 

In the selection of unit heaters for any particular design, consideration 
should be given to the temperature of air entering the heaters as well as 
the temperature to be maintained in the working zone of the space. In 
general, the temperature differences per foot of elevation, when using unit 
heaters, are less than corresponding variations when using direct radiation*. 
High velocity units will maintain slightly lower temperature differences 
than low discharge velocity units. Correspondingly, units with lower dis- 
charge air temperature will maintain lower temperature differences than 
units with higher discharge temperatures. Directional control of the dis- 
charged air from a unit heater can be an important factor, added to qualities 
of reasonably good outlet velocity and outlet temperature, in effecting 
satisfactory distribution of heat and reducing floor-to-ceiling temperature 
difference. 

Since the outlet temperature of air from a unit heater increases with the 
temperature of the heating medium, such as high pressure steam, heaters 
can be obtained with heating elements having less than the regular amount 
of heating surface in order to obtain, with the high temperature heating 
medium, approximately the same leaving air temperature as would be ob- 
tained from a lower temperature heating medium. 

When some outside air is introduced, the temperature of the mixture of 
outside and recirculating air must ‘be calculated and used as the entering 
air temperature at the heater. Unit heaters connected in this manner per- 
form the function of unit ventilators. For a discussion of this function see 
the section of this chapter entitled Unit Ventilators. 

For recirculating heaters located at the floor or with intakes at the floor, 
the temperature of air entering the heater should be assumed to be the same 
as that to be maintained in the room itself. 

Automatic Control of Unit Heaters 

Thermostatic control of imit heaters may be accomplished either by 
starting and stopping the fan or by controlling the flow of the heating 
medium to the heating element. If the fan is controlled, it is advisable to 
provide a temperature-operated switch to prevent the fan from starting 
until the heating element is heated throughout. 

Unit heaters may be used in summer as a means of circulating air to give 
some measure of comfort due to air motion. In such cases the heating ele- 
ment should be shut off from the source of heat. The thermostat which 
prevents the fan from starting until the heating element is heated, should 
^ provided with a by-pass switch, which, upon being closed, will permit 
the fan to be operated independently of the heating element. 

Location of Unit Heaters 

Care should be taken in the location of unit heaters to insure free air 
circulation to the intake. The best arrangement is to locate units so that 
they discharge air nearly parallel to exterior walls, and in a direction which 
will produce a rotational circulation around the room. This is preferable 
to directing the discharge against the outside w'alls. 

Various types and makes of unit heaters are illustrated in the Catalog 
Data Section of this edition. As hot blasts of air in working zones are 
usually objectionable, heaters mounted on the floor should have their dis- 
charge outlets above the head line, and suspended heaters should be placed 
in such manner and tiimed in such direction that the heated air stream will 
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not be objectionable in the working zone. In the interest of economy, how- 
ever, the elevation of the heater outlet and the direction of discharge should 
be so arranged that the heated air is brought as close above the head line 
as possible, yet not into the working zone. 

In connection with the use of vertical type unit heaters, care must be 
exercised in the selection of the heater. It has been found ^at the higher 
the unit is placed above the floor, the lower must be the outlet temperature 
of the air leaving the heater in order that the heated air may be forced into 
the occupied zone. 

Determining Unit Heater Requirements 

The formulas given in the section on Unit Ventilators may be used to 
determine unit heater capacity requirements. 



Fig. 6. Unit Heater Connection to 
One-Pipe Gravity Steam System 


PIPING CONNECTIONS FOR STEAM UNIT HEATERS 

Piping connections for steam unit heaters are similar to those for other 
types of fan blast heaters. The piping of unit heaters must conform strictly 
to the system requirements while at the same time permitting the heaters 
themselves to function as intended. The basic piping principles for steam 
systems are discussed in Chapter 23. 

Rapid condensation of steam, especially during heating-up periods, is 
characteristic of this type of equipment. The return piping must be 
planned to keep the heating coil free of rapid condensation, while the steam 
piping must be ample to carry a full supply of steam to the unit to take the 
place of that condensed. Adequate sizes of piping are especially important 
where a unit heater fan is operated imder start-and-stop control and where 
all or part of the air is taken from the outside. In such installations the 
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condensation rate may vary rapidly and the necessity for ample pipe capac- 
ity is particularly important. 

A method of connecting a unit heater to a one-pipe gravity system is 
illustrated in Fig. 5. In cases where the return main is located above the 
boiler water line, an artificial water line must be cheated by providing an 
equalizing loop to prevent steam passing into the return and thus into other 
units. 

A piping arrangement where both the air and condensate pass through a 
common return to a boiler, with vent trap or condensate pump and receiver, 
is shown in Fig. 6. The traps must pass air and condensate rapidly to keep 
the return piping partially full of water. 

Since unit heaters are often constructed with sufficient strength, the use 
of high pressure steam in them is a common practice. As shown in Fig. 7 
the condensate and air reach the return overhead through traps, and check 
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Fig. 6. Unit Heater Connection for Vacuum or Vapor System 
Discharging Condensation into Dry Return 

valves are located in the return piping. It is, however, preferable to locate 
the high pressure return below the heater. 

For two-pipe closed gravity return systems, the return from each unit 
should be fitted with a heavy duty or blast trap, and an automatic air valve 
should be connected into the return header of each unit heater. Provisions 
must be made to compensate for the pressure drop by elevating the unit 
heater above the water line of the boiler or of the receiver. 

In pump and receiver systems the air may be eliminated by individual 
air valves on the heaters, or it may be carried into the returns as in vacuum 
systems and the entire return system be free- vented to the atmosphere, pro- 
vided all units, drip points, and radiation are properly trapped to prevent 
steam entering the returns. 

On vacuum or open vent systems the return from each unit should be 
fitted with a large capacity trap to discharge the water of condensation and 
with a thermostatic air valve for eliminating the air, or with a heavy-duty 
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trap for handling both the condensation and the air, provided the air finally 
can be eliminated at some other point in the return system. 

For high pressure ^sterns the same kind of traps may be used as with 
vacuum systems, except that they must be constructed for the pressure 
used. If the air is to be eliminated at the return header of the unit, a high 
pressure air valve can be used; otherwise the air may be passed with the 

condensate through the high-pressure return trap, and then eliminated at 

some other point in the system. 

Fig. 8 represents the connections to a hot water heating i^stem. The air 
vent is not required if the main is above the heater and air can be eliminated 
through the piping system. 



Fig. 7. Method or Connecting Unit Fig. 8. Method of Connecting Unit 
Heateb to High Pbebsube System Heateb to Hot Wateb System 


BOILER CAPACITY FOR STEAM UNIT HEATERS 

The capacity of the boiler should be based on the rated capacity of the 
imit heaters at the lowest entering air temperature and highest fan speed 
that will occur, plus an allowance for pipe line losses. It is unwise to 
install a single unit heater as the sole load on any boiler, particularly if 
the unit heater motor is started and stopped by thermostatic control. The 
wide and sudden fiuctuations of load that occur under such conditions 
would require closer attention to the boiler than is usually poraible in a 
amall ins talla tion. Where oil or gas is used to fire the boiler, it is possible 
by means of a pressurestat to control the boiler, in response to this rapid 
fluctuation. In most cases, and particularly where the boiler is coal-fired, 
it is advisable to use two or more smaller unit heaters instead of one large 
unit. 

Steam pressures below 5 lb can be used with safety for recirculating unit 
heaters when their heating surfaces are designed for those pressures, and 
whoi proper provision is made for returning the condensate. If units 
admit air that may be at a temperature below freezing, a steam pressure of 
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not less than 5 Ib should be maintained on the heating element, or a corre- 
sponding differential in pressure between the supply and returns should be 
maintained by means of a vacuum. 

UNIT VENTILATORS 

A unit ventilator is essentially a unit heater equipped with dampers for 
introducing outdoor and recirculating air in varying quantities, and 
arranged with a system of control that permits the heating effect to be 
varied with the fans operating continuously. Either steam or forced hot 
water may be employed as the heating medium, although steam is the more 
common. Unit ventilators are intended primarily for use in schools, meet- 
ing rooms, offices or other applications where the density of occupancy 
indicates the need for ventilation. In normal operation, the discharge air 
temperature from a unit ventilator is varied in accordance with the room 



Fio. 9. Ttpical Unit Ventilators Showing Two of Many Arrangements 
OF Dampers and Heating Coils 

demands. Where a heating effect is required, the air delivered is above 
room temperature. Where the heat generated within the room by occu- 
pants, sim, etc., is sufficient to cause overheating, then the air deliveiy tem- 
perature must be below that of the rooms. It is customary to equip unit 
ventilators with control devices that prevent the delivery of air at a tem- 
perature that will cause cold drafts. Unit ventilators may be of the radia- 
tor or damper controlled type constructed on the blow-through or 
draw-through principle as illustrated in Fig. 9. 

Ratings of Unit Ventilators 

Unit ventilators of the steam tsrpe are customarily cataloged with two 
ratings, one the input and the other the output capacity. The first is the 
heat input to the unit which is determined by measuring the temperature 
and quantity of condensate and the pressure and quality of the steam. 
The second is the heat output of the unit which is determined by measuring 
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Table 3. Typical Capaoitzbb of Unit Vbntilatobs 
FOB AN Entering Air Temperature of Zero 


Cubic Fbbt of Aib pxr Minutb 

1 

1 

CaPACXTT AVAIX.ABX.B FOB 

Final Aib 
Tbmpbbatubb 

F Dbg 



Squabb Fbbt, 
Equzvalbnt Di- 
BBCT RaOXATION 

Hbatinq thb Room, Squabb 
Fbbt Equivalbnt Dxbect 
Radiation 

Anemometer 

Rating 

Condensate 

Rating 

760 

500 

214 

56 

95 

1000 

750 

320 

84 

95 

1260 

1000 

427 

112 

95 

1560 

1250 

534 

141 

95 


the quantity of air delivered and the temperature of the air to and from 
the imit. Table 3 shows the air handling capacities by the two methods 
of rating^ and also the approximate heating data. In accordance with the 
A.S.H.V.E. Standard Code for Testing and Rating Steam Unit Ventilators 
the information to be supplied regarding ratings and the basis of rating is 
the following: 

Rating Factors to Be Specified, The rating of the unit ventilator shall specify the 
following: 

a. Final temperature at different entering air temperatures. 

h. Total EDR at different entering air temperatures. 

c. Air delivered by the unit in cubic feet per minute at the standard basis of rating 
with the fans operated at rated speed, with all air being blown through the 
heating unit and with the standard louver and grille on the outlet. 

The Standard Basis of Rating shall be as follows: 

a. Dry saturated steam at a temperature at the unit corresponding to an absolute 
pressure of 16.7 psi (218.5 F). 

h. Entering air temperature of zero Fahrenheit degrees. 

c. Volume delivered in cubic feet per minute converted to standard air at 70 F. 

Rating Tables for unit ventilators shall contain the following data in addition to 
the standard rating, for entering air temperatures from —30 F to +60 F: 

a. Inlet temperature, Fahrenheit degrees. 

b. Final temperature, Fahrenheit degrees. 

c. Total EDR at the specified entering temperature. 

d. Surplus or heating EDR at the specified entering temperature. 

Surplus or Heating Equivalent Direct Radiation for the purposes of this code shall 
be construed to mean difference between the total EDR at a specified inlet temper- 
ature and the EDR required to heat the air from that temperature to 70 F. 

If no direct heating surface (radiation) is installed to take care of the 
normal heat transfer losses, and the unit ventilator is to be used for both 
heating and ventilation, then the combined requirements must be taken 
care of by the unit ventilator. 

Heat Required for Ventilating Only 

When all of the air handled by the unit is taken from the outside, the 
total heat to be supplied is obtained by means of Equations 1, 2, 3, and 4. 


ly - 0.24 IF (t, - t) 

(1) 

Uy « 0.24 W {t- to) 

(2) 

Ht » 0.24 W (tj - to) ^ H + Hr 

(3) 

W ^ d60Q 

(4) 


From Equations 2, 3, and 4 : 
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d » density of air, pounds per cubic foot (0.075 lb per cu ft for Standard Air by 
definition). 

H = heat loss of room, Btu per hour. 

Hy — heat required to warm air for ventilation, Btu'^per hour. 

Ht = total heat requirements for both heating and ventilation, Btu per hour. 
Q » volume of air handled by the ventilating equipment, cubic feet per minute. 
i s temperature to be maintained in the room, Fahrenheit degrees. 

~ outside temperature, Fahrenheit degrees. 
ty = temperature of the air leaving the unit, Fahrenheit degrees. 

W — weight of air circulated, pounds per hour. 

0.24 = specific heat of air at constant pressure (approximate value). 


Example 1, The heat loss of a certain room is 24,000 Btu i^r hour, and the venti- 
lating requirements are 1000 cfm. If the room temperature is to be 70 F and all air 
is takien from the outside at zero, what will be the total heat demand on the unit if 
it is rec]|uired to provide for both the heating and ventilating requirements (combined 

Solution, Substituting in Equation 5: 




24,000 + 0.24 X 0.075 X 60 X 1000 (70 - 0) « 99,600 Btu per hour 


24,000 

0.24 X 0.075 X 60 X 1000 


70 « 92.2 


Heat Required for Ventilating and Recirculating 

When part of the air handled by the unit is taken from the room and the 
remainder from the outside, 


, {ty - to) + 0.24 Wi {ty - t) (7) 

Wo^doQOQo ( 8 ) 

IF. = di 60 Oi (9) 


Ht-- H + 0.24 do 60 Qo {t - Q (11) 

where 

Wo — weight of air, pounds per hour taken from out-of-doors. 

Wi = weight of air, pounds per hour taken from the room, 
do = density of air, pounds per cubic foot at temperature to, 
di = density of air, pounds per cubic foot at temperature t, 

= volume of air taken in from the outside, cubic feet per minute. 

Q, = volume of air taken in from the room, cubic feet per minute. 

Applications of Unit Ventilators 

Items to be considered in the application of unit ventilators are: (1) 
combination with other means of heating, (2) location of units, and (3) 
method of venting or exhausting. 

In a split system the unit is used primarily for ventilation. Air is 
delivered to the room at or slightly above room temperature, and enough 
radiation is installed in the room to take care of the normal heat transfer 
losses. Where the unit ventilator selected has a capacity more than suffi- 
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cient to warm the air needed to meet the ventilating requirements, a corre- 
spondii^ reduction may be made in the amount of direct radiation installed. 
The greater the amount of excess capacity of the unit, the more ^cient 
will be the temperature relation of the room. The split system permits 
the heating of the room during failure of electric current, since the direct 
radiators will furnish heat, but it permits a careless operator to avoid oper- 
ating the ventilating equipment. 

The combined intern employs a unit ventilator with sufficient capacity 
for both ventilation and the normal heat transfer losses. In such a case 
no direct radiation is required. The necessary operation of the fan when 
the room is being heated also gives assurance that some ventilation is being 
provided, especially if automatic dampers are used in the air intake and in 
the recirculating intake. These dampers are arranged to provide a certain 
quantity of outside air, depending upon the weather conditions. The cost 
of installation of a combined system is usually less than that of a split sys- 
tem and there is less danger of overheating, but if the electric ener^ fails 
there will be available only the heating effect of the units acting as 
convectors. 



Fio. 10. Typical. Window Vbntilatob 


Location of Unit Ventilator 

The location of the unit ventilator in a room is important. Wherever 
posdble it should be placed against an outside wall and on the center line 
of the room. It is difficult to obtain proper air distribution if the unit is 
installed either on an inside wall or in a comer of the room. Standard units 
discharge the air stream upward, but for special cases units may be installed 
to discharge air horizontally. Units may be set away from the wall or 
partially recessed into the wall to save space without materially affecting 
the results. The air inlet may enter the cabinet at the back at any point 
from top to bottom. 

Air Ediaust Vents and Flues 

The size and location of the air exhaust vent* outlet is important. In 
many cases the sizes for public buildings are r^ulated by law. 

In cases where no codes govern, the location and mze of vents are left to 
the discretion of the engineer. 

Best results have been obtained with a velocity through the vent open- 
in|^ nearly equal to that at which the air is introduced into the room, thus 
maintaining a slight pressure in tire room. Calculated velocities at the 
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vent openings of from 600 to 800 fpm produce the best diffumon results 
from this system. Many states, however, have regulations that will not 
permit velocities as high as 800 fpm. If a vent opening at or near the 
floor is near a desk or place where a person is seated, a velocity of 800 fpm 
in the vent opening vdll produce an. objectionable draft. In such a case 
the velocity in the vent opening should not exceed 400 to 450 fpm, although 
duct velocities are maintained at 600 to 800 fpm if codes permit. 

In school buildings provided with wardrobes or cloakrooms the vents 
may be so located that the air shall pass through these spaces, ventilating 
them with air which otherwise would be passed to the outside without being 
used to the best advantage. Many state codes for ventilation of public 
buildings make this arrangement mandatory. 

WINDOW VENTILATORS 

A window ventilator illustrated in Fig. 10 consists of Alter and switch 
controlled motor driven fans enclosed in a cabinet to be mounted on the 
window sill. Such units accomplish ventilation, air cleaning, and air cir- 



Fio. 11. Ttpicai. Unit Huuidifier of the Sprat Ttpe with Steah 
Coil to Preheat the Air for Residences 


culation, but have no means of heating the air. The direction of air dis- 
charge is manually adjustable for seasonal operation. 

UNIT HUMIDIFIERS 

Unit humidifiers fall into four general classifications, depending on the 
method of causing evaporation. These are as follows: (1) Nozzle Type, 
(2) Rotary Type, (3) Cascade Type, and (4) Heater Type. 

In the nozzU type of humidifier water is sprayed into the air and evapo- 
ration is effected by adiabatic exchange of energy. Units of this type in 
simplest form spray a fine mist of water directly into the air in a space. 
They are used to a great extent in the textile industry. 

To the simple type of nozzle unit may be added the following accessories : 
a water heater whose function is to increase the vapor pressure, an air 
heater to heat the air either before or after humidification takes place, a 
screen or air filter over which the water is sprayed and through wMch the 
air is drawn for intimate contact with the water, a fan to create an air 
stream and to deliver air to the space to be humidified, and a housing to 
enclose all the elements. This type of unit has been made in practically 
all of the variations mentioned. _ It has the disadvantage of clogging the 
nozzles and must be serviced continually. 

Fig. 11 illustrates a nozzle unit having a humidifying capacity sufficient 
for a residence or small building. These units usually include air filters 
and in some cases provide ventilation air by means of an outside air duct 
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connection to the unit. The units are constructed for either floor or ceiling 
mounting and are usually placed in a central location in the basement with 
short supply and return duct connections from the first floor. Room air 
is brought into the unit through the return duct connection, is passed over 
a tempering coil heated by steam or hot water, and is then humidified by 
passing through some type of spray humidifier. Surplus moisture is re- 
moved by an eliminator and the humidified air is delivered to the room 
through a duct connection. Since a large percentage of the tempering coil 
capacity is transformed into latent heat during the humidifying process, 
the unit does not generally eliminate any existing steam radiation but docs 
tend to improve comfort conditions by suppl3dng heat during the off-period 
of furnace operation^. 

In the rotary type of humidifier the spray is created by rotating vanes or 
discs which throw the water by centrifugal force and in so doing break it 
up into a fine mist. In all other respects, this type of humidifier is similar 
to the nozzle tjrpe. It has the advantage over the nozzle type of being less 
liable to become clogged. 

In the cascade type the humidification takes place by water falling in 
sheets over a series of baffles or trays. This type is usually furnished with 
a fan, air heater, and air filter all enclosed in a housing. 

In the heaJter type of humidifier the water is heated either to the boiling 
point or to a temperature at which the water vapor readily passes into the 
air stream. There are many variations of this type of humidifier. In the 
simplest form the heating element using steam, hot water, gas, oil, or elec- 
tricity is placed in a pan or vessel of water and the vapor passes from the 
surface of the water to the stream of air. 

A modification of this type of humidifier is the combination of spray 
nozzle and heater type in which the water is sprayed over a hot surface and 
evaporated. It has the disadvantage of accumulating scale on the surfaces 
of the vessel or heating surface. 

For a discussion of various methods of humidification see Chapter 37. 
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Flange Facings and Gaskets, Welding in Erection of Piping, 

Valves 


I MPORTANT considerations in the selection and installation of pipe 
and fittings for heating, ventilating, and air conditioning are dealt with 
in this chapter. 

PIPE MATERIALS 

Use of corrosion-resistant materials for pipe, including special alloy 
steels and irons, wrought-iron, copper, and brass, has increased considerably 
during the past few years. The recent development of copper, brass, 
and bronze fittings which can be assembled by soldering or sweating per- 
mits the use of thin-wall pipe and thereby has reduced the initial cost of 
such installations. The following brief discussion indicates the variety of 
pipe materials and the types of pipe available. 

Wr(yught-Steel Pipe. Because of its low price, the great bulk of wrought 
pipe used for heating and ventilating work at the present time is of wrought 
steel. The material used for steel pipe is a mild steel made by the acid- 
bessemcr, the open-hearth, or the electric-furnace process. Ordinaiy 
wrought-steel pipe is made either by shaping sheets of metal into cylindri- 
cal form and welding the edges together, or by forming or drawing from a 
solid billet. The former is known as welded pipe, the latter as seamless 
pipe. 

Many types of welded pipe are available, although the smaller sizes 
most frequently used in heating and ventilating work are made by the 
lap-weld, resistance-weld, or butt-weld process. While the lap-weld and 
resistance-weld processes produce a better weld than the butt type, lap- 
weld and resistance-weld pipe arc seldom manufactured in nominal pipe 
sizes less than 2 in. Seamless pipe can be obtained in the small sizes at a 
somewhat higher cost. 

Seamless steel pipe is frequently used for high pressure work or where 
pipe is desired for close coiling, cold bending, or other forming operations. 
Its advantages are its somewhat greater strength which permits use of a 
thinner wall and, in the small sizes, its freedom from the occasional tendency 
of welded pipe to split at the weld when bent. 

Wrought-Iron Pipe. Wrought-iron pipe is claimed to be more corrosion- 
resisting than ordinary steel pipe and therefore its somewhat higher first 
cost is said to be justified on the basis of longer life expectancy. Wrought- 
iron pipe may be identified by the spiral line marked into each length, 
either knurled into the metal or painted on it in red or other bright color. 
Otherwise, there is little difference in the appearance of wrought iron and 
steel pipe, although microscopic examination of polished and etched speci- 
mens will readily disclose the difference. 

Cast-Ferrous Pipe. There are now available several types of cast-ferrous 

661 
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metal pipe made of a good grade of cast-iron with or without additions of 
nickel, chromiiun, or other alloy. This pipe is available in sizes from H 
in. to 6 in., and in standard lengths of 5 or 6 ft, with external and internal 
diameters closely approximating those of extra strong wrought pipe. Cast- 
ferrous pipe may be obtained coupled, beveled for welding, or with ends 
plain or grooved for the several types of couplings. It is easily cut and 
threaded as well as welded. The fact that it is readily welded enables the 
manufacturers to supply the pipe in any lengths practicable for handling. 

AVay Metal Pipe, Steel pipe bearing a small alloy of copper or other 
alloying element and iron pipe bearing a small amount of copper and molyb- 


Tabui 1. Diubnsions or Schedules 30 and 40 and Standard Weight Pipe* 
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473.906 

0.132 

H 

1050 

0.824 

0.113 

1.130 

1.134 

14 

3.299 

2.589 

0.866 


0.333 

3.637 

4.635 


0.231 


1.315 

1.049 

0.133 

1.678 

1.6S4 

IIM 

4.131 

3.296 

1.358 


0.494 


3.641 

166.618 

0.375 

IH 

1.660 

1.380 

0.140 

2.272 

2.281 

IIH 

5J215 

4.335 

2.164 

1.495 

0.669 

2.301 

2.768 

96.275 

0.65 

IH 


1.610 

0.145 

2.717 

2.731 

ll'A 

5.969 

5.058 

2.835 

2.036 

0.799 


mwm 


0.88 

2 

2.375 

2.067 

0.154 

3.652 

3.678 

IlH 

7.461 

6.494 

4.430 

8.355 



1.847 

42.913 

1.45 

2H 

2.875 

2.469 


5.793 

5.819 

8 

9.032 

7.757 

■7PM 

4.788 

1.704 

1.32S 


mima 




3.06N 

0.218 

7.57.') 

7.616 

8 

10.996 

9 638 

9.621 

7.393 

2.228 

1.091 

1.245 

19.479 

EES 

2H 


3.548 

0.228 

9.109 

mWm 

8 

12.566 

11 146 

12.566 

9.886 

2.680 

0.954 

mg] 

14.565 

EES 

4 



0.237 

10.790 

10.880 

8 

14.137 

12.648 

15.904 


3.174 

0.848 

0.948 

11.312 

5.50 

6 

5.563 

5.047 

0.258 

14.617 


8 

17.477 

15.856 

24 306 


MMn 

0.686 

0.756 

7.198 

8.67 

6 

6.625 

6.065 

0.280 

18.974 

19.185 

8 

20.813 

19.054 

34.472 

28.891 

5.581 

0.576 

0.629 

4.984 

12.51 

8c 

8.625 

KfiSI 

0 277 

24.690 


8 


25.356 

58.426 

51.161 

7.265 

0.443 

0.473 

2 815 

22.18 

8 

8.625 

7.981 

0.322 

28.554 

28.809 

8 





8.399 

0.443 

0.478 

2.878 

21.70 

IOC 


10.136 

0.307 

34.240 


8 

33.772 

31.843 


80.691 


0.355 

0.376 

1.785 

34.95 

10 

1C.750 

UjljWjJ 

0.365 

40.483 

41.132j 

8 

33.772 

31.479 

90.763 

78.855 

11.908 

0.355 

0.381 

1.826 

34.20 

12C 

12.750 

12.090 


43.773 


8 

40.055 

37.982 

127.676 

114.800 

12 876 

0.299 

0.315 

1.254 

49.70 

12 


umi 

0.375 

49.562 


8 

40.055 


127.676 

113.097 

14:579 

0.299 

0.318 

1.273 

49.00 


* Standard-weight wrought-iron pipe has approximately the same wall thiekneesea and weighta as eon- 
tained herein for steel pipe. For exact dimensions, see ilmertcan Standard for Wrought-Iron and Wrought- 
Steel Pipe, A. 8. A. B36.10. 

^ Thioknesses shown in bold face type are identical with thicknesses for Schedule 40 pipe of A. 8. A. B36.10. 

* Same as Schedule 30, A.S.A. B36.10. 

denum have been claimed to possess more resistance to corrosion than plain 
steel pipe and they are advertised and sold under various trade names. 

Copper Pipe and Fittings. Owing to inherent resistance to corrosion, 
copper and brass pipe have always been used in heating, ventilating, and 
water supply installations, but the cost with standard dimensions for 
threaded connections has been high. The recent introduction of fittings 
which permit erection by soldering or sweating allows the use of pipe with 
thinner walls than are possible with threaded connections, thereby reducing 
the cost of installations. 

The initial cost of brass and copper pipe installations generally runs 
higher than the corresponding job with steel pipe and screwed connections 
in spite of the use of thin wall pipe, but the corrosive nature of the fluid 
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conveyed or the inaccessibQity of some of the piping may warrant use of 
a more exj^sive material than plain steel. The advantages of corrosion- 
resisting pipe and fittings should be weighed against the correspondingly 
higher initial cost. 

* 

COMMERCIAL PIPE DIMENSIONS 

The two wei^ts of steel and wrought-iron pipe commonly used are known 
as standard weight and extra strong, which correspond to Schedules 40 and 
80, respectively, of the American Standard for Wrought-Iron and Wrought- 
Steel Pipe, A.S.A. B36.10. The same external diameter is used for both 


TabiiK 2. Stanoabd Weiqrts and Dimensions of 
Welded and Seamless Steel Pipe* 


Sm 

OimiDa 
Duin- 
TBH, In. 

No. OF 
Trnbaor 

PsalN. 

Standaro-Wsiobt PlPl 

Extea-Strong Fipb 

Doubln Extra* 
Strong Pirab 

Schedule 30 

Schedule 40 

Schedule 60 

Schedule 80 

WaU 

Thick* 

ness 

In. 

Weight 

*TLb‘’ 

Plain 

Ends 

WaU 

Thick- 

nm. 

In. 

WHght 

TAC 

Wan 

Thick- 

nefli. 

In. 

Wn^t 

T&C 

Wall 

Thiek- 

Weight 

Plain 

Ends 

Wall 

Tkick- 

n^ 

In. 

Wei^t 

pprFt, 

Lb 

Plain 

Ends 

H 


27 



0.068 

0.25 



0.095 

0.31 




0.540 

18 





0.088 

0.43 



0.119 

0.54 





}i 

0.675 

18 



0.091 

0 57 



0.126 

0.74 



u 

0.840 

14 

— 



0.109 

0.85 

— 



0.147 

1.09 

di94 

1.71 

H 

1.050 

14 



0.113 

1.13 



0.154 

1.47 

0.308 

2.44 

1 

1.315 

UK 



0.133 

1.68 



0.179 

2.17 

0.358 

3.66 

IK 

1.660 

UK 


..... 

0.140 

2.28 




0.191 

3.00 

0.382 

5.21 

IH 


UK 




0.145 

2.73 




0.200 

3.63 

0.400 

6.41 

2 

2.375 

UK 



0.154 

3.68 




0.218 

5.02 

0.436 

9.03 

2H 

2.875 

8 



0.203 

5.82 

........ 


0.276 

7.66 

0A52 

13.70 

8 

3.500 

8 




0.216 

7.62 




0.300 

10.25 


18.58 

SH 


8 




0.226 

9.20 

... 


0.318 

12.51 


22.85 

4 

4.500 

8 




0.237 

10.89 



0.337 

14.98 

0.674 

27 A4 

6 

5.563 

8 



0.258 

14.81 



0.375 

20.78 

0.750 

38A5 

6 

6.625 

8 



0.280 

19.19 



0.432 

28.57 

0.864 

53.16 

8 

8.025 

8 

0.277 

25.00 

mhum 

28.81 



0.500 

43.39 

0.875 

72.42 

10« 

10.750 

8 

0.307 

35.00 

0.365 

41.13 

oi()b 

54.74 







12<l 

12.750 

8 

0.330 

45.00 

0.375 

60.71 

0.500d 

65.41 






— 


From Standard Specificationa for Welded and Seamless Steel Pipe of the Anuriean Society for Teatiny 
MaUrialt, A.S.TM, Designation A120. 

* Sites larger than those shown in the table are measured by their outside diameter, such as 14 in. outside 
diameter, etc. These larger sises will be furnished with plain ends, unless otherwise specified. The weights 
will correspond to the manufacturers* published standards although it is possible to calculate the theoretical 
weights for any given site and wall thickness on the basis of 1 cu in. of steel weighing 0.2833 lb. 

^ The American Standard for Wrought>Iron and Wrought*Steel Pi];>e A.S.A. B36.10*1930 has assigned no 
schedule number to Double Extra-Strong pipe. 

A 10 in. Standard Weight pipe is also available with 0.279 in. wall thickness, but this wall is not covered 
by a Schedule Number. 

^ Owing to a departure from the Standard-WeigU and Extra-Strong wall thicknesses for the 12 in. nominal 
sise, ^hedules 40 and 60, Table 2 of the A.S.A. B36.10-1939, Standard for Wrought-iron and Wrought-Steel 
Pipe, the regular Standard and Extra-Strong wall thicknesses (0.376 in. and 0.600 in.) have been substituted. 


weights of each nominal size for manufacturing reasons as well as to afford 
interchangeability in threading, and other elements associated with fabri- 
cation and erection. Hence the difference in wall thickness is accom- 
panied by a corresponding change in inside diameter. In sizes up to 14 
in., pipe is designated by its nominal size which corresponds roughly to the 
inside diameter of Sch^ule 40 pipe. In sizes 14 in. and upward, pipe is 
designated by its outside diameter (O.D.), and the wall thickness is speci- 
fied. 

While the demands for pipe for the heating and ventilating industry are 
reasonably well served by Schedule 40 (standard weight) pipe, the erection 
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of pipe by welding sometimes warrants using lighter wall ^icknesses. 
The considerations governing pipe wall thickness and its relation to joint 
design are covered in the American Standard Code for Pressure Piping, 
A.S.A. B31. 1-1942, see Section 122. Standard schedules of pipe thick- 
nesses are contained in the American Standard for Wrought-Iron and 
Wroughi-Steel Pipe, A.S.A. B36.10, which includes standard-weight and 


Table 3. Standabd Dimensions and Weiqhts, and Tolerances in Diameter 
AND Wall Thickness for Copper Water Tubes* 

(AU idUraneet in this idtU are plue and minua except ae otherwiae indicated) 




Average Out- 
side Diaheter 


Wall Tbicknebb In. 



Theoretical 

Weight, 

Lb per Ft 

Stamdabd 

Water 

Tube 

Sm, In. 

Actual 

OUTBIOE 

Tolrrance. In. 

TtpeK 

TtpeL 

TtpeM 




DtAMETEB 

In. 

Annesled 


Dnwn 

Temper 

Nomlnsl 

Tolerance 

Nominal 

Tolerance 

Nominal 

1 

& 

TypcL 

Type M 

H 

0.250 



0.032 

0.003 

0.025 


0.025 




0.0GS 

w 



ilriil 

0.032 

0.004 


■tXlfiKiE 

0.025 


■iiBJ 

0.126 

0.107 





0.049 

0.004 



0.025 


0.269 

0.198 

0.145 

H 




0.049 

0.004 



0.028 


0.344 

0.285 

0.204 

H 

0.750 

0.0025 


0.049 

0.004 

0.042 

BBS 



0.418 

0.362 

0.263 

H 

0.875 

0.003 

iVnjl 

0.065 

0.0045 

0.045 

■nfrltB 

0.032 


0.641 

0.455 

Efioj 

1 

1.125 


nmW 

0.065 

0.0045 

0.050 


0.035 


Emm 

0.655 


IH 

U75 



0.065 

0.0045 

0.055 


0.042 


1.04 

0.884 


IH 

1.625 



0.072 

0.005 

0.060 


0.049 


1.36 

1.14 


2 

2.125 



0.083 

0.007 

0.070 

■iVtMiB 

0.058 

■iTriua 

2.06 

1.75 

1.46 

2 H 

2.625 


iIiSyE 

0.095 

0.007 

0.080 

■iViliiil 

0.065 


2.93 

2.48 


3 

8.125 


iKjJJ 

0.109 

0.007 

0.090 

luyfl 

0.072 


4.00 

3.33 

2.63 

8H 

8.625 


0.002 

0.120 

0.008 

0.100 


0.083 


5.12 

4.29 

3.58 

4 

4.125 

tsia 

0.002 

0.134 

0.010 

0.110 




EMl 


4.66 

5 

5.125 


0.002 


0.010 

0.125 


0.109 

■iViiiiB 

9.67 

7.61 

6 66 

6 

6.125 


0.002 

+0.002 

0.192 

0.012 

0.140 


0.122 

0.010 

13.0 

10.2 

8.92 

8 

8.125 

0.006 

-0.004 

+0.002 

0.271 

0.016 

0.200 




25.9 

19.3 

16.5 

10 

10.125 

0.008 

-0.006 

+0.002 

0.338 

0.018 

0.250 


0.212 


40.3 

30.1 

25.6 

13 

12.125 

0.008 

-0.006 

0.405 

0.020 

0.280 


0.254 


57.8 

40.4 

36.7 


* From Standard Specifioationa for Copper Water Tube of the American Society for Teating MaterkUa 
A.S.TM* Designation B88A1. 

Note 1:— For copper jpts and oil burner tubes, the tolerances shown above for various wall thicknesses 
(type K) apply irrespective of diameter. 

Note 2:— For tubes other than round no standard tolerances are established. These tolerances do not 
apply to condenser and heat exchanger tubes. 


extra-strong thicknesses in Schedules 40 and 80, respectively, and eight 
other schedules of varying wall thickness to provide for different service 
conations. Dimensions and other useful data for Schedules 30 and 40 
pipe are given in Table 1. Table 2 from A^.TM. Specifications A53 and 
A120 combines the schedule thicknesses of B36.10 and the old 

series designations. 

Standard-weight pipe is generally furnished with threaded ends in random 
lengths of 16 to 22 ft, although when ordered with plain ends, 5 per cent 
may be in lengths of 12 to 16 ft. Five per cent of the total number of 
lengths ordered may be jointers which are two pieces coupled together. 
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Extra-strong pipe is generdly furnished with plain ends in random lengths 
of 12 to 22 ft, although 5 per cent may be in lengths of 6 to 12 ft. 

In addition to IPS copper pipe, several varieties of copper tubing are in 
use with either flared or compression couplings or soldered joints. Dimen- 
sions of copper water tubing intended for plumbing, underground water 
service, fuel-oil lines, gas lines, etc., have been standardized by the U. S. 
Government and the American Society for Testing Materials. There are 


Tabls 4. Thsbhal Expansion of Pipe in Inches peb 100 ft* 

(For tuperheated tteam and other fiuide refer to temperature column) 



temperaWe of 60 F and is to operate at 300 F, the expansion would be 2.610 — 0.593 « 1.026' in. 

three standard wall-thickness schedules of copper water tubing classified 
in accordance with their principal uses as follows : 

Type K— Designed for underground services and general plumbing service. 

Type L — Designed for general plumbing purposes. 

Type M— -Designed for use with soldered fittings only. 

In general, Type K is used where corrosion conditions are severe, and 
Types L and M where such conditions may be considered normal as, for 
instance, in heating work. Types K and L are available in both hard and 
soft tempers; Type M is available only in hard temper. Where flexibility 
is essential as in hidden replacement work, or where as few joints as possible 
are desired as in fuel-oil lines, the soft temper is commonly used. In new 
or exposed work copper pipe of a hard temper is generally used. All three 
classes are extensively used with soldered fittings. 

Standard dimensions, weights, and diameter and wall-thickness toler- 
ances for these classes of copper tubing are given in Table 3. Copper pipe 
is also available with dimensions of steel pipe. 

Refrigeration lines used in connection with air conditioning equipment 
also employ copper tubing extensively. For refrigeration use where tubing 
absolutely free from scale and dirt is required, bright annealed copper 
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tubing that has been deoxidized is used. This tubing is available in a 
variety of sizes and wall thicknesses. 

EXPANSION AND FLEXIBILITY 

The increase in temperature of a pipe from room temperature to an 
operating steam or water temperature 100 deg or more above room tem- 
peratiu% results in an increase in length of the pipe for which provision must 
be made. The amount of linear expansion (or contraction in the case of 
refrigeration lines) per unit length of material per degree change in tem- 
perature is termed the coefficient of linear expansion, or commonly, the 
coefficient of expansion. This coefficient varies with the material. 

The linear expansion of cast-iron, steel, wrought-iron, and copper pipe, 
the materials most frequently used in heating and ventilating work, can 
be determined from Table 4. 

The three methods by which the elongation due to thermal expansion may 
be taken care of are: (1) Expansion joints; (2) Swivel joints; (3) Inherent 


L'ZA+B 
U bend with 
4 fittings 




OffsMUbend 


Fia. 1. Measobement of L on Vabioub Pipe Bends 


flexibility of the pipe itself utilized through pipe bends, right-angle turns, or 
offsets in the line. 

Expansion joints of the slip-sleeve, diaphragm, or corrugated types made 
of copper, rubber, or other gasket material are all used for taking up ex- 
pansion, but generally only for low pressures or where the inherent flexibility 
of the pipe cannot readily be used as in underground steam or hot water 
distribution lines. 

Swivel joints are used to some extent in low-pressure steam and hot- 
water heating s 3 rstems, and in hot-water supply lines. Since swivel joints 
permit the expansive movement of the pipe by turning of threaded joints, 
which may ultimately result in a leak, it is preferable to provide suf- 
ficient flexibility without resorting to swiveling in the threads. 

Probably the most economical method of providing for expansion of 
piping in a long run is to take advantage of the directional changes which 
must necessarily occur in the piping and proportion the offsets so that 
sufficient flexibility is secured. Ninety-degree bends with long, straight 
tangents in either a horizontal or a vertical plane are an excellent means 
for securing adequate flexibility, with larger sizes of pipe. When flexi- 
bility cannot be obtained in this manner, it is necessary to make use of 
some type of expansion bend. The exact calculation of the size of ex- 
pansion bends required to take up a ^ven amount of thermal expansion 
is relatively complicated^ The following approximate method, however, 
has been found to give reasonably good results and is deemed to be suf- 
flciently accurate for most heating installations. 

Fig. 1 shows several types of expansion bends commonly used for taking 
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up thermal expansion. The amount of pipe, L, required in each of these 
bends may be computed from Equation 1. 

L = 6.16 \/i)A (1) 

where * 

L « length of pipe, feet. 

D B outside diameter of the pipe used, inches. 

A « the amount of expansion to be taken up, inches. 

This formula, based on the use of mild-steel pipe with wall thicknesses 
not heavier than extra-strong, assumes a maximum safe value of fiber 
stress of 16,000 psi. When square type bends are used, the width of the 
bend should not exceed about twice the height, since for a given total 
length of pipe in the bend, the height of the bend becomes progressively 
less with increase in width until the height approaches zero and no flexi- 
bility exists. Actually, wide bends utilize to best advantage the inherent 
flexibility of the line, but such bends cannot be proportioned on the basis 
of Equation 1. For such applications, more accurate methods^ should be 
employed. It is further assumed that the corners are made with screwed or 
flanged elbows or with arcs of circles having radii five to six times the pipe 
diameter. Use of welding elbows with radii of 1 J times the pipe diameter 
will decrease the end thrusts somewhat but will raise the fiber stress 
correspondingly. 

All risers must be anchored and safeguarded so that the difference in 
length when hot from the length when cold shall not disarrange the normal 
and orderly provisions for drainage of the branches. 

Proper anchoring of piping is especially necessary with light-weight 
radiators, to allow for freedom of expansion in order that no pipe strain 
will distort the radiators. When expansion strains from the pipes are 
permitted to reach these light metal heaters, they usually emit disturbing 
sounds. 

HANGERS AND SUPPORTS 

Heating system piping requires careful and substantial support. Where 
changes in temperature of the line are not large, such simple methods of 
support may be utilized as hanging the line by means of rods or perforated 
strip from the building structure, or supporting it by brackets or on piers. 

When fluids are conveyed at temperatures of 150 F or above, however, 
hangers or supporting equipment must be fabricated and assembled to 
permit free expansion or contraction of the piping. This can be accom- 
plished by the use of long rod hangers, spring hangers, chains, hangers or 
supports fitted with rollers, machined blocks, elliptical or circular rings of 
larger diameter than the pipe, giving contact only at the bottom, or trolley 
hangers. In all cases, allowance should be made for rod clearance to permit 
swinging without setting up severe bending action in the rods. 

For pipes of small size, perforated metal strip is often used. For hori- 
zontal mains, the rod or strip usually is attached to the joists or steel work 
of the floor above. For long runs of vertical pipe subject to considerable 
thermal expansion, either the hangers should be designed to prevent ex- 
cessive load on the bottom support due to expansion, or the bottom support 
should be designed to withstand the entire load. 

THREADING PRACTICE 

In all threaded pipe for heating and ventilating installations the American 
Standard taper pipe thread, AM.A. B2.1-1942 is used. This thread is cut 
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Tvith a ta|^ of 1 in 16 measured on the diameter of the pipe so as to secure 
a tight joint. The number of threads per inch varies with the pipe size. 
Threads for fittings are the same, except that it is regi^r practice to furnish 
straight tapped couplings for Schedule 40 pipe 2 in. and smaller. For 
steam pressures in excess of 25 psi, it is recommended that taper-tapped 
couplings be used to obtain a tight joint. These may be secured by ordering 
line pipe* which is used for oil piping, the couplings of which are provided 
with taper-tapped threads and may be used with regular mill-threaded 
standard weight pipe. Thread lengths should be in accordance with 
A.S.A. B2.1. Right-hand threads are used unless otherwise ordered. 
To facilitate drainage, some elbows have the thread tapped at an an^e to 
provide a pitch of the connecting pipe of ^ in. to the foot. These elbows are 



*0UWMY« 




FLARC0-TUBIN6 FITTINGS 

Fig. 2. Copper or Brass Tubing Fittings 

known to the trade as pitch elbows and are commercially available. All 
threaded pipe joints should be made up with a thread paste suitable for the 
service for which the pipe is to be used. 

TYPES OF FITTINGS 

Fittings for joining the separate lengths of pipe together are made in a 
variety of forms, and are either screwed or flanged, the former being 
generally used for the smaller sizes of pipe up to and including 3| in., 
and the latter for the larger sizes, 4 in. and above. Screwed fittings of 
large size as well as flanged fittings of small size are also made and are 
used for certain classes of work at the proper pressure. 

The material used for fittings is generally cast-iron, but in addition to 
this, malleable-iron, steel and steel alloys are also used, as well as various 
grades of brass or bronze. The material to be used depends on the char- 
acter of the service and the pressure. Malleable iron fittings, like brass 
fittings, are cast with a round instead of a flat band or bead, or with no 
bead at all. Fittings are designated as male or female, depending on 
whether the threads are on the outside or inside, respectively. Screwed 
galvanized fittings are made according to the 150 lb American Standard. 
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Tabcb 5. Aiiebican Stanoabd Dimensions of Eiaows, Tees, Gbossbs, and 46 
Deo Elbows, Soldebed-Joint Fittinos, A.iSu1. A40.3>1941 



Nouinal 

Size* 

Cast Bbabc^ 

Wrouobt 

Mral 

Bobi 

OP 

Frtuiqi 

Laying 
Length, 
Tee, Ell, 
and CroBB^ 

Laying 
Length. 
EU With 
External 
Shoulder 

Laying 
Length, 
45 Deg 
EU 

Laying 

LengUi. 

45DcgEU 

External 

Shoulder 

Inside 

Diameter 

of 

Fittings,* 

Min. 

Melal 

ThieknesB^ 

■ 


H 

I 

J 

Q 

0 

T 

R 

TandR 

E, Min. 



Vs 

Hi 

A 

0.31 

0.08 

0.048 

0.030 



Ke 


Hi 

Hi 

0.43 

0.08 

0.048 

0.035 



% 


Hi 

Hi 

0.54 

0.09 

0.054 

0.040 



%i 

'Hi 


A 

0.78 

0.10 

0.060 

0.045 

■nryrw 

1 


% 

Hi 

Hi 

1.02 

0.11 

0.066 

0.050 

1.1285 

IK 

'A 

1 

Hi 

Hi 

1.26 

0.12 

0.072 

0.055 

1.3785 

IK 

1 


A 

% 

1.50 

0.13 

0.078 

0.060 

1.629 

2 


Wh 

Hi 

H 

1.98 

0.15 

0.090 

0.070 

2.129 

2K 

m 

Wi 

A 

A 

2.46 

0.17 

0.102 

0.080 

2.629 

3 

1% 

VA 

% 

1 

2.94 

0.19 

0.114 

0.090 

3.129 

3K 

2 

2H 

A 

lA 

3.42 


0.120 

0.100 

3.629 

4 

2H 


'Hi 

lA 

3.90 


0.132 

0.110 

4.129 

5 

3H 


iHi 


4.87 


0.168 

0.125 

5.129 

6 


— 

m 


5.84 

BH 

0.204 

0.140 

6.129 


All dimensions given in inches. 

* This size is the nominal bore of the tube. 

^ These dimensions may be used for wrought-metal fittings as well as for cast-brass fittings at manu- 
facturer’s option. 

^ This dimension is the same as the inside diameter Class L tubing (American Standard Specifications for 
Copper Water Tube, A.S.A. H23.1-1039 (A.S.T.M. B88). 

** Patterns shall be designed to produce body thicknesses given in the table. Metal thickness at no point 
shall be less than 90 per cent of the thicknesses given in the table. 

* This dimension has the same thickness as Type L tubing. 

' These dimensions are minimum, but in every case the thickness of wrought fittings should be at least as 
heavy as the tubing with which it is to be used. 

Note 1 : — Wrought fittings, as well as cast fittings, must be provided with a shoulder or stop at the bottom 
end of socket. 

Note 2:— Street fittings with male ends are for use in connection with other fittings iUustrated. 

As in the case of pipe, several weights of fittings are manufactured. 
Recognized American Standards for the various weights are as follows: 

Cast-iron pii)e flanges and flanged fittings for 25 lb (sizes 4 in. and larger), 125 lb, 
and 250 lb maximum saturated steam pressure, A.S,A, B16b2, BlGa, and B16b re- 
spectively. 

Malleable iron screwed fittings for 150 lb maximum saturated steam pressure, 
A.S.A. B16c. 

Cast-iron screwed fittings for 125 and 250 lb maximum saturated steam pressure, 
A.S,A. B16d. 

Steel flanged fittings for 150 and 300 lb maximum steam service pressure, A.S,A. 
B16e. 

The allowable cold water working pressures for these standards vary from 43 lb 
for the 25 lb standard to 500 lb for the 3(X) lb steel standard. 

War standard ratings in effect for the duration of the emergency per- 
mitted higher ratings for certain sizes of the 125 lb cast-iron flanged 
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fitting standard, and for 300 lb steel flanges and flanged fittings than 
those shown in the regular American Standards mentioned previoudy. 

Screwed fittings include: nipples or short pieces of pipe of varying 
lengths; couplings of steel or wrought-iron ; elbows for turning angles 
of eitW 45 deg or 90 d^; return bends, which may be of either the close 
or open pattern, and may be cast with either a back or side outlet ; tees ; 


Table 6. American Standard Dimensions of Elbows, 45- Dbo Elbows, Tees, 
AND Crosses (Straight Sizes) for Class 125 Cast-Iron Screwed 
Fittinos, A.S.A. B16a-1939 



Nominal 

Pips 

8m 

A 

C 

B 

E 

F 

Q 

E 

ClNTBB 

TO End, 
Elsows. 
Tbbs and 
CsoasBs 

ClNTBB 

TO End. 

45 Dio 
Elbows 

Lbnotb 

OP Thread, 
Min. 

Width 

OP Band, 
Min. 

Inside Dumbteb 

OP Fitting 

Metal 

TbICKNESS.!^ 

Min. 

Odtbidb 
Duubter 
OP Band. 
Min. 

Mm. 

Mu. 


0.81 

0.73 

0.32 

0.38 

0.540 

0.584 


0.93 

H 

0.95 

0.80 

0.36 

0.44 

0.675 

0.719 


1.12 


1.12 

0.88 

0.43 

0.50 

0.840 

0.897 


1.34 

•A 

1.31 

0.08 

0.50 

0.56 

1.050 

1.107 

1 

1.63 

1 

1.50 

1.12 

0.58 

0.62 

1.315 

1.386 


1.95 


1.75 

1.29 

0.67 

0.69 

1.660 

1.730 


.2.39 


1.94 

1.43 

0.70 

0.75 

1.900 

1.970 


2.68 

2 

2.25 

1.68 

0.75 

0.84 

2.375 

2.445 


3.28 

2H 

2.70 

1.95 

0.92 

0.94 

2.876 

2.975 


3.86 

3 

3.08 

2.17 

0.98 

1.00 

3.500 

3.600 

1 

4.62 

3)4 

3.42 

2.39 

1.03 

1.06 

4.000 

4.100 

■f 1 


4 

3.79 

2.61 

1.08 

1.12 

4.500 

4.600 

0.310 

5.79 

5 

4.50 

3.05 

1.18 

1.18 

5.563 

6.663 

0.380 

7.05 

6 

5.13 

3.46 

1.28 

1.28 

6.625 

6.725 


8.28 

8 

6.56 

4.28 

1.47 

1.47 

8.625 

8.726 

ft 

10.63 

10 

8.08»> 

5.16 

1.68 

1.08 

10.750 

10.850 

mi U 

13.12 

12 

9.60b 

6.97 

1.88 

1.88 

12.760 

12.850 

0.800 

15.47 


All dlmensiona giv«n io inchei. 

* Pattoms Bhall be denigned to prodaoe eaelinm of metal thieknees given in the table. Metal thiekneae 
at no point shall be leas than 90 per cent uf the thiokness given in the table. 

^ Applies to elbows and tees only. 


crosses; laterals or Y branches; and a variety of plugs, bushings, caps, 
lock-nuts, flanges and reducing fittings. Reducing fittings as well as 
bushings, both of which ^re used in changing from one pipe size to another, 
may have the smaller connection tapped eccentrically to permit free drain- 
age of the water of condensation in steam lines or free escape of air in 
water lines. 

Fittings for copper tubing are available in the soldered, flared, or com- 
pression types. Illustrations of each of these t}rpes are ^own in Fig. 2. 
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Tablb 7. Ambrigan Standard Dimbnsions of Tbb^ Crobsbs* (Straight Sizes), 
AND Elbows for Class 125 Cast-Iron Flanged Fittings, A.S,A. B16a-1939 







-a-h 


m 


Cross 




All dimensions given in inches. 

* Crosses both straight and reducing siies 18 in. and larger shall be reinforced to compensate for the in- 
herent weakness in the easting design. 

^ Sise of all fittings listed indicates nominal inside diameter of port. 

^ Tees, side outlet tees, and cromes, 16 in. and smaller, reducing on the outlet, have the same dimensions 
center to face, and face to face as straight sise fittings corresponding to the sise of the larger opening. Bises 
18 in. and larger, reducing on the outlet, are made in tw*o lengths, depending on the sise m the outlet. 

** Tees and crosses, reducing on run only, carry same dimensions center to face and face to face as a straight 
sise fitting of the larger opening. 

* Reducing elbows and side outlet elbows carry same dimensions center to face as straight sise elbows 
corresponding to the sise of the larger opening. 

* Special d egree elbows, ranging from 1 to 45 deg, inclusive, shall have the same center to face dimensions 
as given for 45-deg elbows and those over 46 deg and up to 90 deg, inclusive, shall have the same center to 
face dimensions ss given forOO-deg elbows. The angle designation of an elbow is its deflection from stndght 
line flow and is the angle between the flange faces. 

■ Bide outlet elbows shall have all openings on intersecting center-linss. 

^ Body thickness at no point shall be less than 87| per cent of the dimensions given |n the table. 
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Fittings for copper pipe of IPS dimensions are available in screwed or 
soldered types of connection. Table 5 from A.S.A. Standard A40.3- 
1941 contains dimensions for soldered joint elbows, tees, crosses, and 45 
deg elbows. 

^e compression type fitting is generally limited to smaller size tubing 
while the flared and soldered types are used in both large and small sizes. 
An Ammcan Standard, AJS.A. A40.2-1936 has been prepared to stand- 
ardize dimensions for brass fittings for flared copper water tubes. Flared 
tube flttings are widely used in refrigerating work where S.A.E. dimensions 


Table 8. Auebican Standabd Dimensions fob Butt-Wbldino Elbows, Tees, 
Caps, and Lapped-Joint Stub Ends, A.SJi.. B16.9-1940 



N(ni»AL 

Pira 

Sia 

OtmiDi 

Diaurei 

ClMTlR-TO-EllO 

Cam 

Eb.e 

LAmi>^oiiiT Stub Ends 

90-Deg 

Elboira 

A 

45-Dcg 

Elbows 

B 

Ot Run 
Tee 

Ca 

Lenuth 

Fb 

Radius of 
Fillet 

R 

Diam. of 

1 

1.315 


'A 

114 

IH 

4 

H 

2 


1.660 


1 

114 

114 

4 

He 

2M 

1 

1.900 


VA 

214 

114 

4 

14 

2H 

2 

2.375 

3 

i*A 

2H 


6 

Me 

3l4 

2H 

2.875 

3H 


3 


6 

Me 

4'M 

3 

3.500 

4>4 

2 

314 

2 

6 

Vs 

5 

3H 

4.000 

5>i 

2K 

314 


6 

H 

5H 

4 

4.500 

6 

214 

414 

2yi 

6 

He 

OMe 

5 

5.563 

7H 

314 

414 

3 

8 

Me 

7M6 

6 

6.625 

9 

3J4 

5H 

3H 

8 



8 

8.625 

12 

5 

7 

4 

8 


loH 

10 

10.750 

15 

614 

814 

5 

10 


12Ji 

12 

12.750 

18 

714 

10 

6 

10 


15 


All dimensioxiB giyen in inches. 

* The dimensions of wdding tees cover those which have side outlets from one sise lees than half the size 
of the run-way opening of the tees to full sise. 

^ Dimensions B and F are applicable only to these fittings in schedules up to and including Schedule 80, 
A.8.A. Standard B36.10-1939. 

• The shape of these caps shall be ellipsoidal and shall conform to the requirements of the A.S.MJE. Boiler 
Construction Code. 

^ This dimension is for standard machined facim in accordance with American Standard for Steel Pipe 
Flanges and Flanged Fittings (A.S.A.Bl0e-1939). The back face of the lap shall be machined to conform to 
the surface of the flange on which it seats. Where ring joint facings are to be applied, use dimension K as 
given in A.8.A. B16e-1939. 


and a 45-d^ flare render most fittings interchangeable, although for 
refrigeration use, thread fits and tolerances on thread gages must be main- 
tain^ within close limits. Brass fittings with S.A.E. dimensions are not 
interchangeable with the American Standard fittings for water tubes. 

Ammonia pipe fittings made of cast-iron were formerly used extensively 
in handling refrigerants in large installations. Replacement of ammonia 
by other refrigerants operating at lower pressures has seriously curtailed 
the market for these fittings. For this reason formulation of an American 
Standard for these fittings was abandoned by the A^.A. in 1936. 
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FLANGE FACINGS AND GASKETS 

A number of difiFerent flange facings in common use are plain face, raised 
face, tongue and groove, and male and female. Cast-iron fittings for 126 
psi and below are normally furnished with a plain face, while the 250 lb 
cast-iron fittings are supplied witK a A-in. raised face. The standard 
facing for steel flanged fittings for 150 and 300 psi is a lA^-in. raised face 
although these fittings are obtainable with a variety of facings. The 
gasket surface of the raised face may be finished smooth or may be machined 
with concentric or spiral grooves often referred to as serrated face or 
phonograph finish, respectively. 

The dimensions of elbows, tees, and crosses for 125 lb cast-iron screwed 
fittings are given in Table 6, whereas the dimensions for 125 lb cast-iron 
flanged fittings are given in Table 7. 

For low temperature service not to exceed about 220 F, a number of 
paper or vegetable fiber gasket materials will prove satisfactory ; for plain 
raised face flanges, rubber or rubber inserted gaskets are commonly em- 
ployed. Asbestos composition gaskets are probably the most widely used, 
particularly where the temperature exceeds 250 F. Jacketed asbestos and 
metallic gaskets may be used for any pressure and temperature conditions, 
but preferably only with a narrow recessed facing. 

WELDING 

Erection of piping in heating and ventilating installations by means of 
fusion welding has been commonly accepted in the past few years as an 
alternate method to the screwed and flanged joint. Since the question 
of economy of welding as against the use of screwed and flanged fittings 
is dependent on the individual job, the use of welding is generally recom- 
mended on the basis of a greatly reduced cost of maintenance and repair, 
of less weight resulting from the use of a lighter-weight pipe, and of increased 
economy in pipe insulation, hangers, and supports rather than on the basis 
of any economy that might be effected in actual erection by welding on low 
to medium pressure heating jobs. 

Fusion welding, commonly used in erection of piping, is defined as the 
process of joining metal parts in the molten, or molten and vapor states, 
without the application of mechanical pressure or blows. Fusion welding 
embraces gas welding and electric arc welding, both of which are commonly 
used to produce acceptable welds. Welding processes and procedure are 
described in various publications. 

Welding application requires the same basic knowledge of design as do 
the other types of assembly, but, in addition, requires a generous know- 
ledge of the sciences involved, particularly as to welding qualities of 
metal, their reaction to extremely high temperatures, and the ability to 
determine and use only the best quality welding rods. This requirement 
applies equally to employer and employee with the employer accepting 
all of the responsibility. Thus the employer should select his welding 
mechanics with good judgment, provide them with first-class equipment 
and tools, arrange for their training and use of acceptable worl^anship 
standards, and at regular intervals subject their work to prescribed tests. 

Rules for fusion welding of pipe joints, the qualification of welding 
operators, welding procedures and the testing theoreof, are contained in 
the Standard Manual on Pipe Welding of the Heating, Piping & Air 
Conditioning Contractors National Association, and other nationally 
recognized groups’* ^* ’. In general, the wall thickness and chemical 
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analyaie of the pipe are the governing factors, not the working pressure. 
There are a number of safety codes which govern the installation of welded 
piping in many cities and states. Some of the more prominent are listed 
at the end of tiiis chapter^* *• *. 

A complete line of manufactured steel welding fittings is now available 

Table 9. Ambbican Standabd Dimensions or Steel Welding Neck and Slip-on 
Welding Flanges fob Steam Sebvice Pbessobe Rating or 150 PSI (Gage) at a 
Tempebatube or 600 F, and 100 PSI (Gage) at 750 F, A.5.d. B16e-1939 


H X- 



welding neck sup-on neck 


Nominal 

Pm 


Sia 


DlAHSRl 

or 

Flanoi 


Thicknibb 

or 

Flq.* 

Min. 


Hub Diam. 
Bioinnino 
or 


Diameter 

or 

Hub 


Length 

Thru 

Hubb 


Ikbidb Diam. 

or Pm 
SCBIDULB 409 


Bore or 

Sup^iN Diam. or| No. 

Flanobb ■ Bovr or or 
Min. Cbclb Boltb| Bolib 


H 


W 




0.84 

0.62* 

0.88 

4 



1.05 

0.82* 

1.09 

4 



1.32 

1.05* 

1.38 

4 



1.66 

1.88* 

1.72 

4 



1.90 

1.61* 

1.97 

4 


sr 

2.38 

2.07* 

2.44 

4 



2.88 

2.47* 

2.94 

4 



3.50 

8.07* 

3.56 

4 

3H 


4.00 

8.65* 

4.06 

8 

4 


4.50 

4.03* 

4.56 

8 

6 


5.56 

5.05* 

5.66 

8 

6 

m 

6.63 

6.07* 

6.72 

8 

8 


8.63 

7.98* 

8.72 

8 

10 

12 

10.75 

10.02* 

10.88 

12 

12 


12.75 


12.88 

12 

14 O.D. 


14.00 

To Be 

14.19 

12 

16 O.D. 

18 

16.00 

Specified 

16.19 

16 

18 O.D. 


18.00 

by 

18.19 

16 

20 O.D. 

22 

20.00 

Purchaser 

20.19 

20 

24 0.D. 

26H 

24.00 


24.19 

20 


lU 


All dimenBionB given in inchoB. 

*A rmiBed face of lA is included in thiekneu of flange minimum and in length through hiA, 

^The outBide Burfaoe of the welding end of the hub ehall be Btraight or tapered at not more than 6 deg. 
•DimenBionB H and J eorreBpond to the outside and inside diameteiB of pipe as given in A.8.A, B30.10- 
1039, Schedule 40. 

•These diameters are identical with the diameters of what was formerly designated as Standard Weight 
Pipe of the corresponding Bisee. 


and a dimensional standard has been prepared under the procedure of the 
American Standards Association to unify heretofore divergent dimensions 
for the same type welding fittings as produced by different manufacturers. 
Standard dimensions for steel butt-welding elbows, tees, caps, and lapped- 
joint stub ends are given in Table 8. Dimensions for eccentric and con- 
centric reducers, and 180-deg return bends are not shown in Table 8 but 
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are included in the American Standard. Larger sizes also are available 
in some types of fittings. The welding bevel which is a straight 37§-deg 
V for wall thickness f in. and below, and a U-bevel for thicknesses heavier 
than J in., conforms to the recommended practice of A,S,A. Standard 
Bl6e-1939, American Standard for Steel Pipe Flanges and Flanged Fittings. 
The latter also contains dimensions for steel welding neck flanges for 
pressures up to 2500 psi, and slip-on welding flanges for 150 and 300 psi. 
Table 9 gives these dimensions for welding-neck and slip-on welding 
flanges suitable for 150 psi gage pressure. 

Socket-welding fittings also are commercially available. These fittings 
have a machined recess for inserting the pipe which is attached by a 


Table 10. Pboposed American Standard Dimensions op Socket- Welding 
Elbows, Tees, Crosses, 45-Deg Elbows, and Couplings 

c* 




NOMnfAL 

Pops 

8in 

MiNuiim 

Depth 

OP 

SOCSBT 

CBNTEa TO Bottom op Socket 

CouPUNoa 

Distance 

Between 

Bottom 

SocuTf 

Bore 

Dumetei 

OP 

Socket, 

Minimum 

Minimum Socket 
Wall Tbicknesb 

Boeb Diameter op 
FimNoa 

OO-Dm OIs. 
Tern. Cmascfl 

45-Deg Ella 

Scbed. 

40 

Scbed. 

80 

Scbed. 

160 

Scbed. 

40 

Scbed. 

80 

Behed. 

160 

Sched. 

40A80 

Scbed. 

160 

Scb«jd. 
10 A 80 

Scbed. 

160 

A 

A 

E 

b 

C* 

D 

a 





)4 


y 

0A55 

0.156 

0.156 


0.364 

■Pl| 








■nTTiTi^H 

0.156 

0.158 


0.493 

0.428 


u 




J4 


R 


0 156 

0.184 

EElI 

0.622 

0.546 

0.466 


7^ 

k 

H 

)4 

% 

k 


0.156 

0.193 

EMI 

0.824 

0.742 

0.614 



U 

1)4 


% 

k 

li(30 

0.166 

0.224 

0A13 

1D40 

0.957 

0A15 



1)4 

\H 

% 

% 

k 

1.675 

0.175 

0.239 

0A13 


1.278 

1.160 

iH 



IH 

% 

1 


1.915 

0.181 

0.250 

ElMl 

1.610 






m 

1 

Hi 

k 


0193 

0.273 

0.429 

2j067 

1.939 

1.689 





IH 

IH 

k 

2.906 

0.254 

0.345 

0.469 

mmm 

2A23 

8.121 



2K 

2H 


iH 

k 

3.535 

0.270 

0.375 

0.546 

3.068 

2J00 

8.626 


All dimensioDB are given in inches. 

^Dimension C if U timee the nominal pipe thiokneef, minimum, but not leas than A in. 

Reducing siiec have same center to bottom of aocket dimenaion aa the largest siae of reducing fitting. 


fillet weld between the pipe wall and socket end. Use of socket-welding 
fittings generally is restricted to nominal pipe sizes 3 in. and smaller in 
which range commercial fittings are available. This type of fitting hw 
gained rapid acceptance owing to its ease of installation, low cost, and 
ability to make a pressure tight joint without weakening the pipe as is the 
case with threading. Dimensions for socket-welding fittings as offered 
by most manufacturers of the product are given in Table 10. 

VALVES 

Valves are made with both threaded and flanged ends for screwed and 
bolted connections just as are pipe fittings. 

The material used for valves of small size is generally brass or bronze 
for low pressures and forged steel for high pressures, while in the larger 
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sizes either cast-iron, cast-steel or some of the steel allojrs are employed. 
Practically aU iron or steel valves intended for steam or water work are 
bronze-mounted or trimmed. 

Brass, bronze, and iron valves are generally designed for standard or 
extra heavy service, the former being used up to 125 lb and the latter up 
to 250 lb saturated steam working pressure, although most manufacturers 
also make valves for medium pressure up to 175 lb steam working pressure. 


TabijB 11. Ambbican Standard Contact Subfacb to Contact Subface Dimen- 
sions OF Gast-Ibon and Steel Flanged Wedge Gate Valves, 
AJ,A,.B 16 aQrl^_. 



^These dimensions are the seme for Cast-Iron Double Disc Flanged Gate Valvee. 

^These are pressure designations which refer to the primary service ratings in pounds per square inch of 
the connecting end flanges. 

^he connecting end flanges of 175 lb valves are the same as those on 250 lb valves. 

Note 1: — Where dimensions are not given, the sises either are not made or there is insufficient demand 
to warrant the expense of unification. 

Note 2. — Female and groove joint facings have bottom of groove in same plane as flange edge t and center 
to contact surface dimensions for these facings are reduced by the amount of the raised face. 


The more common types are gate valves or straightway valves, globe 
valves, angle valves, check valves and automatic valves, such as reducing 
and back-pressure valves. 

Gate valves are the most frequently used of all valves since in their open 
position the resistance to flow is a minimum, but they should not be used 
where it is desired to throttle the flow; globe valves should be used for 
this purpose. Gate valves may be secur^ with either a rising or a non- 
rising stem, although in the smaller size the rising stem is more commonly 
used. The rising stem valve is desirable because the positions of the 
handle and stem indicate whether the valve is open or closed, although 
space limitations may prevent its use. The ^obe valve is less expensive 
to manufacture than the gate valve, but its peculiar construction offers 
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a high resistance to flow and may prevent complete drainage of the pipe 
line. These objections are of particular importance iu heating work. 

An American Standard, A.S.A. B16.10-1939, has been prepared giving 
the face-to-face dimensions of ferrous flanged and welding-end valves. 
The following types are covered : wedge gate, double disc gate, gjobe and 
angle, and swing check. One purpose of establishing these dimensions is 
to insure that gate valves of a given rating and flange dimension of either 
the wedge or double disc design will be interchangeable in a pipe line. 
Contact surface to contact surface dimensions of cast-iron and steel 
flanged wedge-gate valves are given in Table 11. End-to-end dimensions 
for steel butt-welding valves in sizes up to 8 in., inclusive, are the same 
as those given in Table 11 for steel valves. 

Check valves are automatic in operation and permit flow in only one 
direction, depending for operation on the difference in pressure between 
the two sides of the valve. The two principal kinds of check valves are 
the swing check in which a flapper is hinged to swing back and forth, and 
the lift check in which a dead weight disc moves vertically from its seat. 

Valves commonly used for controlling steam or water supply to radi- 
ators constitute a special class since they are manufactured to meet heating 
system requirements. These valves are generally of the angle type and are 
usually made of brass. Graduations on the heads or lever handles are often 
supplied to indicate the relative opening of the valve. 

Automatic control of steam supply to individual radiators can be ef- 
fected by use of direct-acting radiator valves having a thermostatis element 
at the valve, or near to it. The direct-acting valve is usually an angle-type 
valve containing a thermostatic element which permits the flow of steam 
in accordance with room temperature requirements. These valves usually 
are capable of adjustment to permit variation in room temperature to suit 
individual taste. 

Ordinary steam valves may be used for hot water service by drilling a 
t*6-in. hole through the web forming the seat to insure sufficient circulation 
to prevent freezing when the valve is closed. Valves made for use in hot 
water heating systems are of simpler design, one type consisting of a simple 
butterfly valve, and another of a quick opening type in which a part in the 
valve mechanism matches up with an opening in the valve body. 

In one-pipe steam-heating systems, automatic air valves are required 
at the radiators. Two common types of air valves available are the 
vacuum type and the straight-pressure type. Vacuum valves permit the 
expulsion of air from the radiators when the steam pressure rises and, in 
addition, act as checks to prevent the return of air into the radiator when 
a vacuum is formed by the condensation of steam after the supply pressure 
has dropped. Ordinary air valves permit the expulsion of air from the 
radiator when steam is supplied under pressure, but when a vacuum 
tends to be formed the air is drawn back into the radiator. 

REFERENCES 

1 See (1) Piping Handbook, by Walker and Crocker (McGraw-Hill Co.); (2) A 
Manual for The Design of Piping for Flexibility by the Use of Graphs, by E. A. Wort, 
S. Smith, E. T. Cope, (The Detroit Edison Company). 

* See API Specification 5L for Line Pipe, American Petroleum Institute, 

s Standard Manual on Pipe Welding, Heating, Piping and Air Conditioning 
Contractors National Association, Welding Handbook, American Welding Society ^ 
1942. 
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* ASME Power Boiler Code, American Societn of Mechanical Engineers. 

* American Standard Code for Pressure Piping, A. 8 . A, B-31. 1—1942, American 
Standards Association. 

* Marine Engineering Regulations of the Coast Guard, American Bureau of 
Shipping, 

General Specifications for Inspection of Material, Appendix VII, Welding, U. S. 
Nosy. Specifications for Welding. Appendix 5, Part 1— General— for vessels of the 
U. S. Navy, Bureau of Ships, April, 1940. 
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PIPE INStJLATION 


Heat Losses from Bare and Insulated Pipes, Low Temperature Pipe Insulation, 
Insulation of Pipes to Prevent Freezing, Economical Thickness 
of Pipe Insulation, Underground Pipe Insulation 


T he heat loss from uninsulated pipes may be of considerable magni- 
tude if the temperature of the surrounding medium differs appre- 
ciably from that of the fluid conveyed. Losses arc increased by rapid 
motion of the surrounding air or by contact of the pipe with bodies of 
high conductivity. Careful consideration must, therefore, be given to 
this factor in a properly designed S3rstem and adequate insulation pro- 
vided, if necessary. 

HEAT LOSSES FROM BARE PIPES 

Heat losses from horizontal bare steel pipes, based on tests at Mellon 
Institute and calculated from the fundamental radiation and convection 
equations (Chapter 5), are given in Table 1. Heat losses from horizontal 
copper tubes and pipes with tarnished surfaces, are given in Table 2K 
Heat losses from bare pipe of materials having lower emissivities may 
be calculated from data appearing in Chapter 6. 

The area in square feet per linear foot of pipe is given in Table 3 for 
various standard pipe sizes, and Table 4 for copper tubing, while Table 5 
gives the area in square feet of flanges and fittings for various standard 
pipe sizes. These tables can be used to advantage in estimating the 
amount of insulation required. 

Very often, when pipes are insulated, flanges and fittings are left bare 
so as to allow for easy access to the fittings in case of repairs. The fact 
that a pair of 8-in. standard flanges having an area of 2.41 sq ft would 
lose, at 100 lb steam pressure, an amount of heat equivalent to more than 
a ton of coal per year shows the necessity for insulating such surfaces. 

Examples 1 and 2 show how the annual heat loss from uncovered pipe 
and its dollar value may be computed from the data in Table 1. 

Example 1. Compute the total annual heat loss from 165 ft of 2 in. bare pipe in 
service 4000 hr per year. The pipe is carrying steam at 10 lb pressure and is exposed 
to an average air temperature of 70 F. 

Solution. The pipe temperature is taken as the steam temperature, which is 239.4 
F, obtained by interpolation from Steam Tables. The temf^rature difference be- 
tween the pipe and air » 239.4 — 70 » 169.4 F. By interpolation of Table 1 between 
temperature differences of 157.1 and 227.7 F, the heat loss from a 2-in. pipe at a tem- 
perature difference of 169.4 F is found to be 1.624 Btu per (hr) (linear ft) (F deg). The 
total annual heat loss from the entire line — 1.624 X 169.4 X 165 (linear ft) X 4000 
(hr) - 181,600 Mb. (Mb » 1000 Btu.) 

Example S. Coal costing $11.50 per ton and having a calorific value of 13,000 Btu 
per pound is being burned in the furnace supplying steam to the pipe line given in the 

S revious example. If the system is operating at an over-all efficiency of 55 per cent, 
etermine the monetary value of the annual heat loss from the line. 

Solution. The cost of heat per 1000 Mb supplied to the system « 1,^,000 X 11.6 
(dollars) [13,000 (Btu) X 2000 (lb) X 0.55 (efficiency)] - $0,804. The total cost 
of heat lost per year « 0.804 X 181.6 (thousand Mb) » $146.00. 
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PIPE INSULATIONS 

Pipe insulations are of several general forms and are made of various 
types of material. The most common form is the rigid sectional covering 
either split longitudinally into halves or cut through on one side and 
scored on the other, to facilitate assembling on pipes. Preformed ma- 

Table 1. Heat Losses from Horizontal Bare Steel Pipes 


Expressed in Bin per {hour) {linear foot) {Fahrenheit degree difference between the pipe 
and surrounding still air at 70 F) 



Hot Water (Type K Copper Tube) 

Steam (Standard Pipe Size Pipe) 

Nominal 

Pipe 

120 F 

150 F 

180 F 

210 F 

227.1 F 
(5 Lb) 


KSEBi 

Size 

(Inches) 



Temperature Difference 




50 F 

80 F 

110 F 

HOF 

157.1 F 

227.7 F 

267.9 F 

H 

0.250 



0.321 

HEEmi 



H 

0.340 

0.381 


0.429 

0.533 

0 543 


1 

0.440 

0.475 


0.536 

0.636 

0.746 


IH 

0.500 

0.559 

0.618 

0.622 

0.764 

0.878 

0.934 

IH 

0.580 

0.656 



0.904 

1.053 


2 

0.730 


0.890 

0.957 

1.101 

1.273 

1.364 

2H 

0.880 


1.091 

1.143 

1.305 

1.490 

1.605 

3 

1.040 

1.175 

1.272 

1.343 

1.560 



3H 

1.180 

1.350 

1.454 

1.535 

1.750 



h 

1.460 


1.635 

1.715 

1.941 

2.131 

2.240 

2.465 


1.600 

1.812 



2.387 

2.770 

2.990 

6 

1.810 

2.125 

2.270 

2.430 

2.740 


3.440 

8 

2.400 

2.685 

2.910 

3.110 

3.310 

4.050 

4.370 


Table 2. Heat Loss from Horizontal Tarnished Copper Pipe 
Expressed in Btu per {hour) {linear foot) {Fahrenheit degree difference between the 
pipe and surrounding still air at 70 F) 


Nominal 

Pipe 

Hot Water 

Steam 

120 F 

150 F 

180 F 

210 F 

227.1 F 
(5 Lb) 

299.7 F 
(50 Lb) 

337.9 F 
(100 Lb) 

Size 








(Inches) 



Temperature Difference 




50F 

80 F 

110 F 

HOF 

157.1 F 

227.7 f' 

267.9 F 


0.455 

0.495 

0.546 


0.612 



s 

0.555 

0.605 


0.715 

0.748 

0.866 

0.933 

1 

0.684 

0.743 

0.819 

0.877 

0.919 

1.065 

1.147 


0.847 

0.919 

1.014 


1.138 

1.324 

1.425 

iS 

0.958 

1.041 

1.148 


1.288 

1.492 

1.633 

2 

1.180 

1.281 

1.412 

1.512 

1.578 

1.840 

1.987 

2H 

1.400 

1.532 

1.683 

1.796 

1.883 

2.190 

2.363 

3 


1.825 

2.010 

2.153 

2.260 


2.840 

W 

1.900 


2.221 

2.433 

2.552 

2.974 

3.215 

4 

2.118 

2.302 

2.534 

2.717 

2.850 

3.320 


5 


2.804 

3.084 


3.470 


4.385 

8 

3.036 

3.294 

3.626 

3.886 

4.074 

4.765 

5.160 

8 

3.880 

4.215 

4.638 

4.960 

5.210 






5.680 

6.090 

6.410 


8.115 

12 

5.590 

6.070 

6.670 

7.145 

7.500 


9.530 


terials are supplied in segments for assembly on large pipes. The sectional 
coverings are generally supplied with a pasted-on canvas jacket. Blanket 
insulations are sometimes used for wrapping large pipes, particularly 
where removal for frequent servicing of the pipe is necessary. Fittings 
and bends are commonly covered with portions of standard preformed 
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Table 3. External Surface per Linear Foot of Pipe 


Nominal 

Pipe Si7e 
(Inches) 

Surface Area i 
(Sq Ft) I 

Nominal 
Pipe Size 
(Inches) 

Surface Area 
(Sq Ft) 

Nominal 
Pipe Size 
(Inches) 

Surface Area 
(SqFt) 


0.22 i| 

2 

0.622 


1.456 

k 

0.275 


0.753 


1.734 

1 

0.344 

3 

0.917 


2.257 

IH 

0.435 

m 

1.047 


2.817 

m 

0.408 

4 

1.178 

12 

3.338 


insulation or, when irregular in contour, with plastic materials known as 
insulating cements. Insulation is secured to pipes with staples which are 
used to bridge the joint between half sections, and with metal pipe covering 
bands or rings of wire which secure individual sections and effect a junc- 
tion between abutting sections. Surface finishes used over pipe insulation 
depend upon the service encountered and appearance desired. Canvas 
jackets are most common although asbestos paper or asbestos finishing 
cements are sometimes employed. Insulation outdoors should be water- 
proof, and is generally protected with an asphalt felt for piping and 
asphaltic cements for fittings. Insulation on lines carrying cold water, 
brine, or other cold fluids is carefully finished to obtain adequate sealing 
against the penetration of water vapor. 

The selection of pipe insulation for a particular service condition must 
be made with full consideration of a number of properties in addition to 
thermal conductivity. Factors which may be of more importance than 
the thermal conductivity are: ease of application, fire resistance, heat 
stability, weathering stability, resistance to damage by physical abuse, 
and others which may apply to a particular installation. A complete 
evaluation of pipe insulation cannot be included here. Insulation manu- 
facturers should be consulted in regard to the selection of insulation 
which is to meet specific requirements. 

HEAT LOSSES FROM INSULATED PIPES 

The conductivities of various materials used for insulating steam and 
hot water systems are given in Table 6. They are given as functions of 
the mean temperatures or the arithmetic mean of the inner and outer 
surface temperatures of the insulations. It should be emphasized that 
they are the average values obtained from a number of tests made on 
each type of material, also, that in the use of conductivity all variables due 
to differences in thickness, pipe sizes, and air conditions are eliminated. 
Individual manufacturer’s materials will, of course, vary in conductivity 
to some extent from these values. 

The heat losses through 1, 1^, and 2-in. thick, 85 per cent magnesia 
type of insulation for temperature differences between the pipe and the 
surrounding atmosphere up to 280 F, are shown in Figs. 1, 2, and 3. 


Table 4. External Surface per Linear Foot of Copper Tubing 
Outside diameter } in. greater than nominal size 


Tube Size 
(inches) 

Surface Area 
(Sq Ft) 

Tube Size 
(Inches) 

Surface Area 
(Sq Ft) 

Tube Size 
(Inches) 

Surface Area 
(SqFt) 


0.164 

2 


5 

1.342 

H 

0.229 

2K 


6 

1.604 

1 

0.295 

3 

0.818 

8 

2.128 

IK 

0.360 

3H 




A 

0.426 

4 

1.080 
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Table 6. Abba or Flanobo Fithnos, Squabb Feet* 


Nominal 
Pipe Size 

Flanged 

Coupling 

00 Dbg Ell 

Long Radius 
Ell 

Tbb 

Cross 

(Inches) 

Standard 

Extra 

Heavy 

Standard 

Extra 

Heavy 

Standard 

Extra 

Heavy 

Standard 

Extra 

Heavy 

Standard 

Extra 

Heavy 

1 

0.320 

0.438 

0.795 

1.015 

0.892 

1.083 

1.235 

1.575 

1.622 

2.07 

IK 

0.383 

0.510 

0.057 

1.098 

1.084 

1.340 

1.481 

1.925 

1.943 

2.53 

IK 

0.477 


1.174 

1.332 

1.337 

1.874 

1.815 

2.68 

2.38 

'3.54 

2 

0.672 


1.65 

2.01 

1.84 

2.16 

2.54 

3.00 

3.32 

4.06 

2H 

0.841 

1.107 

2.00 

2.57 

2.32 

2.76 

3.21 

4.05 

4.19 

5.17 

3 

0.945 

1.484 

2.38 

3.49 

2.68 

3.74 

3.66 

5.33 

4.77 

6.05 

3K 

1.122 

1.644 

2.98 

3.0G 

3.28 

4.28 

4.48 

6.04 

5.83 

7.89 

4 

1.344 

1.914 

3.53 

4.64 

3.06 

4.99 

5.41 

7.07 

7.03 

9.24 

4K 

1.474 

2.04 

3.95 

5.02 

4.43 

5.46 

6.07 

7.72 

7.87 

10.07 

5 

1.622 

2. IS 

4.44 

5.47 

5.00 

6.02 

6.81 

8.52 

8.82 

10.97 

6 

1.82 

2.78 

5.13 

6.99 

5.99 

7.76 

7.84 

10.64 

10.08 

13.75 

8 

2.41 

3.77 


9.76 

8.56 

11.09 

10.55 

14.74 

13.44 

18.97 

10 

3.43 

5.20 

10.18 

13.58 

12.35 

15.60 

15.41 


19.58 

26.26 

12 

4.41 

6.71 

13.08 

17.73 

16.35 

18.76 

19.67 

26.65 

24.87 

84.11 


* Including areai of accompanying flangea bolted to the fitting. 


Standard thicknesses of 85 per cent magnesia pipe covering are not 
exactly 1 in. However, the loss through any given thickness of insulation 
can be obtained by interpolation. Also, the losses through any of the 
insulations given in Table 6 can be obtained by multiplying the losses 
obtained from Figs. 1, 2, or 3 by the factors given in Table 7. 

Pipes operating at high temperatures are frequently insulated to the 


Table 6. Thermal Conductivitt (k) of Various Type Pipe Insulations 
FOR Medium and High Temperature Pipe* 

Expressed in Btu per (hour) (square fool) (Fahrenheit degree temperature difference 

per inch) 


Types of Insulating Materials 

Density 
Lb/Cu Ft 

Temp. Range 

OF Accepted 

Mean Temperature, F Deg 

1 

Use 

100 

200 

300 

400 

500 

85% Magfiesia — Type 

13-15 

Up to 600 F 

rm 

0.45 

0.48 



Corrugated Asbestos — Type 







4 Ply per 1 in.— 

6 Ply per 1 in..« 

11-13 

15-17 

Up to 300 F 

Up to 300 F 

Up to 300 F 

0.57 

0.51 

0.68 

0.59 

0.80 

0.69 



8 Ply per 1 in.— 

18-20 

0.49 

0.57 




Laminated Asbestos — Type 



(35-40 laminations per 1 in.) 

30-35 

Up to 700 F 

Up to 800 F 

Up to 1900 F 


0.44 

0.49 

0.54 


Mineral Wool — Type 

10-15 

0.40 

0.45 

0.50 

0.55 


Diatomaceous Silica — Type 

25-30 

0.63 

0.66 


0.72 


Brown Asbestos Fiber — Type— 

13-15 

Up to 1200 F 

0.31 

0.39 

0.44 

0.49 

0.54 


* Ayeraga valuec from varioua UboratoricB for insulating materials of various manufacturers. 


Table 7. Pipe Covering Factors 


Temperature Difference. Pipe to Air. F Dbg 
Types of Insualtinc Materials 



100 

200 

300 

400 

500 

Corrugated Asbestos-^Type 






4 Ply per 1 in 

1.30 

1.36 

1.42 



6 Ply per 1 in 

1.19 

1.23 

1.27 



8 Ply per 1 in 

1.15 

1.19 

1.23 




Laminated Asbestos — Type. 

0.96 

0.98 


1.02 


Mineral Wnnl— Type 

0.98 

1.00 




Diatomaceous Silica— -T^ 

1.37 

1.36 

1.35 

1.35 

1.34 

Brown Asbestos Fiber— Type — — . 

0.86 

0.88 

0.91 

0.03 

0.96 
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best advantage by combining a hi^ temperature insulation near the 
pipe with a moderate or low temperature insulation around it as an outer 
layer. By this method an efficient material may be used for each of the 
two temperature ranges encountered. In calculating the heat loss 



Fio. 1. Heat Loss Thbouoh 1 In. Trick 85 peb cent Magnesia Type 

COVEBINQ 

through such a combination the mean temperature of each layer must 
determined along with the thickness of each. This is readily done 
three or four calculations performed as a series of approximations 
which assumptions of thickness and mean temperature are adjusted 
indicated in the discussion which follows. 

In the case of a single thickness of pipe covering, the quantity of heat 


e B'B'Z 



584 


CHAPTER 28 


1949 Guide 


transferred per square foot of outer surface of the insulation is given 
by the equation: 


hf*. — 



( 1 ) 



Fig. 2. Heat Loss Thbouoh IJ In. Thick 85 per cent Magnesia Type 

Covering 


where 

9o “ Btu per (hour) (square foot of outer surface of insulation), 
fi «* outer radius of pipe or inner radius of insulation, inches. 

Tt outer radius of insulation, inches. 

k ■■ thermal conductivity of insulation, Btu per (hour) (square foot) (Fahrenheit 
degree per inch). 

ii ■■ temperature of inner surface of insulation, Fahrenheit degrees, 
ft ■■ temperature of outer surface of insulation, Fahrenheit degrees. 

It is convenient to work from the outer surface of the insulation, since 
the loss through the covering must be determined from the outer surface 
loss by means of surface loss curves such as given in Fig. 4. 
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After the true heat loss is obtained, the loss per square foot of pipe 
surface can be calculated from the relationship: 


where 

Qi -• Btu per (hour) (square foot outer surface of pipe) . 



Fig. 3. Heat Loss Through 2 In. Thick 85 per cent Magnesia Type 

Covering 


The heat loss through two or more thicknesses of insulation applied to 
a pipe can be calculated by means of the equation : 


ti — 


r. log. — 


r, log. - 


( 2 ) 


ki ' kt 


where 

Ti » outer radius of second layer of insulation, inches. 

r. B outer radius of last layer of insulation, inches. 

The method of solving Equation 2, which is the most difficult of the 
two, is given in Example 3. 

Example 5. Compute the heat loss per linear foot of pipe surface per hour from a 
6-in. pipe, insulated with a 3-in. thickness of diatomaceous silica, and a 2-in. thickness 
of 85 per cent magnesia. The pipe is operating at a temperature of 1200 F and is 
exposed to a room temperature of 80 F. 
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Solutiim, In figuring the heat loss from Equation 2, it is necessary to first make an 
assumption for the outer surface temperature t% and the temperature between the 
diatomaceous silica and 85 per cent magnesia insulation, so that the mean tempera- 
ture of each material can be obtained and the thermal conductivity corresponding to 
the mean temperature of each material substituted in the formula. First assume an 
outer surface temperature of 140 F and a temperature of 570 F between the two 
materials corresponding to a mean temperature of (1200 + 570) 4- 2 or 885 F for the 
diatomaceous silica and (570 + 140) 2 or 355 F for the 85 per cent magnesia insula- 

tion. The conductivities of these two materials at mean temperatures of 885 and 
355 F interpolated from Table 6 are 0.865 and 0.5 Btu, respectively. 



Fig. 4. Heat Loss from Canvas-Covered Cylindrical Surfaces of 
Various Diameters 


These values are substituted in Equation 2 and a trial calculation made. For a 
nominal 6-in. steel pipe ri = 3.312, r 2 = 6.312 and rs = 8.312 then, 


8.312 log. 


1200 - 140 

6.312 

3.312 


1060 

6.2 + 4.58 


98.3 Btu. 


0.865 0.5 


The temperature drop from the outer surface of the insulation to the surrounding 
air for a heat loss of 98.3 Btu is found from Fig. 4 to be 57 F for a 16-in. O.D. cylin- 
drical surface, or 57 + 80 F room temperature = 137 F surface temperature. Since a 
surface temperature of 140 F was assumed, it is evident that a temperature closer to 
137 F, or, for instance, 138 F should be used for recalculation: 


1200 - 138 
6.2 + 4.58 


98.4 Btu. 


Since the temperature drop through each material is equal to the heat flow times the 
actual resistance of each material, the temperature drop through the diatomaceous 
silica is 98.4 X 6.2 » 610 F, or the temperature between the two insulating materials 
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is (1200 — 610) « 590 F. Since a temperature of 570 F between the two materials was 
assumed, it is obvious that a temperature closer to 590, or for instance 586 F may be 
selected. The mean temperatures of the two insulations corresponding to the new 
assumptions are (1200 + 586) 4 - 2 « 893 and (586 + 138) 2 = 362, and the inter- 

polated conductivities corresponding touthe new mean temperatures are 0.87 and 
0.505 for the diatomaceous silica ana 85 per cent magnefiia, respectively. By sub- 
stituting in Equation 2; 


1200 - 138 1062 

0.87 • 0.505 

Again referring to Fig. 4, it is seen that the temperature drop from the outer sur- 
face of the insulation to the surrounding air for a heat loss of 99.3 Btu = 58 F, which 
corresponds to the surface temperature of 138 F last assumed. The temperature 
drop through the diatomaceous silica is 99.3 X 6.16 = 612 F, corresponding to a 
temperature of 588 F between the two materials, which checks very closely with the 
temperature of 585 F last assumed. The heat loss is therefore 99.3 X 8.312 -s- 3.312 
or 249 Btu per sq ft of pipe surface. Since the surface area per linear foot of 6-in. 
pipe is 1.734 sq ft (Table 3), the heat loss per linear foot of pipe will be 249 X 1.734 
= 432 Btu per hr. 

The rate of heat loss from a surface maintained at constant temperature 
is greatly increased by air circulation over the surface. In the case of 
well-insulated surfaces, the increases in losses due to air velocity are very 
small as compared with increases from bare surfaces, because of the fact 
that air flowing over the surface of the insulation can increase only the 
conductance of heat from surface to air, and cannot change the internal 
conductance of the insulation itself. The maximum increase in heat loss 
due to air velocity ranges from about 15 per cent in the case of 1-in. thick 
insulation, to about 5 per cent in the case of 3-in. thick insulation, pro- 
vided that the insulation is thoroughly sealed so that air can flow only 
over the surface. If the conditions are such that the air may circulate 
through cracks and crevices in the insulation, the increases may be far 
greater than those given. Therefore, it is essential that insulation be 
applied in such a manner that air circulation within it or between it and 
the pipe is avoided. 

Fig. 4 shows the loss of heat from canvas-covered, cylindi'ical surfaces 
of various outside diameters when the surface to air temperature difference 
is low\ The data are from tests made at Mellon Institute. 

The frequent practice of omitting insulation on that portion of a pipe 
which passes through a masoniy wall, or which may be in contact with 
other metals, should be avoided. Physical contact between the pipe 
surface and other structural materials of high thermal conductivity will 
result in heat transfer much greater than that shown in Tables 1 and 2 
for transfer from bare pipe to air. 

The saving due to use of insulation on piping is illustrated in Example 4» 

Example 4. If the steam line given in Examples 1 and is covered with 1 in. thick 
85 per cent magnesia , determine the resulting total annual loss through the insulation. 
Also compute the monetary value of the annual saving and the percentage of saving 
over the heat loss from the bare pipe. 

^Solution. By referring to Fig. 1, the coefficient for 1 in. magnesia on a 2-in. pipe is 
found to be 0.300 Btu per (hr) (linear ft of pipe) (deg temperature difference) at a 
temperature difference of 169.4 F. The total hourly loss per linear foot of pipe will 
then be 0.300 X 169.4 » 50.8 Btu. The total annual loss through the insulation » 
50.8 X 165 (linear ft) X 4000 (hr) 33,500 Mb. The annual bare pipe loss as deter- 
mined in the solution of Example 1 was found to be 181,600 Mb. . The saving due to 
insulation is then 181,600 — 33,500 » 148,100 Mb per year. 

From the solution of Example e, it was found that the heat supplied to the system 



588 


CHAPTER 28 


1949 Guide 


cost 10.804 per thousand Mb. Therefore, the monetary value of the saving — 0.804 
(dollars) X 148.1 (thousand Mb) » $119.07, or 81.6 per cent of the cost when using 
uninsulated pipe. 

LOW TEMPERATT7RE PIPE INSUIATION 

Surfaces maintained at temperatures lower than the surrounding air 
are insulated to reduce the flow of heat and to prevent condensation. 



* Solve problems as indicated by dotted line, entering chart at lower left-hand scale. 

Fig. 5. Thickness op Pipe Insulation to Prevent Condensation on 

Outer Surface* 


The insulating material should absorb a minimum amount of moisture, 
because the absorption of moisture substantially increases the con- 
ductivity of the material. This property is particularly important in the 
insulation of surfaces that are below the dew-point of the surrounding air. 
In such cases, due to vapor pressure difference, it is necessary to seal the 
surface of the insulating material against the penetration of water vapor 
which would condense within the material, causing a serious increase in 
heat flow, possible breakdown of the material, and corrosion of metal 
surfaces. An insulating material with a high degree of moisture absorp- 
tion might pick up moisture before application and then, when the seal is 
in place and the temperature of the insulated surface reduced, release t^t 
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moisture to the cold surface. There are a number of methods of pro- 
ducing vapor seals, some of which have been worked out by insulation 
manufacturers to suit their products, and others by applicators and users. 
Unless time-proven methods are ^ known, specifications of insulation 
manufacturers should be obtained* and followed* carefully. 

The thickness of insulation required to prevent condensation on the 
outer surface is that thickness which will raise the temperature of the 
outer surface of the i^ulation to a point slightly higher than the dew- 
point of the surrounding vapor. The dew-point for various humidities 
can be readily ascertained from a psychrometric chart. 

"Hie approximate required thickness of insulation to prevent conden- 
sation on pipes and flat metallic surfaces may be obtained from Fig. 5 in 

Table 8. Heat Gains foe Insulated Cold Pipes 
Rules of heut trunsnission given in Btu pev {hour) {Fuhrenheit degree lemperuture 
difference between fluid in pipe and surrounding still air) 

Based on materials having conductivity, k ^ 0.S0 


Nominal 

Pipe 

Size 

(Inches) 

IcB Water Thickness 

Brine Thickness 

Heavy Brine Thickness 

Thickness 

of 

Insulation 

(Inches) 

Btu Per 
Linear 
Foot 

Btu Per 
So Ft 
Pipe 
Surface 

Thickness 

of 

Insulation 

(Inches) 

Btu Per 
Linear 
Foot 

Btu Per 
Sq Ft 
Pipe 
Surface 

Thickness 

of 

Insulation 

(Inches) 

Btu Per 
Linear 
Foot 

Btu Per 
Sq Ft 
Pipe 
Surface 


1.5 

0.110 

0.502 

2.0 

0.098 

0.446 

2.8 

0.087. 

0.394 



0.119 

0.431 

2.0 

0.111 

0.405 

2.9 

0.094 

0.340 

1 


0.139 

0.403 

2.0 

0.124 

0.352 

3.0 


0.294 


K H 

0.155 

0.357 

2.4 

0.131 

0.300 

3.1 

0.113 

0.260 


1.5 

0.174 

0.351 

2.5 

0.134 

0.270 

3.2 

0 118 

0.238 

2 

1.5 


0.322 

2.5 

0.161 

0.244 

3.3 

0.134 

0.214 

2H 

1.5 

0.228 

0.303 

2.6 

0.170 

0.226 

3.3 

0.147 

0.197 

3 

1.6 

0.260 

0.293 

1 2.7 

0.186 

0.202 

3.4 

0.162 

1 0.176 

3H 

1.5 

0.295 

0.282 

2.9 

0 191 

0.183 

3.5 

0.176 

0.167 

4 

1.7 

0.294 

0.248 

2.9 


0.176 

3.7 

0.182 

0.154 

5 

1.7 

0.340 

0.239 

3.0 

0.241 

0.165 

3.9 


0.138 

0 

1.7 

0.401 

0.233 

3.0 

0.259 

0.1.50 

4.0 

0.238 

0.130 

8 

1.9 

0.4.55 

0.201 

3.0 

0.318 

0.140 

4.0 

0.263 

0.116 

10 

1.9 

0.559 

0.198 

3.0 

0 383 

0.1.35 

4.0 

0.309 

Him 

12 

1.9 

0.648 

0.194 

3.0 

0.438 

0.131 

4.0 

0.361 

0.108 


which a surface resistance of 0.606, corresponding to a film conductance o 
1.65, was used in calculating the curves. This value provides a slight 
factor of safety and its use is known to give satisfactory field results. 
In using the chart it is advisable to specify the next thicker, rather than 
the next thinner, commercial insulation in cases where an intermediate 
thickness is indicated. 

Heat gains for pipes insulated with a material having an 
conductivity of 0.30 Btu per (sq ft) (lir) (F deg per in.) are given in Table 
8. This table may be used for any of the commercial insulations offered 
for this purpose since they have conductivities very near the 0.3 value 
used. 


INSULATION OF PIPES TO PREVENT FREEZING 

If the surrounding air temperature remains sufficiently low for an am plA 
period of time, insulation cannot prevent the freezing of still water, or of 
water flowing at such a velocity that the quantity of heat carried in the 
water is not sufficient to take care of the heat losses which will result and 
cause the temperature of the water to be lowered to the freezing point. 
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Insulation can materially prolong the time required for the water to give 
up its heat, and if the velocity of the water flowing in the pipe is main- 
tained at a sufficiently high rate, freezing may be prevented. 

Table 9 may be used for making estimates of the thickness of insu- 
lation necessary to take care of still water in pipes at various water and 
surrounding air temperature conditions. Because of the damage and 
service interruptions which may result from frozen water in pipes, it is 
essential that an efficient insulation be utilized. This table is based on 
the use of a material having a conductivity of 0.30. The initial water tem- 
perature is assumed to be 10 deg above, and the surrounding air temperature 
50 deg below the freezing point of water (temperature difference, 60 F), 

The last column of Table 9 gives the minimum quantity of water at 
initial temperature of 42 F which should be supplied every hour for each 
linear foot of pipe, in order to prevent the temperature of the water from 


Table 9. Data for Estimating Requirements to Prevent Freezing op 
Water in Pipes with Surrounding Air at — 18 F 


Nominal 

Pipe 

Size 

(Inches) 


Number of Hoi’rs to Cool 42 F 
Water to Freezing Point 


Water Flow Required at 42 F to 
Prevent Freezing, Pounds per 
Linear Foot oi* Pipe per Hour 


Thickness of Insulation in Inches (Conductivity, k » 0.30) 



2 

3 

4 

2 

3 

4 

Vi 

0.42 


0.57 

0.54 

0.45 


1 

0.83 


1.16 

0.68 

0.55 


IVi 

1.40 


2.02 

0.81 

0.68 

0.58 

2 

1.04 

2.48 

2.90 

0.95 

0.75 


3 

3.23 

4.27 

5.08 

1.24 

0.94 


4 

4.55 

6.02 

7.20 

1.47 

1.11 


5 

5.92 

7.96 

9.09 

1.73 

1.29 

1.06 

6 

7.35 

9.88 

12.20 

1.98 

1.46 

1.19 

8 

10.05 

13.90 

17.25 

2.46 

1.78 

1.43 

10 

13.00 

18.10 

22.70 

2.96 

2.12 

1.70 

12 

15.80 

22.20 

28.10 

3.43 

2.45 

1.93 


being lowered to the freezing point. The weights given in this column 
shoidd be multiplied by the total length of the exposed pipe line expressed 
in feet. As an additional factor of safety, and in order to provide against 
temporary reductions in flow occasioned by reduced pressure, it is ad- 
visable to double the rates of flow listed in the table. It must be empha- 
sized that the flow rates and periods of time designated apply only for the 
conditions stated. To estimate for other service conditions, the following 
method of procedure may be used. 

If water enters the pipe at 52 F instead of 42 F, the time requi^ to 
cool it to the freezing point will be prolonged to twice that given in the 
table, or the rate of flow of water may be reduced so that the quantity 
required will be one-half that shown in the last column of Table 9. 
However, if the water enters the pipe at 34 F, it will be cooled to 32 F in 
one-fifth of the time given in the table. It will then be necessary to 
increase the rate of flow so that five times the specified quantity of water 
will have to be supplied in order to prevent freezing. 

If the miniiniim air temperature is —38 F (temperature difference 80 F) 
instep of — 18 F, the time required to cool the water to the freezing point 
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will be 60/80 of the time given in the table, or the necessary quantity of 
water to be supplied will be 80/60 of that given. 

In making calculations to arrive at the values given in Table 9, the 
loss of heat stored in the insulation, the effect of a varying temperature 
difference due to the cooling of pipe and water^i and the resistance of 
the outer surface of the insulation to the transfer of heat to the air, have 
all been neglected. When these factors enter into the computations it is 
necessary to enlarge the factor of safety. Also as stated, the time shown 
in the table is that required to lower the water to the freezing point. A 
longer period would be required to freeze the water, but the danger point 
is reached when freezing starts. The flow of water will stop and the entire 
line will be in danger as soon as the water freezes across the section of the 
pipe at any point. 

When water must remain stationary longer than the times designated 
in Table 9, the only safe way to insure against freezing is to install a 
steam or hot water line, or to place an electric resistance heater along the 


Table 10. Thickness op Pipe Insulation Ordinarily Used Indoors* 


Steam Pressure 

PSIG 

OR Condition 

Steam Temperature 
Fahrenheit 
Degrees 

Thickness of Insulation 

Pipes Larger 
Than 4 In. 

Pipes 

2 In. to 

4 In. 

Pipes 

H In. 
to In. 

0 to 25 

212 to 267 

1 in. 

1 in. 

1 in. 

2.) to 100 

267 to 338 

in. 

1 in. 

1 in. 

KK) to 200 

338 to 388 

2 m. 

IH in. 

1 in. 

Low Superheat 

3SS to 500 

2H in. 

2 in. 

m in. 

Medium Superheat 

bOO to COO 

3 in. 

2H in. 

2 in. 

High Superheat 

eoo to 700 

3H in. 

3 in. 

2 in. 


* All piping located outdoors or exposed to weather is ordinarily insulated to a thickness } in. greater th»n 
shown in this table, and covered with a waterproof jacket. 


side of the exposed water line. The heating system and the water line are 
then insulated so that the heat losses from the heating system are not 
excessive, and the heating effect is concentrated against the water pipe 
where it is needed. For this form of protection 2 in. of an efficient insu- 
lation may be applied. 

ECONOMICAL THICKNESS OF PIPE INSULATION 

The thicknesses of insulation which ordinarily are used for various 
temperature conditions are given in Table 10. Where a thorough analysis 
of economic thickness is desired, this may be accomplished through the 
use of the chart, Fig. 6. 

The dotted line on the chart illustrates its use in solving a t}i}ical 
example. In using the chart, start with the scale at the left bottom 
margin representing the given number of hours of operation per year; 
then proceed vertically to the line representing the given value of heat; 
thence horizontally to the right, to the line representing the given tem- 
perature difference; thence vertically to the line representing the con- 
ductivity of the given material ; thence horizontally to the left, to the line 
representing the given discount on that material; thence vertically to 
the curve representing the required per cent return on the investment; 
thence horizontally to the right, to the curve representing the given pipe 
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(L. B. McMillan, Proc. National DUtrict Heating Aeeociation, Vol. 18, p. 138). 

Fig. 6. Chart for Determining Economical Thickness of Pipe Insulation 






Pipe Insulatioxl 


size; thence vertically to the scale at the top right margin where the 
economical thickness may be read off directly. 

A rapid method for determining the economical thickness of insulation 
by use of tables has been published^. 

UNDERGROUND PIPE INSULATION 

Underground steam distribution lines are carried in protective struc- 
tures of various t3rpes, sizes and shapes (See Chapter 29). Detailed data 
on commonly used forms of tunnels and conduit systems, have been 
published by the National District Heating Association^. 

Pipes in tunnels are covered with sectional insulation to provide 
maximum thermal efficiency, and are also finished with good mechanical 
protection in the form of metal or waterproofing membrane outer jackets. 
In some instances, where actual submersion of hot lines may occur, it has 
been found good practice to firmly secure the covering with corrosion 


Table 11. Thickness of Loose Insulation for Use as Fill in 
Underground Conduit Systems 


Steam 

Prksbure 

Pbio 

OR Condition 

Steam 

Temperature 

Fahrenheit 

Degrees 

Minimum Tiiiukvesb of Inbulation is Inches 

Minimum 

Distance 

Between 

Steam 

AND 

Return 


Steam Lines 


Return Lines 

Pipes Lesa 
than 4 In. 

Pipes 4 In. 
to 10 In. 

Pipes Larger 
than 12 In. 

Pipes Less 
than 4 In. 

Pipes 4 In. 
and Larger 

Hot Water, 
or 0 to 25 

212 to 267 

1)'2 

2 


IH 

IH 

1 

25 to 125 

267 to 352 

2 


3 

m 

VA 


Above 125, or 
superheat 

352 to 500 

2.H 

3 

3^ 


VA 

lA 


resistant wire, then sew on a wire-inserted asbestos fabric jacket with 
wire. This jacket is porous. The principle of withstanding submersion 
is that water may enter as water, then actually boil at the pipe surfaces 
and escape as steam without rupturing the insulation or jacket. Conduit 
systems are in more general use than tunnels. Pipes carried in conduits 
may be insulated with sectional insulation; however, the more usual 
practice is to fill the entire section of the conduit around the pipes with 
high (piality, loose insulating material. The insulation must be kept dry 
at all times, and for this purpose effective waterproofing membranes 
enclose the insulation. A drainage system is also provided to divert water 
winch may tend to enter the conduit. 

The economical thickness of insulation for underground work is difficult 
to determine accurately due to the many variables which have to be 
considered. As a result of theories* previously developed, together with 
other experimental data which have been presented, the usual endeavor 
is to secure not less than 90 per cent efficiency for underground piping. 
Table 1 1 can be used as a guide in arriving at the minimum thickness of 
loose insulation fills to use for laying out conduit systems. Other factors 
such as the number of pipes and their combination of sizes, as well as the 
standard conduit sizes, are primary controlling factors in the amount and 
thickness of insulation for use. 

When sectional insulation is applied to lines in tunnels or conduits, 
usual practice is to apply the most efficient materials J in. less in thick- 
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ness than that determined by the use of Fig. 6. The data in Fig. 6 are 
based on conditions of insulation exposed to the air, whereas normal 
ground temperature is substituted for air temperature in determining the 
temperature difference for use with the chart when applying it for under- 
ground pipe line estimates. 
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CHAPTER 29 

DISTRICT HEATING 


Steam Distribution Piping, Selection of Pipe Sizes, Conduits for Piping, Pipe 
Tunnels, Overhead Distribution, Inside Piping, Metering, Steam 
Requirements, Rates, Utilization, Automatic Temperature Control 


T he term district heating refers to the heating of several buildings from 
a central plant as in the heating of portions of cities, or to the heating 
of groups of buildings as in institutions and factories. It is usually prefer- 
able, in a group of industrial or institutional buildings, that they be heated 
from a central plant rather than by individual plants. Fuel can generally 
be burned more efficiently, less labor is required, and often a central plant 
is cheaper to install. Those phases of district heating which frequently fall 
within the province of the heating engineer are outlined here with data and 
information for solving incidental problems in connection with institutions 
and factories. Some oata are included to cover the piping peculiar to heat- 
ing systems which are to be supplied with purchased steam. A complete 
district heating installation should not be attempted without a thorough 
study of the entire problem by men competent and experienced in that 
industry. 

STEAM DISTRIBUTION PIPING 

The methods used in district heating work for the distribution of steam 
are applicable to any problem involving the supply of steam to a group of 
buildings. The first step is to establish the route of the pipes, and in this 
matter since the local conditions control the layout little can be said re- 
garding it. 

Having established the route of the pipes, the next step is to calculate 
the pipe sizes. In district heating work it is common practice to design 
the piping system on the basis of pressure drop. The initial pressure and 
the minimum permissible terminal pressure are specified and the pipe sizes 
are so chosen that the required amount of steam, with suitable allowances 
for future increases, will be transmitted without exceeding this pressure 
drop. The steam velocity is therefore almost disregarded and may reach 
a very high figure. Velocities of 35,000 fpm are not considered high. By 
the use of this method the pipe sizes are kept to a minimum with conse- 
quent savings in investment. 

The steam flowing through any section of the piping can be computed 
from a study of the requirements of the sever^ buildings served. In 
general a condensation rate of 0.25 lb per (hr) (sq ft of equivalent direct 
radiation) is a safe figure. This allows for line condensation which, how- 
ever, is a small part of the total at times of maximum load. Miscellaneous 
steam requirements such as laundry, cooking, or process should be indi- 
vidually calculated. The steam requirements for water heating should 
be taken into account, but in most types of buildings this load will be 
relatively small compared with the heating load and will seldom occur at 
the time of the heating peak. Unusual features such as large heaters for 
swimming pools should not be overlooked. 

The pressure at which the steam is to be distributed will depend upon 
(1) boiler pressure, (2) whether exhaust or live steam, (3) pressure require- 
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ments of apparatus to be served. If steam has been passed throu^ elec- 
trical generating units, the pressure will be considerably lower than if live 
steam, direct from the boilers, is used. 

The advantages of low pressure distribution (2 to 30 psi) are : (1 ) smaller 
heat loss per square foot of pipe surface, (2) less trouble with traps and 
valves, (3) simpler problems in pressure reduction at the buildings, and 
(4) general reduction in maintenance costs. With distribution pressures 
not exceeding 40 psi there is little danger even if the full distribution pres- 



Eaith nil 



Fig. 1. Construction Details op Conduits Commonly Used 


sure should build up in the radiators through the faulty operation of a 
reducing valve; but with pressures higher than 50 psi a second reducing 
valve or some form of emergency relief is usually desirable to prevent ex- 
cessive pressures in the radiators. 

The advantages of high pressure distribution are: (1) smaller pipe sizes 
and (2) greater adaptability of the steam to various operations other than 
building heating, (3) wider flexibility as to allowance for maximum pres- 
sure drop and ability to serve equipment requiring higher pressures. 

Frequently the different kinds of apparatus which must be served require 
various minimum pressures. Kitchen equipment requires from 5 to 15 
psi, the higher pressures being necessary for apparatus in which water is 
boiled, such as stock kettles and coffee urns. An increased amount of 
heating surface, which is easily obtained in some kinds of apparatus, re- 
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suits in quicker and more satisfactory operation at low pressures. For 
laundry equipment, particularly the mangle, a pressure of 75 psi is usually 
demanded, although 30 psi is sufficient if the flat work ironer is equipped 
with a large number of rolls and if a slower rate of operation is permissible. 
Pressing machines and hospital sterilizers require about 50 psi. l^ere 
pressures are not as high as desired higher pressures can be obtained by a 
steam compressor. 


PIPE SIZES 

I^e lengths of pipe, steam quantities, and initial and terminal pressures 
having been chosen, the pipe sizes can readily be calculated by means of 
Babcock^s pressure drop formula: 

( 3.6\ W^L 

1 + — 

D / dLr 



Numerical values of the various factors are given in Table 2, Chapter 23. 

CONDUITS FOR PIPING 

Conduits for steam pipes buried underground should be reasonably 
waterproof, able to withstand earth loads and to take care of the expansion 
and contraction of the piping without strain or stress on the couplings, or 
without affecting the insulation or conduit. Expansion of the piping must 
be carefully controlled by means of anchors and expansion joints or bends 
so that the pipes can never come in contact with the conduit. Anchors 
can be anchor fittings or U-shaped steel straps which partially encircle the 
pipes and are firmly bolted to a short length of structural or cast steel set in 
concrete. In general, cast steel is preferable to structural steel. 

Important points in laying out underground conduits are: 

1. The depth of the buried conduit should be kept at a minimum. Excavation 
costs are a large factor in the total cost. 

2. An expansion joint, offset, or bend should be placed between each two anchors. 
Advantage should be taken of the flexibility of piping to absorb expansion wherever 
possible. Information on provisions for expansion will be found in Chapter 27. 

3. A proper hydrostatic test should be made on the assembled line before the 
insulation and the top of the conduit are applied. The hydrostatic test pressure 
should be one and one-half times the maximum service pressure and it should be held 
for a period of at least two hours without evidence of leakage. 

There are many types of conduits, some of which are manufactured 
products and some of which are built in the field. Some of the more com- 
mon forms are illustrated in Fig. 1. 

The conduit (A) is of a wood casing construction which has been widely 
used in the past. The wood casing is segmented, lined with tin, and bound , 
with wire. The outside of the conduit is coated with asphaltum. It is 
not suitable for high temperatures or poorly drained soils. 

In Fig. 1 (B), (C), (D), (H) and (I) are patented forms of conduits. 
The insulation is sometimes a loose filler pacW into the conduit. Con- 
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duits (H) and (I) are prefabricated. Both of these conduits are enclosed 
in metal jackets. 

At (C) and (E) are shown two tile conduits using sectional insulation. 
In these particular desi^s the space surrounding the pipe is filled partially 
or wholly with a loose insulating material. The addition of this loose in- 
sulating material to the sectional insulation is, of course, optional and is 
justified only where high pressure steam is used. 

(E) and (F) are conduits used by two district heating companies, and 
have the advantage of being constructed of common materials. 

Conduit (G) is of cast-iron construction, assembled with lead joints and 



Fig. 2. Connections for Reducing Valve Without Bypass 



Fig. 3. Connections for Reducing Valve with Bypass 

is water-tight, if properly laid. It is obviously expensive and is justified 
only in exceptional cases. 

Since it is difficult to make a concrete or masonry conduit absolutely 
water-tight, provision should be made for some seepage. The pipe should 
be protected by a waterproof jacket over the insulation and the seepage 
drained from the inside of the conduit. Underdrainage of the conduit is 
generally provided for by a tile drain laid in crushed stone or gravel under- 
neath the conduit. The tile underdrain should be carried to the sewer or 
some other drainage point. Manholes are required at intervals for access 
to valves, traps, and some types of expansion joints. 

Where steam and return piping are installed in the same conduit, the 
return piping usually follows the same grade as the steam piping. In 
general, the condensation is pumped back under pressure. 

Where it is possible to use basement or sub-sidewalk space for the distribu- 
tion piping the cost of installation and maintenance is greatly reduced. 
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PIPE TUNNELS 

Where steam heating lines are installed in tunnels large enough to pro- 
vide walking space, the pipes are supported by means of hangers or roller 
frames on brackets or frame racks at^the side or sides of the tunnel. TTie 
pipes are insulated with sectional pipe insulation over which is placed a 
sewed-on, painted canvas jacket or a jacket of asphalt-saturated asbestos 
water-proofing felt. The tunnel itself is usually built of concrete or brick 
and water-proofed on the outside with membrane water-proofing. 

Because of their relatively high first cost as compared with smaller con- 
duits, walking tunnels are sometimes omitted along heating lines unless 
they are required to accommodate miscellaneous other services or provide 
underground passage between buildings. 

OVERHEAD DISTRIBUTION 

In some industrial and institutional applications, the distribution piping 
may be installed, entirely or in part, above ground. This method of con- 

Pressure reducing valve 



- At least 12 feet of 


Pitch 


Customer's work 
starts here 


Customer's 
pressure 
reducing valve 


Heating mam 


Customer's 
control valve 

Note— All valvM, fittingt, and 
traps up to and Ineluding 
eustomor*s control valve to 
bo at loast oqual to Amorl- 
Ican Standard 160 lb. 

S. S. P. Pip# to bo Sehad- 
ulo 40. 

Continuous -flow type 
float trap 

Fia. 4. Steam Supply Connection when Using Two Reducing Valves 



struction has the advantage of requiring no excavation and being easily 
maintained. 


INSIDE PIPING 

Figs. 2 and 3 show typical service connections used for low pressure steam 
service. 

Fig. 2 shows installation of a reducing valve without a b3rpass, which is 
usually omitted in the case of smaller size valves. 

Fig. 3 illustrates the use of a reducing valve, with a bypass which is gen* 
erally provided for larger installations. This latter construction permits 
the operation of the line in case of failure in the reducing valve. In the 
smaller sizes, the reducing valve can be removed, a filler installed, and the 
house valve used to throttle the flow of steam until repairs are made. 

Fig. 4 shows a typical installation used for high pressure steam serviced 
The first reducing valve effects the initial pressure reduction. The second 
reducing valve reduces the steam pressure to that required. 

In a heating system the pipes carrying condensate are more subject to 
corrosion than other parts of the system. Care must be taken to give 
proper pitch to the pipes and provide proper venting of non-condensable 
gases. (See Chapter 51, Corrosion). 

Most district heating companies enforce certain regulations regarding 
the consumer’s installation, partly to safeguard their own interests, but 
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principally to insure satisfactory and economical service to the consumer. 
There are certain fundamental principles that should be followed in the 
design of a building heating system which is to be supplied from street 
mains. Although some of these apply to any building, they have been 
demonstrated to be especially important when steam is purchased. 

1. Provision should he made for conveniently shutting off the steam supply at night 
and at other times when heat is not needed. 

It has been thoroughly demonstrated that a considerable amount of heat can be 
saved by shutting off steam at night. Although there is, in some cases, an increased 
consumption of heat when steam is again turned on in the morning, there is a large 
net saving which may be explained by the fact that the lower inside temperature 
maintained during the night obviously results in lower heat loss from the building, 
and less heat need therefore be supplied. 

Steam can be entirely shut off at night in most buildings even in very cold weather 
without endangering plumbing. It is necessary, however, to have an ample amount 



Fig. 5. Method of Installing a Water Heater and Economizer in a Gravity 

Heating System 

of heating surface so that the building can be quickly warmed in the morning. Where 
the hours of occupancy differ in various parts of the building, it is good practice to 
install separate supply pipes to the different parts. For example, in an office build- 
ing with stores or restaurants on the first floor which are open in the evening, a sepa- 
rate main supplying the first floor will permit the steam to be shut off from the 
remainder of the building in the late afternoon. The division of the building into 
zones each with a separately controlled heat supply is sometimes desirable, as it 
permits the heat to be adjusted according to variations in sunshine and wind. 

f . Residual heat in the condensate should he salvaged. 

This heat may be salvaged by means of a cooling coil, or as is more frequently 
done, by a water heating economizer (see Fig. 5) which preheats the hot water supply 
to the building. 

The condensate from the heating system, after leaving the trap, passes through 
the economizer. The supply to the hot water heater passes through the economizer, 
absorbing heat from the condensate. If the hot water system in the building is of 
the recirculating type, the recirculating connection should be tied in between the 
economizer and the water heater proper, not at the economizer inlet, because the 
recirculated hot water is itself at a high temperature. 



District Heating 


601 


Because of the lack of coincidence between the heating system load and the hot 
water demand, a greater amount of heat can be extracted from the condensate if 
storage capacity is provided for the preheated water. Frequently a type of econ- 
omizer is used in which the coils are submerged in a storage tank. 

5. Heat supply should be graduated according to variaiiorts in the outside temperature. 

The maximum in economical operation and satisfactory heating can only be ob- ^ 
tained by the use of some automatic temperature control system. 

METERING 

The perfection of fluid meters has contributed as much to the advance- 
ment of district heating as any other one thing. Meters are classifled 
into two groups: Condensate Meters and Rate of Flow Meters. 

Condensate Meters 

The one type of quantity meter used is the condensate meter, which 
may be of the tilting bucket or revolving drum type. 

The condensate meter is a popular type for use on small and medium 



Fig, C. Gravity Installation for Condensation Meter Using 
Vented Receivers 

sized installations, where all the condensate can be brought to a common 
point for metering purposes. Its simplicity of design, ease in testing, ac- 
curacy at all loads, low cost, and adaptability to low pressure distribution 
lias made it standard equipment with many heating companies. 

(’ondensate meters should not be operated under pressure; they are 
made for either gravity or vacuum installations. Where bucket traps are 
used, a vented receiver is essential ahead of the meter. Where continuous 
flow traps are used, a vented receiver is not necessary, but is desirable. 
Fig. 0 illustrates a gravity condensate meter installation using a vented 
receiver. 

Rate of Flow or Flow Meters 

Flow meters used for district heating work are of three types: Area 
Meters, Head Meters and Velocity Meters. (See Chapter 4, Fluid Flow.) 

Area meters are those, in the operation of which, a variation in the cross- 
section of stream under constant head is used as an indication of the rate 
of flow. A tapered plug is suspended in an orifice and moves axially with 
the flow, which is vertically upward. The weight of the plug provides a 
definite pressure differentia and the plug floats at such a hei^t as will 
provide enough orifice aYea to pass the flow at the pressure difference. The 
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position of the plug is transmitted by means of a lever and pencil and 
records the flow on a graduated strip chart. 

Head meters are those in which the stream of fluid creates a difference 
of pressure, or differential head. This head is created by an orifice, Venturi 
tube, flow nozzle, or Pitot tube and will depend upon the velocity and 
density of the fluid. The secondary element must contain a differential 
pressure gage, which will translate the pressure difference into rate of flow 
or total flow. This mechanism may be either mechanical or electrical. 
The electric flow meter has the advantage of being able to locate the instru- 
ments at some distance from the primary element. 

Fig. 7 is a typical example of an orifice-type meter installation. A few 
general points to be considered in installing a meter of this type are: (1) 



It is desirable to place the differential medium in a horizontal pipe in prefer- 
ence to a vertical one, where either location is available. (2) Reservoirs 
should always be on the same level and installed in accordance with the 
instructions of the meter company. (3) The meter body should be placed 
at a lower level than that of the pressure differential medium. Special 
instructions are furnished where the meter body is above. (4) Meter 
piping should be kept free from leaks. (6) Sludge should not be permitted 
to collect in the meter body, (6) The meter body and meter piping should 
be kept above freezing temperatures. (7) It is best not to connect a meter 
body to more than one service. (8) Special instructions are furnished for 
metering a turbulent or pulsating flow. 

Velocity meters are those in which the primary element is some device 
that is kept in continual rotation by the linear motion of the stream. The 
secondary element is, essentially, a revolution counter. The primary and 
secondary elements are combined into one unit. 

For steam metering, the shunt meter is an example of the velocity type. 
This unit is connected directly in 2, 3 and 4 in. pipe lines. Larger size 
mains are metered by installing a 2 in. meter in a bypass with a restricting 
orifice in the main line. 
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Selection of Meter 

In selecting a meter for a particular installation, the number of different 
makes and types of meters suitable for the job is usually limited by one 
or more of the following considerations: (1) Its use in a new or an old 
installation. (2) Method to be u^d in charging for the service. (3) 
Location of the meter. (4) Large or small quantity to be measured. (5) 
Temporary or permanent installation. (6) Cleanliness of the fluid to be 
measured. (7) Temperature of the fluid to be measured. (8) Accuracy 
expected. (9) Nature of flow: turbulent, pulsating, or steady. (10) 
Cost. a. purchase price, b. installation cost, c. calibration cost, d. main- 
tenance cost. (11) Servicing facilities of the manufacturer. (12) Pres- 
sure at which fluid is to be metered. (13) T3rpe of record desired as to 
indicating, recording or totalizing. (14) Stocking of repair parts. (15) 
Use of open jets where steam is to be metered. (16) Metering to be done 
by one meter or by a combination of meters. (17) Use as a check meter. 
(18) Its facilities for determining or recording information other than 
flow. (19) Whether or not the condensate can be returned to a central 
point. 

STEAM REQUIREMENTS 

Methods of estimating steam requirements for heating various types of 
buildings are given in Chapter 20. 

Table 6 in Chapter 20 represents information obtained from all sections 
of the United States, and the group of buildings from which the informa- 
tion was taken represents a cross-section of all types of heating systems. 

Steam requirements for water heating can be satisfactorily estimated 
by using a consumption of 0.0025 lb per (day) (cu ft of heated space) for 
office buildings, without restaurants, and 0.0065 lb per (day) (cu ft of 
heated space) for apartment buildings. 

Complete information on water heating requirements is given in 
Chapter 50. 

Additional data on steam requirements of various types of buildings in 
a number of cities may be found in the Handbook of the National District 
Heating Association. 

RATES 

Fundamentally, district heating rates are based upon the same princi- 
ples as those recognized in the electric light and power industry, the main 
object being a reasonable return on the investment. However, there are 
other requirements to be met ; the rate for each class of service should be 
based upon the cost to the utility company of the service supplied and 
upon the value of the service to the consumer, and it must be between 
these two limits. District heating rates should be designed to produce a 
sufficient return on the investment regardless of weather conditions, al- 
though existing rate schedules do not always conform to this principle. 
Lastly, the rate schedule must be reasonably simple and understandable. 

Glossary of Rate Terms 

Load Factor. The ratio, in per cent, of the average hourly load to the 
maximum hourly load. This is usually based on a one year period but 
may be applied to any specified period. 

Demand Factor. The relation between the connected radiator surface, 
or required radiator surface, and the demand of the particular installation. 
It varies from 0.25 to 0.3 lb per (hr) (sq ft of surface). 
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Diversity Factor, The ratio of the sum of the individual demands of a 
number of buildings to the actual composite demand of the group. 

Types of Rates 

The various types of rates to be found in use in district heating systems 
are: 

1. Straight-IAne Meter Rate. The price charged per unit is constant, and the con- 
sumer pays in direct proportion to his consumption without regard to the difference 
in costs of supplying the individual customers. 

2. Block Meter Rate. The pounds of steam consumed by a customer are divided 
into blocks of thousands of pounds each, and lower rates are charged for each suc- 
cessive block consumed. This type of charge predominates in steam heating rate 
schedules for it has the advantage of proportioning the bill according to the consump- 
tion and the cost of service. It has the disadvantage of not discriminating between 
customers having a high load factor (relatively low demand) and those having a low 
load factor (relatively high demand). The utility company must maintain sufficient 
capacity to serve the high demand customers and the cost of the increased plant 
investment is divided equally among the users, so the high demand customers are 
benefited at the expense of the others. 

3. Demand Rates. These refer to any method of charge based on a measured 
maximum load during a specified period of time. 

The^af demand rate is usually expressed in dollars per thousand pounds of demand 
per month or per annum. It is based on the size of a customer’s installation, and is 
seldom used except where a meter is not practicable. 

The Wright demand rate is similar in calculation to the block rate except that it is 
expressed in terms of hours* use of the maximum demand. It is seldom used but 
forms the basis for other forme of rates. 

The Hopkinson demand rate is divided into two elements : 

(а) A charge based upon the demand, either estimated or measured. 

(б) A charge based upon the amount of steam consumed. 

This rate may be modified by dividing the quantities of steam demanded and con- 
sumed into blocks charged for at different rates. 

The Doherty rate is divided into three elements : 

(a) A charge based upon demand. 

(b) A charge based upon steam consumed. 

(c) A customer charge. 

In the Hopkinson rate, the last two elements are combined into one element. 

Demand rates are comparatively new and arc not yet widely used ; 
though they are equitable and competitive they are difficult for the average 
layman to understand. They are of benefit to utility companies and to 
consumers because the investment and operating costs can be divided, to 
suit the particular circumstances, into demand, customer, and consumption 
groups through the use of some modification of the Hopkinson rate. De- 
mand rates are an advantage to the customer in that the use of such a rate 
reduces the rate per thousand pounds to the long-hour user. 

Fuel Price Surcharge. It is usually desirable to establish a rate upon a 
specified basic cost of fuel to the utility company. Where there are wide 
variations in the price of fuel, it is also desirable to add a definite cliarge 
per thousand pounds of steam sold for each increment of increase in the 
price of fuel. This surcharge automatically compensates for the variations 
without necessitating frequent changing of the whole rate structure. 

Some utility companies include a labor surcharge as well as a coal sur- 
charge. 

UTILIZATION 

Considerable savings can be made by the proper and intelligent operation 
of beating systems. It should be borne in mind that a heating system is 
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designed to heat a building to 70 F inside when the outside temperature is 
at its lowest point for that particular locality. There is a tendency to over- 
heat the building at any time the outside temperature is above the design 
temperature unless some method of regulation is used, either automatic or 
manual. 

The general rules for economical operation® are as follows : 

1. Reduce the heat loeeea from the building to a minimum. 

a. Weatherstrip all windows, and caulk all window frames. 

h. Provide revolving or vestibule doors on all entrances. Separate shipping 
and receiving rooms from the remainder of the building by partitions so that 
the large doors will not ventilate the entire building. 

c. Eliminate all unnecessary ventilation. Ventilating equipment is usually 
sized to meet extreme requirements. In a theater or auditorium, do not 
supply enough ventilation for an audience of 2000 when there are only 200 
present. 

2. Ldmit the houre of heating to those in which the required temperature is necessary. 

а. Determine the hours that heating is required and see that steam is shut off 
for the maximum time when not required, such as nights, Sundays, and 
holidays. 

б. Shut steam off entirely in unoccupied sections of the building, taking care 
to avoid freezing plumbing. 

c. Install separate lines for those parts of the building that require long-hour 
or 24-hour heating. This is much cheaper than heating the entire building. 

d. Control the heat supplied to water storage tanks located on or above the 
roof. Such tanks require heat to prevent freezing when the outdoor temper- 
ature is below 32 F. 

3. Regulate the amount of heat so as to prevent overheating and to maintain uniform 

temperatures during the hours of occupancy. 

a. Determine the temperature required for the occupancy of a building. Do 
not heat a storage garage or a furniture warehouse to the temperature re- 
quired in a hospital ward. 

h. Shut off steam during the day whenever possible. An automatic control 
will do this, but it can be done by hand, with good results. 

c. Provide some good means of temperature control. 

4. See that the heat input is properly balanced throughout the building. 

a. See that the entire heating system responds rapidly when steam is turned 
on. Locate and eliminate the cause of any sluggish circulation. Balance 
the radiation, provide adequate air elimination, and correct any trapped 
run-outs to provide quick system drainage. 

b. Place the radiation near the outside walls under the windows or where the 
exposure occurs, if possible. 

c. Do not obstruct radiators or prevent the free circulation of air around them; 
to do so seriously reduces the heating capacity of a radiator. 

5. Keep all heating equipment in first class condition. 

a. Keep the system in good repair. This applies to all traps, valves, vents, 
steam and return piping, vacuum pumps, and temperature control 
apparatus. 

b. In a vacuum system, maintain the degree of vacuum recommended by the 
control manufacturer. If this is not possible, locate and eliminate all leaks. 

c. Insulate all steam pipes not used as heating surface. 

6. Arrange the heating system to obtain from it the highest possible efficiency. 

a. Locate all valves and controls so as to be convenient and accessible. It is 
only human nature to delay or avoid doing that which is unnecessarily in- 
convenient. 

b. Investigate every complaint of ‘*No Heat”; find the cause and correct it. 
Do not overheat an entire building to correct a local condition. 



606 


CHAPTER 29 


1949 Guide 


c. Extract the heat in the condensate for heating water or for some other useful 
purpose. 

7. Make a study of the heating system and heating requirements, 

a. Provide thermometers and recording pressure gages so that the heating sys- 
tem may be operated with full knowledge of what is being accomplished. 
h. Keep daily consumption records and check against the theoretical require- 
ments. 

c. Study the system and understand its functions and its operations. 
AUTOMATIC TEMPERATURE CONTROL 

As stated in Chapter 34, Automatic Control, properly applied to heating, 
ventilating and air conditioning systems, makes possible the maintenance 
of desired conditions with maximum operating economy. The use of ade- 
quate temperature control provides more healthful, comfortable, and 
efficient working conditions in buildings. 

There are three general means of obtaining centralized control of heat 
output of radiators. 

1. Controlling the rate of steam flow into the radiators. This is accomplished by 
equipping the radiator inlets with orifices and controlling the flow of steam through 
them into the radiator by controlling the difference in pressure between the supply 
and return. 

2. Controlling the temperature of steam in the radiators by varying its pressure. 
This involves the use of high vacuums to obtain low steam temperatures. This must 
be supplemented by some other type of control for low heat output. 

3. Controlling the length of time steam flows into the radiators by admitting steam 
to a heating system intermittently and varying the length of the on and off periods. 
Two types of controls are used. (1) A clock control providing on and off settings of 
various lengths, which can be changed in accordance with outside temperatures. In 
most cases these changes are made automatically by means of a thermostatic bulb, 
placed outdoors. (2) A control, having an outdoor bulb and a bulb attached to the 
radiator, which varies the length and frequency of the on intervals in such a way that 
the radiator temperature is varied according to the outside temperature. In some 
cases heat supply is controlled by combinations of the three methods described. 

Before installing any type of modem temperature control equipment, it 
is necessary to see that the heating system is put in good operating condi- 
tion. In general, the heating system in a building is not given the attention 
that other mechanical equipment is given because it will continue to func- 
tion, after a fashion, even though changes in piping, location of radiation, 
settlement of piping, and the normal wear and tear or other changes have 
taken place. Because of this depreciation of the system, operation becomes 
more and more costly and parts of the building have to be greatly over- 
heated in order to prevent underheating in other parts. Vents, traps, 
vacuum pumps, and valves should be given a careful inspection and re- 
placed or repaired if required. The piping should be of adequate size and 
graded properly. The return piping should be inspected, and any pockets 
or lifts removed and properly vented. These inspections and repairs are 
not costly and may prevent a much greater outlay in future years. In 
most cities district heating companies will be willing to make a survey 
of heating systems and offer recommendations in regard to operation and 
changes in piping layout. 

The selection of control equipment depends upon the type and size of 
building and the degree of saving which may be obtainable. 

REFERENCES 
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E lectric heating deals with the conversion of electrical energy into 
heat and the distribution and practical use of the heat so produced. 
In certain regions, where the cost of electricity is favorable, electric heating 
is used extensively. Its use is also frequently dictated by special con- 
ditions. 

Definitions of the terms Electric Resistor^ Electric Heating Element^ 
Electric Heater and other terms applying to heating practice, will be found 
in Chapter 1. 


RESISTORS AND HEATING ELEMENTS 

Commercial electric heating elements usually have solid resistors such 
as metal alloys or non-metallic compounds containing carbon. In some 
types of electric boilers, water forms the resistor which is heated by passing 
an alternating electrical current through it. 

In one type of heating element, the resistors are exposed coils of nickel- 
chrominum wire or ribb^on, or non-metallic rods, mounted on insulators. 
This type is used extensively for operation at high temperatures for radiant 
heat or at low temperatures for convection and fan circulation heating. 

Some elements have metallic resistors embedded in a refractory insulat- 
ing material, encased in a protective sheath of metal. Fins or extended 
surfaces add heat-dissipating area. Elements are made in many forms, 
such as strips, rings, plates and tubes. Strip elements are used for clamp- 
ing to surfaces requiring heat by conduction, in some types of convection air 
heaters and in low temperature radiant heaters. Ring and plate elements 
are used in electric ranges, wafile irons, and in many small air heaters. 
Tubular elements may be immersed in liquids, cast into metal, and, when 
formed into coils, used in electric ranges and air heaters. 

Cloth fabrics woven from flexible resistor wires and asbestos thread are 
used for many low temperature purposes such as heating pads, aviators’ 
clothing and radiant panel heating installations. 

Special incandescent lamps are used as heating elements in certain 
applications where radiant heat is desired. These use carbon or tungsten 
filaments as resistors, and are designed to produce maximum energy in the 
infra-red portion of the spectrum. 

ELECTRIC HEATERS 

Conduction electric heaters, which deliver most of their heat by actual 
contact with the object to be heated, are used in such appliations as 
aviators’ clothing, hot pads, soil heaters, and water heaters. Conduction 

e07 



606 


CHAPTER 30 


1946 Guide 


heaters are useful in conserving and localizing heat delivery at definite 
points. They are not suitable for general air heating. 

Radiant electric heaters^ which deliver most of their heat by radiation, 
have heating elements and reflectors to concentrate the heat rays in the 
desired directions. They are not satisfactory for general air heating, as 
radiant heat rays do not warm the air through which they pass. They 
must first be absorbed by walls, furniture, or other solid objects which then 
give up the heat to the air. For a discussion of electrically heated panels as 
applied to radiant heating, see Chapter 31. 

Gravity convection electric heaters, designed to induce thermal air circula- 
tion, deliver heat largely by convection, and should be located and used 
in much the same manner as steam and hot water radiators or convectors. 
They generally have heating elements of large area, with moderate surface 
temperature, enclosed to give proper stack effect to draw cold air from 
the floor line. The flexibility possible with electric heating elements 
should discourage the use of secondary mediums for heat transfer. Water 


Power supply 



and steam add nothing to the efficiency of an electric heater and entail 
expensive construction and maintenance. 

Induction and dielectric heaters are described in a later section. 

UNIT HEATERS 

Electric unit heaters include a built-in fan unit which circulates room 
air over heating elements. They are adapted to the same uses as other 
types of unit heaters where conditions are favorable to electric heating. 
They are very adaptable for heating of small offices, locker rooms, etc., in 
otherwise unheated buildings. In small unattended equipment rooms, 
thermostatically controlled electric unit heaters are frequently used to 
maintain a temperature above freezing. 

The best location for electric unit heaters depends upon local conditions. 
Various designs and arrangements are available, as with steam unit heaters. 
See Chapter 26. 

The arrangement of the wiring circuits is very important. In principle, 
they are all the same and include as essential elements, a magnetic control 
contactor, a thermostat, and a master hand switch. All heaters should be 
designed with a safety thermal trip wired in series with the magnetic con- 
tactor and with the hand switch and thermostat. A typical wiring diagram 
for single phase powder supply is shown in Fig. 1 . A main disconnect switch 
should be provided. For three phase power supply, a 3-pole contactor 
should be used and the heater arranged for 3-phase connection. On larger 
sizes, separate over-load protection for the motor should be provided. 
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If the line voltage is more than 120 to ground, it is advisable to supply the 
thermostatic control circuit through a transformer. 

CENTRAL HEATING AND AIR CONDITIONING 

* 

Electric heating elements can be used for the prime source of heat in a 
central fan heating system or in the heating phase of an air conditioning 
system. They can be used in the same manner as steam heating units for 
tempering, preheating or reheating the air at the main supply fan location 
and as booster heaters at the delivery terminals of the duct system. In the 
humidification phase of air conditioning, electric heating elements can be 
used to provide moisture by the evaporation of water. 

In coordinating the input of heat energy and the volume of air circu- 
lation, a basic difference between electric heating and steam heating enters 
into the problem. Steam is approximately a constant-temperature 



source of heat for any given pressure and a change in air volume flowing 
over steam coils does not greatly affect the temperatures of the delivered 
air. The amount of steam condensed (heat input) varies in proportion to 
the air volume, but the surface temperature of the steam coils remains 
about the same. Electric heat is quite different, having a constant input 
of energy. If the volume of air flow over electric heating elements is 
changed, and no change is made in the electrical power connections, there 
will be a corresponding change in the temperature of the air delivered. 
This occurs because the electrical energy input remains constant and the 
surface temperature of the heating elements will vary as is necessary to 
force the air to accept all the heat. With electric heat the total heat is 
constant unless some compensating action is performed by control. Auto- 
matic variation of the electrical heat input synchronized properly with 
the air flow can be successfully accompli^ed by various special methods 
of control. By-pass dampers as used with steam units will not control 
electric heat. 

Electric heaters are useful in balancing the heat distribution in central 
fan systems. Even in those instances where steam is the principal heat 
source, the temperature of individual rooms can be controlled locally by 
separate electric booster heaters. These heaters can be installed in branch 
ducts or behind the air outlet grilles in each room. With this arrangement, 
the central heating unit distributes air at an average temperature, con- 
trolled from a thermostat centrally located, such as in the main return 
duct. The electric booster heaters may be controlled by thermostats 
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mooted in each individual room to permit the occupant to maintain any 
desired temperature independent of the rest of the building. 

ELECTRIC BOILERS 

Steam or hot water generating boilers using electrical energy are entirely 
automatic and are well adapted to intermittent operation. Small electric 
boilers usually have heating elements of the enclosed metal resistor type 
immersed in the water. Boilers of this construction may be used either 
with direct or alternating current since the heat is delivered to the water 
by contact with the hot surfaces. To lessen the likelihood of burning out 
of heating elements they should be of substantial construction, with a 
low heat density per unit of surface area and provision should be made for 



Fig. 3. Diagrammatic Arrangement of an Electrode Boiler 

cleaning off deposits of scale which restrict the heat flow. A typical 
resistance type of steam or hot water boiler is shown in Fig. 2. 

Large electric boilers are usually of the type employing water as the 
resistor, using immersed electrodes. With this type only alternating 
current can be used, as direct current would cause electrolytic deteriora- 
tion. Such a type of electrode boiler is shown in Fig. 3. 

Electric steam boilers are useful in industrial plants which require 
limited amounts of steam for local processes and for sterilizers, jacketed 
vessels and pressing machines which need a ready supply of steam. It 
sometimes is economical to shut down the main plant fuel burning boilers 
when the heating season ends, and to supply steam for summer needs with 
small electric steam boilers located close to the operation. 

ELECTRIC HOT WATER HEATING 

Electric water heating, using an electric boiler in place of a fuel burning 
boiler, like electric steam heating, is generally confined to auxiliary or 
other limited applications. The use of insulated water storage tanks, in 
which to store heat generated by electricity during off-peak hours at 
extremely low rates, is a development which has some special applications. 

In this system of heating, the primary storage tank is simply a large, 
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well-insulated, pressure type steel tank, equipped with electric heating 
elements and automatic time switches, which also have automatic limit 
controls for temperature and pressure. The heating system installed in 
the building may be of any standard djesign. A system of this kind requires 
very careful design to avoid excessive over-all radiation losses during 
periods of low heat demand. It is also important to provide for sudden 
changes in heat demand. A typical water heating boiler is illustrated in 
Fig. 2. 


HEATING DOMESTIC WATER BY ELECTRICITY 

Electric water heaters of the automatic storage type for domestic hot 
water supply are simple and reliable. In many sections of the country 
low electric rates have been established by the electric utilities to secure 
this load. In many localities, electric rate schedules divide the current 



Fig. 4. Piping Arrangement for Fig. 5. Domestic Hot Water 

Connecting Electric Water Heater for Off-Peak 

Heater to Fire-Box Coil Service 


used for water heating into two classifications, regular and off-peak. A 
time switch automatically limits use of the off-peak heating element to 
the hours of off-peak load, while the regular heating element is a stand-by 
at all times. Storage of this two-element type of water heater is larger 
than average to help carry over the periods when the off-peak element is 
timed out. Some utilities now offer a schedule which, beyond a stipulated 
minimum, lowers the rate for all electric service if an electric water heater 
is installed. 

Competition with other fuels, especially gas, seems to be the major 
controlling factor in the use of electricity. The first cost of electric storage 
heaters is greater than for gas, owing to the need for larger tank storage due 
to off-peak service and slower recuperating capacity. 

In residential work, to effect a saving in the cost of operation, it is 
sometimes desirable to use a furnace coil or indirect heater in connection 
with an electric water heater. In this case it is important to make the 
proper connections in order to benefit by any heat obtained from the 
furnace and at the same time to prevent dangerous overheating. The 
proper piping connections are sho>vn in Fig. 4, and in this case the electric 
heater will T)nly furnish heat when insufficient heat is supplied from the 
furnace. This arrangement has a further advantage in the summertime 
in that the bare tank through which the cold water passes on its way to 
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the electric heater serves as a tempering tank, absorbing heat from the 
basement air and requiring the use of less energy in the electric heater. 

A typical domestic hot water heater as shown in Fig. 5 is arranged with 
upper and lower heating elements for the usual type of off-peak heating 
service. The lower heating element is under the control of the off-peak 
time switch. However, the upper heating element is usually connected 
to the line so that, in case the supply of hot water in the tank becomes 
exhausted, the top thermostat can turn on the top heater and heat a small 
supply of water. The top heater will not heat the water in the tank 
below its location, but when the off-peak period arrives the lower heater 
is turned on and the entire tank becomes heated. 

CALCULATING CAPACITIES 

In calculating electric heating capacity one kilowatt is equal to 3413 
Btu per hour or 14.2 sq ft equivalent direct steam radiation. 

All of the energy applied to an electric resistor is transformed into heat. 
The output of an electric heater is a fixed constant, unaffected by the 
temperature of the surrounding air and the total load on an electric heating 
system is the total wattage of the connected electric heaters. 

RADIANT DRYING 

Lacquers and similar surface films can be very effectively dried by 
radiation. Special electric lamp units have been developed which give off 
a high percentage of infra-red and similar heat rays. For continuous 
manufacturing processes these units are mounted in tunnels through which 
conveyors pass. For local applications, as for example paint drying in 
automobile repair shops, they may be mounted on portable racks. Ob- 
jects of relatively large surface area in proportion to their weight, and 
fabricated materials having a rather high heat absorption, may be satis- 
factorily heated by such a source. 

For drying, baking, pre-heating and de-hydrating, where a low tem- 
perature infra-red heat source is desired, or where the use of glass-enclosed 
radiant lamps is objectionable for safety reasons, electric heating units 
employing low temperature metal sheathed resistors, are available. 

ELECTRIC HEATING BY INDUCTION AND DIELECTRIC MEANS 

These methods differ radically from resistance heating. They have many 
important industrial uses and open up a whole new field of special applica- 
tion where extreme speed or control of heat location are vital. 

Metals and other electrical conductors can be heated by induction. 
The work is placed in an alternating magnetic field within, or adjacent to, a 
coil, and heat is produced in the body of the piece by eddy currents. While 
induction heating has certain limitations, it has great advantages in certain 
applications such as melting metals, forging, dazing, heat treating and 
particularly for localized heating and zonal hardening of metals. It is 
possible to apply localized heat so rapidly that conduction cannot draw the 
heat away before it has time to accomplish the desired purpose at a par- 
ticular spot. Surfaces and local areas can be hardened without distortion 
or scale formation. 

Commercial 60-cycle alternating current may be used in special cases, 
such as induction heating of large pressure vessels, but generally special 
higher frequency generating equipment is required. This should be 
carefully selected for the particular kind of work to be done. Motor- 
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generators with frequencies in the vicinity of 250 cycles per second, are 
used for many melting furnaces. Motor-generators having frequencies 
between 2,000 and 10,000 cycles per second, are generally used for heat 
treating and hardening sizeable parts. For heating or brazing thin sections 
or small parts, electronic tube oscillators, spark discharge oscillators, or 
mercury arcs are used to produce frequencies ranging up to 500,000 cycles 
per second. Work coils used with high frequency induction heating are 
generally copper tubes through which cooling water is circulated. These 
must be specially designed for each application. 

Non-conductors of electricity can be heated internally by dielectric 
means by placing the materials in a high frequency electrostatic field 
between electrode plates. This process is distinctly different from the 
induction heating process. High voltages and very high frequencies, 
often up to 50 million cycles, are needed to produce the desired rate of 
heating. The main field for dielectric heating is with materials which are 
poor thermal conductors. Food can be sterilized, plywoods bonded, 
plastics heated, granular or crystalline material dehydrated, deep-pile 
fabrics dried, and countless other products heated quickly and uniformly. 
Dielectric heating is well suited to many continuous production processes, 
as the materials can pass through the heating field quickly and without 
the necessity of contact with the electrode surfaces. 

POWER PROBLEMS 

The cost of electric energy varies because of several factors. Distribu- 
tion costs differ for large and small users. The fact that electricity cannot 
be economically stored, but must be used as fast as generated, makes it 
impossible to operate electric plants at uniform loads; hence, even the 
time of use may affect the cost of electricity. Special low rates are some- 
times available during certain prescribed hours of use. 

Since cost of production and distribution depends not only upon the 
quantity of energy used but also upon the maximum rate of use, electric 
energy is often sold on a demand rate basis. In some cases, the demand 
charge is based upon the rated connected load; in other cases, upon the 
maximum demand indicated by a demand meter. 

Homos are almost universally supplied with lighting current of 115 volts, 
which can only be used economically for small heaters. Usually the 
s(*rvice lines will not permit more than plug-in devices. The Natimial 
Board of Fire Underwriters permits approved heaters of 1320 watts or less to 
be plugged into approved baseboard receptacles, but such heaters cannot 
be served on a circuit supplying much other load without overloading the 
circuits. There is an increasing trend toward supplying homes with three 
wire 1 15-230 volt service. Where homes have such service, larger heaters 
can be installed. For industrial purposes, heaters should be designed to use 
polyphase power, which is usually supplied at 208, 220, 440 or 550 volts. 
All polyphase heaters should be balanced between phases. In ordering 
electric heaters, proper voltage must be specified, as the heat produced 
will vary as the square of any variation in voltage. 
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CHAPTER 31 

PANEL HEATING AND RADIANT HEATING 


Influence of Heat Radiation on Human Comfort, Objectives of Radiant Heating, 
Practical Problems of Radiant Heating from a Physiological Standpoint, 
Fundamental Computations, Application Methods, Calculation 
Principles, Measurement and Control 


I T has been pointed out in Chapter 12 that the human body loses heat 
to its environment in three ways; by convection, radiation, and evapo- 
ration. The Effective Temperature Chart takes account of convection and 
evaporation, but does not provide for such radiative effects as occur when 
room air and its surrounding surfaces differ widely in temperature. 

INFLUENCE OF HEAT RADUTION ON HUMAN COMFORT 

When, however, the body is exposed to radiation from a hot surface or 
is radiating to a cold surface, the factor of radiative heat gain or heat loss 
may be important. This phenomenon is most marked in the case of expos- 
ure to the sun’s radiative heat. On a cold day, 'with no wind blowing, 
while standing in the sunshine, one may feel perfectly comfortable but, 
when a cloud passes over the sun, one may instantly feel much cooler. The 
cloud acts as a shield to interrupt the radiant heat from the sun. The 
change in feeling of comfort is due to the instant change in rate of heat loss 
from the body caused by the shielding effect of the cloud. A shielded ther- 
mometer under the same condition would register no change in temperature. 

The rate of heat loss by convection depends upon the average tempera- 
ture difference between the surface of the body and the surrounding airi 
the shape and size of the body, and the rate of air motion over the body. 

The rate of heat loss by radiation depends upon the exposed surface area 
of the body, and upon the difference between the mean surface temperature 
of the body and the mean surface temperature of the surrounding w^alls or 
other objects. This latter temperature is called the Mean Radiant Tem- 
perature (MRT). 

Because these twro types of heat loss supplement each other, a required 
rate of total heat loss can result either from a relatively low air temperature 
and a relatively high MRT, or vice versa. 

At the temperature which produces comfort (and at all lower tempera- 
tures) the production of sweat is low and the heat loss by evaporation is 
relatively low’ and relatively constant, irrespective of the relative hiunidity 
of the atmosphere. Under such conditions the heat loss from the body is 
chiefly relat^ to the combined effect of convection and radiation. For 
unclothed subjects in a reclining posture the heat demand of the environ- 
ment, so far as these two factors of radiation and convection are concerned, 
may be measured by Operative Temperature, whichis defined by the follow- 
ing formula, modified from that of Gagge^ by the expression of air velocity 
in feet per minute and the various temperatures in Fahrenheit degrees, 
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/. - 0.81 tw + 0.185 IVV tA - (VV - 1.40) «,]. 


where 

to B operative temperature, Fahrenheit degrees. 

tw — mean radiant temperature, Fahrenheit degrees. 

U *= air temperature, Fahrenheit degrees. 

U — mean skin temperature, Fahrenheit degrees. 

F B air velocity in feet per minute. 

Under comfortable still air conditions during the heating season, the 
mean i^n temperature of persons normally clothed is between 90 and 93 F 
(with lower v^ues for the extremities), and the mean clothing surface 
temperature is between 82 and 86 F. 

The normal rate of heat production in an average sized sedentary indi- 
vidual is about 400 Btu per hour. The heat production for persons sub- 
jected to various rates of activity is given in Chapters 12 and 15. The 
human body is of complicated shape, and radiation takes place freely only 
from the exposed outer surfaces ; there are considerable portions of the body 
such as the legs, arms, lower part of the head, etc., which radiate most of 
their heat to other portions. 

It is necessary to determine the equivalent surface of the body from which 
heat is radiated and a similar value for convection. The total may be 
assumed to be about 19.5 sq ft for convection and 15.5 sq ft for radiation, 
in an average sized individual. 

The loss by respiration and by evaporation from the nose and throat 
depends on the temperature and area of the moist surfaces (respiratory) of 
the body, the air temperature, air movement, and humidity. In air at a 
temperature of 70 F, this loss, for a sedentary individual of average size, 
will be approximately 90 Btu per hour; and at 60 F about 70 Btu per hour. 
These values are relative, because the total will vary materially with change 
of position, bodily activity, age, sex, race, etc. 

The balance of the heat generated in the average human body, approxi- 
mately 300 to 320 Btu per hour at about 70 F room temperature, is the 
approximate amount of heat given off by radiation and by convection from 
the external body surfaces. Under normal conditions (in still air), the 
radiation loss will be about 190 Btu per hour ; and the convection loss about 
120 Btu per hour. With an air velocity of 520 fpm, comfort will require 
an increase in Operative Temperature of nearly 12 deg; under such condi- 
tions the convection loss will rise to 250 Btu per hour but comfort may be 
attained if the subject is surrounded by heated walls which keep the radia- 
tion loss at about 50 Btu’. 

It is neither feasible nor desirable to change the relationships of convec- 
tion and radiation very greatly in actual heating practice. In the labora- 
tory, where the laws of relative heat loss have been deduced, it is necessary 
to produce wide differences between radiative and convective heat loss. 
This can only be accomplii^ed, however, by elaborate and powerful condi- 
tioning apparatus which simultaneously heats walls and cools air, or vice 
versa. Such a process would be very costly in practice and would not be 
justified unless marked improvement in comfort resulted from such a condi- 
tion — ^an assumption which has not been demonstrated. In practice, 
where radiant heat is introduced into a room, it is absorbed by surfaces, 
furniture, and the like, and then transformed into convective heat so that 
air and surfaces tend to attain a generally uniform temperature. 
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OBJECTIVES OF RADIANT HEATING 

Under ordinary circumstances the human being, indoors, is not subjected 
to marked variations between the factors affecting convection and radia- 
tion. Air and walls are not commqnly very far apart in temperature; air 
movement and relative humidity are usually low. Where such conditions 
obtain, the ordinary air thermometer is a good measure of comfort — ^which 
is the reason why it has enjoyed such universal use. Where considerable 
window surfaces create heavy radiation loss, or where stoves or open fires, 
or very hot ceilings contribute to large radiation gain, the picture is changed 
and the air temperature productive of comfort must be correspondingly 
modified. 

In general, however, radiant heating of occupied spaces is not a pro- 
cedure designed to create differences between air and walls, but is merely 
one method of introducing heat into that space. The engineering factors 
used in determining desirable heat input will be essentially the same as if 
the heat were introduced by convection, or in any other way. 

PRACTICAL PROBLEMS OF RADIANT HEATING 
FROM A PHYSIOLOGICAL STANDPOINT 

It is convenient to distinguish two different methods of introducing 
radiant heat into an enclosed space. The first, which may be called High- 
Temperature Radiation, involves direct exposure of the occupied parts of 
the room to radiation emitted from relatively small heating units of very 
high temperatures (perhaps 1,000 F); the second. Panel Heating, involves 
exposure to relatively large surfaces at not over 130 F. 

High-temperature radiant heating may be useful for temporary purposes, 
as in the use of a bathroom heater. It is, however, generally an undesirable 
process (except in rooms of great height) because of the marked unevenness 
of the effect produced on the human body. Studies at the John B. Pierce 
Laboratory of Hygiene have sho^^^l that this type of heating produces 
uncomfortable differences in the temperature of different parts of the body 
(an over-heated head, for example, if the heat comes from the ceiling). 

Panel heating, on the other hand, is advantageous from the standpoint 
of temperature differentials. In actual practice, a well-designed system of 
this sort produces very uniform conditions, the air throughout the room 
differing at various points b}^ onl}'^ 5 deg. This is desirable from the com- 
fort standpoint and may also be a factor in heat economy, since high tem- 
peratures in the upper part of the room favor excessive heat loss. The 
esthetic value of such a system is also considerable, since it avoids the pres- 
ence of registers or free-standing radiators in the room. 

In the design of panel heating, however, careful thought must be given 
to the location of the panels from the standpoint of comfort. The English 
conunonly use the ceiling for their panels, but their rooms are generally 
high-studded, and outdoor winter temperatures moderate. With low ceil- 
ings even panels may produce an excessive directional heating effect if all 
the heat necessary in a cold climate is introduced from above. Similarly, 
if the floor alone is used, it may — in very cold weather — be necessary to 
make the floor too hot for comfort. Wall panels, or a combination of ceil- 
ing and floor panels, will perhaps produce the best results. 

FUNDAMENTAL COMPUTATIONS 

The mean surface temperature of an inert body, w^hich will cause given 
rates of heat loss by radiation and by convection in a uniform environment, 



618 


CHAPTER 31 


1949 Guide 


having a given air temperature and a given mean wall temperature, may 
be cdcula^ from fundamental equations* for radiation and natural con- 
vection, with substitution of comparable cylinders for the irregular human 
body. 


9, ~ 1.235 




X (r, - Ta)' ** 


( 1 ) 

( 2 ) 


where 


Qr » heat loss by radiation, Btu per (square foot) (hour.) 

B heat loss by convection, Btu per (square foot) (hour.) 

T» ■» absolute temperature of the body surface, Fahrenheit degrees 
Tm absolute temperature of the walls, Fahrenheit degrees. 

Ta “ absolute temperature of the air, Fahrenheit degrees. 


D n diameter of cylinder, inches. 
e « the ratio of actual emission to black body emission. 


If it is assumed that an average adult has a height of 5 ft 8 in., a body 
surface of 19.5 sq ft for convection, and 15.5 sq ft for radiation, an equiva- 
lent effect can be worked out for two cylinders, 5 ft 8 in. high by 13.15 in. 
diameter and 10.45 in. diameter, respectively. However, while the effects 
on a cylinder, of a particular size and shape may be used to estimate average 
similar effects on the human body, it should be remembered that the heat 
loss from the body varies greatly. Every movement alters not only its 
shape, but also the heat generated by the body, the velocity of the air 
passing over it and the surface exposed to radiation. This fact renders the 
results of any such computation only approximate. 


APPLICATION METHODS 

The several methods of applying panel and radiant heating to a structure 
are: 


1. By warming the interior wall and ceiling surfaces of the building. Pipe coils are 
imbedded in the concrete or plaster.of the walls or ceilings, the heating medium being 
hot water circulating through the pipe coils. These coils are generally constructed 
of small pipe i or J in. I.D. and spaced about 6 to 9 in. apart. See Fig. 1. This has 
the effect of warming the entire concrete or plaster surface in which the pipes are im- 
bedded. Since the temperature of the heating medium should never exceed about 
130 F, due to the possibility of cracking the plaster the area of the warmed surface 
must be sufficient to supply the requisite quantity of heat at this low temperature. 
Normally the hot water circulation is maintained by means of a circulating pump and 
facilities have to be provided to eliminate all air at the top of the system. All coils 
and circulating pipes are welded together and tested after erection to a hydraulic 
pressure of 300 psi. 

2. By circulating warm air through shallow ducts under the floor. In this design the 
entire floor surface of a room is heated as in Fig. 2. This method was used 2(XX) years 
ago in many parts of the Roman Empire. While this method is more expensive in 
construction, it is effective and quite suitable for cathedrals and large public build- 
ings. To provide a uniform floor temperature, special consideration should be given 
to the design of the air ducts so that equal heat distribution is obtained. 

3 . By placing hoi water pipes in or under the floor, Wi th this arrangement the whole 
floor surface of a room is raised to a temperatiu'e sufficient to give comfortable condi- 
tions. Floor heating is recommended for schools and hospitals where large quantities 
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of outside air are desirable. The floor surface may be of concrete, wood blocks, 
marble or any other material unaffected bv heat, and while it is true that heat will be 
conducted through all materials used in floor construction, it is important that due 
consideration be given to the emissivity of the floor. In some cases where pipe coils 
are installed in the air space under the floor, special floors are constructed in sections 
so that the whole floor can be lifted to examine the coils. See Fig. 3. Pipes supported 
thus may be larger and the heating medivffn maintained at^a higher temperature than 



Fig. 1. Coils in Wall Subfaces Fig. 2. Aib Ducts fob Floob Heating 
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Fig. 3. Continuous Coil in Floor 


Fig. 4. Coils Imbedded in Floors 


when pipes are actually imbedded in the floor. Pipes m^ be li or 2 in. in the former, 
but for the latter } or 1 in. pipes are recommended. See Fig. 4. Where the heat losses 
from a room are exceptionally high it may be necessary to supplement the warm floor 
by either adding some coils in the ceiling or forming heated panels in the side walls. 

4. By attaching separate heated metal plates or panels to the interior surfaces. These 
plates or panels are placed either in an insulated recess so that the surface of the panel 
IS flush with the surface of the walls or ceilings, or they may be secured to the face of 
the wall. They may be covered with wood veneers and decorated to harmonize with 
other parts of the room, or they may be cast into panels to imitate oak or other wood 
designs. With flat plate panels it is common practice to use a frame of plater, wood, 
metal or composition to allow for expansion. These plates may be heated with either 






620 


CHAPTER 31 


1049 Guide 


hot water or steam and connected as in an ordinary radiator system. See Figs. 5 and 

6 . 

5. By electric healed metal plates or panels » These plates or panels are either placed 
in insulated recesses of walls or ceilings or fastened to the construction, as found 
desirable. They should not have a surface temperature much above 200 F. Some 
have a much higher surface temperature but a lower temperature gives a more com- 
fortable condition and is more efficient. 

6. By electrically heated tapestry mounted on screens and on the wall. For this pur- 
pose the screen is woven with an electric continuous conductor. Such screens are 
useful to plug in at any position for emergency local heating without taking care of a 
large room or office. 

If all of a heating panel is installed at one end of a large room there may 
be a marked difference between the equivalent temperature on the two sides 



Fig. 5. Pillar Type Radiant Heat Panel 



Fig. 6, Flat Type Panel Installed in Wall Recess 

of the body. It is usually desirable, therefore, that the heat be distributed 
at different parts of the walls and ceilings so that no uncomfortable effect 
will be felt from unequal heating. 

CALCULATION PRINCIPLES 
Part I— Panel Heating 

The term panel heating^ involving both radiation and convection, is 
applied in this chapter to a system in which the heat is transmitted from 
panel surfaces to both air and surrounding surfaces, as is the case under 
indoor conditions. 

Panel heating systems for buildings may be designed as illustrated and 
described in the following design of a panel heating system for the room 
shown in Fig. 7. The design is based on continuous heating. Panel heat- 
ing systems should, in general, be operated continuously since the panels 
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have large thermal capacities. Where panels are heated by high tempera- 
ture radiation from a heat source directed toward them, this qualification 
does not apply. 

1. Assume the location and the approximate size of the heating panel 

Heating panels may be located in ceilings or floors or walls. Ceiling panels have 
the advantage that their heat emission is not affected by tapestry or furniture and 
that they can be used, to a limited extent, as cooling panels during the summer 
months. If used in low rooms, however, they may produce an undesirable heating 
effect upon the head. Floor panels have the advantage that they can be easily in- 
stalled and that much of the radiated heat is delivered to the lower portions of the 
walls; they have the disadvantage that their heat emission is rather uncertain, since 
it may be affected by covering material such as rugs, carpets, furniture, and 
machinery. 

It is best to make the panels as large as practicable; for example, if the floor or 
ceiling is used as the heating panel, it is best to use the entire floor or the entire ceil- 



-24 n 


7or 


Fig. 7. Room Plan Used for Illustration op Method op 
Designing a Panel Heating System 

ing, or both. Heating a room by means of panels is very similar to lighting a room. 
Heat radiation is exactly like light radiation, except that it has a longer wave length 
If a room is lighted by means of a large number of small units distributed uniformly 
oyer the ceiling, the room is lighted more uniformly than if it is lighted by means of a 
single unit of equal capacity. Similarly, if the entire ceiling is the heating panel, 
the room is heated more uniformly than if only a fractional part of the ceiling is usea 
as the heating panel. 

In the following example, the entire ceiling will he used as the heating 
panel. 

2. Select the desired mean temperature of the air in the room. 

In a panel -heated room, the mean air temperature is a few degrees lower than the 
mean temperature of the surfaces of the enclosing walls, floor, and ceiling. In a room 
heated by introduction of warm air or by means of radiators, convectors, or other 
similar heating appliances, located within the room, the mean temperature of the air 
is a few degrees higher than the mean temperature of the surfaces of the enclosing 
walls, floor, and ceiling. Under ordinary conditions, in a panel-heated room, the 
mean temperature of the air ranges from approximately 65 F to 72 F. 

In the following example, 68 F is selected as the mean air temperature. 

3. Determine as accurately as practicable^ the mean temperature of the inside 
surfaces of the enclosing walls, floor, and ceiling. 
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. The two inside walls are assumed to separate rooms, which are filled with 68 F air, 
so that both surfaces of each wall are in close contact with 68 F air. The surface tem- 
peratures of these walls, therefore, cannot be lower than 68 F and must actually be 
higher than 68 F because, in addition to their contact with 68 F air and their contact 
with the heated ceiling, they are exposed to the heat radiation from the ceiling. 

. In the following example, 70 F will be selected as the mean surface tempera- 
ture of the inside lodUs. 

For the two outside walls, the mean Inside surface temperature can be calculated 
with fair accuracy. For a heat transmission coefficient of 0.25 and a temperature 
difference of 68 deg, heat flows through the wall at the rate of 17 Btuh per square foot. 



Fig. 8. Chart for Estimating Inside Surface Temperatures of Outside Walls* 

•Note: The value of C7, the over all coefficieut of heat tranamiBsion, cannot exceed 1.29 if the inside 
a pd outside ei"* ooefficients are 1.65 and 6.0 resjjectively £7 - res + 6 - <nT3- 
U — 1.29 maximum). 


If the indoor film coefficient is 1.65, the temperature difference, indoor air to inside 
wall surface, is 17/1.65 or 10 deg and the wall surface temperature is 68 10, or 58 F. 

Tips value may be taken directly from Fig. 8. However, the film coefficient 1.65 was 
determined to represent the sum of the heat flow into the wall, by conduction from 
the air in contact with the wall, and by radiation from the warmer surfaces acen by 
the wall surface. In a panel-heated room, the rate of heat flow into the outside wall 
by radiation is neater than it is in a radiator-heated room; consequently, the film 
coefficient is hiAer, and the temperature difference, air to wall surface, is smaller, 
therefore, the wall surface temperature is higher than the calculated 58 F. It is 
impossible to determine accurately how much higher than 58 F the temperature of 
the wall surface will be until the corresponding indoor air film coefficient has been 
determined accurately. 

In the following example, 60 F will be selected as the probable mean inside 
surface temperature of the outside walls. 

The probable mean inside surface temperatures of the floor and the glass may be 
determined by calculations and by reasoning similar to that employed to determine 
the inside surface temperature of the outside walls. 
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Table 1. Calculated Heat Lobs of Room 


SURTACB 

Abba 
Sq Ft 

U 

Calculation 

Outside Walls 

Glass 

360 

216 

480 

480 

480 

0.25 " 
1.13 

0.10 

360 X 0.25 X 68. 6,12P 

216x 1.13 x 68... . 16,597 

Inside Walls 

No heat loss 

Ceiling 

Heating Panel 

Floor 

480 X 0.10 X 38 . 1,824 

Infiltration 

5,760 cu ft X 1.50 X 68 X 0.018 10,576 

Total. 35,117 


In the following example, SO F and 70 F will he selected as the probable 
inside surface temperatures of the glass and floor, respectively. 

4. Determine the heat loss of the room. 

In the following example, the heat loss calculation will be based on an outdoor air 
temperature of 0 F. Since the functioning of a panel -heating system differs very little 
from that of a radiator-^pe heating system, the heat loss shown in Table 1 may be 
calculated according to Chapter 14. 

The heat loss through the outside walls and through the glass is probably a little 
greater than calculated because the calculation is based on an indoor air film coef- 
ficient of 1 .65 Btuh, whereas, for a panel -heated room, this coefficient is a little higher, 
but the difference is probably not sufficiently large to be considered in design calcu- 
lations for a heating system. 

5. Estimate the Mean Radiant Temperature. 

The Mean Radiant Temperature of the surfaces enclosing the room but not includ- 
ing the heating panels may be estimated as follows: 


SURFACB 

Abba 

Fahb Dbg 

Pboduct 

Interior Walls 

480 

70 

33,600 

Exterior Walls 

360 

60 

21,600 

Glass 

216 

30 

6,480 

Floor 

480 

70 

33,600 


1,536 


95,280 


The sum of these products divided by the sum of the surface areas is: 95,280/1,536 or 
62.03 F, the required mean surface temperature. 

In the following c.\ample, 6S F will be selected as the MRT of walls, glass 
and floors. 

6. Determine the temperature of the ceiling panel. 

Determine the temperature of the ceiling so that the ceiling panel will deliver heat 
to the room at a rate equal to the rate at which the room is calculated to lose heat, 
namely, 35,117 Btuh. 

When a room is heated by means of a panel, air convection currents are developed 
in the room similar to those which are developed when the room is heated by means 
of a free-standing radiator. Consequently, the heating panel delivers heat to the 
room partly by radiation and partly by convection. The pro^rtion of the total heat 
flow delivered by convection varies with the location of theneating panel, with the 
height of the ceiling, and with the size, number, and location of pieces of furniture 
ana other articles which interfere with the free now of air along the floor and along 
the walls. It is generally sufficiently accurate to assume that a ceiling pand will 
deliver 70 per cent of its heat by radiation and 30 per cent by convection; a noor panel 
55 per cent by radiation and 45 per cent by convection; and a wall panel 65 per cent 
by radiation and 35 per cent by convection. 
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In the following example, it wiU be assumed (hat (he ceiling panel must 
deliver 70 per cent of its heat or Btuh by radiation, since the total 

osculated heat loss is 35,117. 

When two plane surfaces of infinite size are parallel to each other and their surfaces 
are at different temperatures, the exchange of heat between the two is proportional 
to the difference between the fourth powers of their absolute temperatures. This is 
also true when one surface is completely surrounded by another surface; for example 
if one sphere is placed within another sphere, the flow of heat between the outer sur- 
face of the smaller sphere and the inner surface of the larger sphere is proportional to 
the fourth power of the absolute temperatures of the two surfaces. 

In a panel-heated room, the heated panel may be considered to be completely en- 
closed by the remaining surfaces, because all heat radiated by the heated panel is 
intercepted by those surfaces. Consequently, the flow of heat from the heated ceiling 
to the room, by radiation, is proportional to tne difference between the fourth powers 
of the absolute temperature of the ceiling and the absolute mean radiant temperature 
of the remaining surfaces. 

The rate at which a surface emits heat varies with the temperature of the surface 
and with other characteristics of the surface. For ordinary heat flow calculations it 



Fig. 9. Heat Delivered to Room by Radiation from Panel 


is sufficiently accurate to assume that the materials which are commonly used in 
building construction emit heat at a rate of : 


0.156 



Btuh per square foot 


where 

T is the absolute temperature of the surface in Fahrenheit degrees. 

On this basis the flow of heat from the ceiling to its surrounding surfaces is at the 
rate of: 


In order that this rate may be equal to 24,582 Btuh, T must be 572 and the ceiling 
temperature about 112 F. 

Instead of calculating this temperature it may be taken from Fig. 9, as follows: 
The ceiling must deliver heat to the room, by radiation, at the rate of 24,582/480 or 
61 Btuh per square foot. Find 51 on the left margin and move horizontally to the 
intersection with a 62 MRT line, and from the point of intersection to the lower mar- 
gin and read about 112 F. 

With a ceiling temperature of 112 F, the MRT of the room will be 480 X 112 -h 
1,636 X 62; the sum divided by 2,016, or 74 F. 

If an air temperature of 68 F and an MRT of 74 F should not produce satisfactory 
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Table 2. Total Heat Emission bt Radiation* 


Body 

OR 

Mean 

Radiant 


Radiation in Btu per (square foot) (hour) 
emitted to surroundings with a tempera- 
ture of alisolutc zero by bodies at various 
temiicratures and with cmissivity factor e 


Body 

idSiS 

Radiant! 


ATDRE 

F Deg 


0.95 

e 

0.90 

0.80 

ATUUR 

F Dkg 

e 

1.00 

e 

0.95 

e 

0.90 

0.80 

30 

99.7 

94.7 

89.8 


71 

137.0 

130.1 

123.3 

109.7 

35 

103.9 

98.7 

93.6 

Wialli 

72 

137.9 


124.0 

110.3 

40 

108.0 

102.8 

97.2 

86.4 

73 

138.9 

132.0 

124.9 

111.0 

45 

112.5 

106.9 


89.0 

74 

140.2 

133.1 

126.1 

112.1 

46 

113.3 

107.7 

102.0 

90.8 

75 

141.6 

134.4 

127.4 

113.2 

47 

114.3 

108.6 

102.9 

91.5 

80 

147.2 


132.5 

117.9 

48 

115.2 

109.5 

103.8 

92.3 

85 

152.9 

145.2 

137.6 

122.4 

49 

116.0 


104.5 

92.8 

90 

158.5 


142.7 

126.9 

50 

116.9 

111.0 

105.3 

93.6 

100 

170.3 

161.7 

153.2 

136.2 

51 

117.9 

112.0 

106.4 

94.4 

no 

182.3 

173.2 

164.2 

146.0 

52 

118.8 

112.9 

106.9 

95.1 


195.6 

185.7 

176.1 

156.5 

53 

119.8 

113.8 

107.8 


130 

210.9 

wtTim 

189.8 

168.8 

54 

120.6 

114.6 

108.6 


140 

224.1 


201.8 

179.2 

55 

121.7 

115.5 

109.4 


150 

238.0 

226.1 

214.4 

190.5 

56 

122.6 

116.4 



160 

252.1 

239.8 

226.9 

201.8 

57 

123.5 

117.4 

liili 


170 

271.6 

258.0 

244.5 

217.2 

58 

124.4 

118.2 

112.0 

99.6 

180 

289.1 

274.9 

260.1 

231.3 

59 

125.3 

119.0 

112.8 

100.3 

190 

307.7 

292.1 

276.9 

246.1 

60 

126.3 

119.9 

113.8 

101.1 


326.5 

310.2 

293.9 

261.3 

61 

127.1 

120.7 

114.4 



349.3 

331.9 

314.3 

279.5 

62 

128.2 

121.8 

115.3 

102.6 

220 

373.0 

354.4 

335.7 

298.2 

63 

129,1 

122.6 

116.2 


mm 

439.5 

417.6 

395.6 

351.6 

64 

130.1 

123.5 

117.1 

104.1 

300 

577.3 

548.2 

519.6 

461.8 

65 

131.0 

124.4 

117.9 

104.8 

350 

743.0 

705.8 

668.6 

594.3 

66 

132.1 

125.5 

118.8 

105.8 

400 

945.8 

898.5 

850.8 

756.5 

67 

133.0 

126.4 

119.7 

106.4 

450 

1181.0 

1121.0 

1063.0 

944.0 

68 

134.0 

127.3 


107.2 

500 

1470.0 

1396.0 

1323.0 

1176.0 

69 

135.0 

128.3 

121.5 

108.0 

550 

1798.0 

1708.0 

1619.0 

1439.0 

70 

136.0 

129.3 

122.3 

108.8 

600 

2181.0 

2072.0 

1962.0 

1745.0 


Radiation in Btu per (square foot) (hour) emitted 
to surroundings with a temperature of absolute 
zero by bodies at various temperatures and 
with cmissivity factor e 


* These factors are calculated from the formula where 

( 0 173 X T*\ <1** ** radiation, Btu per (sq ft) (hr) 

I'nnnnni^) • " OmiSSivity. 

100, 000, (XX)/ y absolute temperature, Fahrenheit degrees. 


conditions, the ceiling temperature can easily be changed as necessary by changing 
the temperature of the circulating water. 

Calculations like the preceding may also be made with the aid of Table 2. The rate 
at which the ceiling must radiate heat exceeds by 51 Btuh per square foot the rate at 
which the ceiling receives radiant heat from its surroundings. Assuming the emissiv- 
ity of the walls, floor, and ceiling to be 90 per cent of that of a black body, the heat 
radiated to the ceiling, from the surfaces whose MRT is 62 F. is (Table 2) at the rate 
of 115.3 Btuh per square foot; the ceiling must therefore radiate heat at the rate of 
115.3 plus 51 or 166.3; its temperature must be (Table 2) between 110 F and 120 F, and, 
by interpolation, 112 F, as calculated. 

7. Select the medium for heating the ceiling panel. 

The medium may be electricity, steam, air, or water, but usually is air or water. 
If air is used it is generally heated in the basement, passed up through hollow inside 
walls or through ducts in those walls, allowed to flow between the ceiling and the floor 
above, and returned to the basement through hollow outside walls or through ducts 
in those walls. 

If the walls and floors are constructed of hollow tile, the cells in the tile can be 
placed so that they will form continuous ducts through which the warm air can flow 
up the inside walls, then between the ceiling and the floor above, and down the out- 
side wails. In this way the walls and ceiling become heating panels. 
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Table 3. Highest Safe Subface Tempebatures fob Heating Panel 


Type of Panel 


, Surface Tbmpbraiure 
F Deg 


Plastered Ceiling (Pipes Imbedded)* i 115 

Plastered Walls (Pipes Imbedded)* 120 

Floor, Any Method 85 

Floor, Border and Aisles 120 

Iron, Hot Water Medium** 160 

Iron, Steam Vapor* 180 

Electrically Heated Panels** 200 


^Qyptum AuoetaHon recommends that panels in which gypsum plaster or gypsum products are used 
should not have a surface temperature exceeding 115 F. 

**Low surface temperature radiation is recommended regardless of the heating medium employed. 


If water is used as the medium, the pipes through which the water circulates — 
almost always under forced circulation — ^are placed in the floor, walls, or ceiling in 
such a manner that as much as possible of the heat emitted by the pipes will be de> 
livered to the space to be heated. 

Practical limits for surface temperatures of heating panels are given in Table 3. 

In this example water will be selected as the medium. 

8. Determine the size, length, and location of the pipe coils in the panels. 

When hot-water pipes are imbedded in concrete slabs or attached to plastered sur- 
faces, their rate of heat emission varies with many factors. If the pipes are imbedded 
in dense concrete slabs, it may be assumed that the rate of heat emission of }-in. pipe, 
spaced 6 in. on centers; i-in. pipe, spaced 9 in. on centers; and 1-in. pipe spaced 12 in. 
on centers; per foot of length of pipe and per degree difference between the temper- 
ature of the water in the pipe and that of the air in the space to be heated, is 0.8, 1.0, 
and 1.2 Btuh, respectively. If the distance between the pipes is increased, the rate 
of heat emission, per foot of pipe, is also increased; if the distance is doubled, the rate 
of heat emission is increased about 15 per cent. If the pipes arc attached to plastered 
ceilings, the rate of heat emission is slightly less, probablv about 10 per cent less, 
than when the pipes are imbedded in concrete slabs. The data given regarding heat 
emission of panels are intended as general guides for the designer. Additional expe- 
rience and research are needed to develop definite and complete data. However, after 
a heating panel has been designed and installed, any small error can easily be cor- 
rected by modifying the temperature of the water circulating through the coils. 

When the heating pipes are attached to a plastered ceiling, a portion of the heat 
emitted by the pipes is delivered to the space below the ceiling and a portion to the 
space above the ceiling. The relative quantities depend on the degree of insulation 
applied above the heating coils. 

When the heating pipes are imbedded in a concrete floor slab a portion of the heat 
emitted bv the pipes will flow upward into the space to be heated, and the remainder 
will flow downward into the ground. 

When the heating pipes are placed below the concrete floor slab instead of being 
imbedded in the slab, a larger portion of the heat will flow into the ground, and a 
smaller portion into the space to be heated. 

In the following example it is assumed that the insulation above the pipe 
coils is such that ^ per cent of the heat emitted by the pipe coils will flow into 
the room and 10 per cent into the space above. 

Since the room is to receive 35,117 Btuh, and since the room is assumed to receive 
only 90 per cent of the heat emitted by the coils attached to the plastered ceiling, the 
coifs must emit 35,117/0.9 or 39,000 Btuh. If f-in. pipe and a mean water temperature 
of 140 F are selected, the heat emitted, per foot of pipe, will be 0.9(140 — 68) or 65 
Btuh. The quantity of pipe required will therefore be 39,000/65 ■= 600 lineal feet. 

The pipe coils can be arranged in any convenient manner, but should be arranged 
so that the temperature of the water in the pipe will vary only slightly; otherwise, the 
temperature distribution over the ceilinp; will not be uniform. Generally, it is best 
to arrange the pipes so as to form two-pipe reversed-return flow circuits in the sepa- 
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rate panels. By using 33 runs of 1-in. pipe, welded to two 1} in. mains, sufficient pipe 
surface is secured; the 1-in. pipes will then be spaced about 8} in. on centers, which 
is satisfactory. 

While coils can be designed with pipe and fitting resistances which will insure 
proper distribution to each coil it is advantageous to provide adjustable flow control 
valves or resistances for final regulation of the water temperature or flow to the 
various coils. It is desirable to divide large heating systems into sections and to 
install valves so that individual sections can be disconnected without interfering with 
the operation of the system as a whole. 

Part n — ^Radiant Heating 

The term radiant heating is applied in this chapter to a system in which 
only the heat radiated from the panel is effective as in outdoor and semi- 
outdoor conditions. 

The outstanding example of radiant heating is the transfer of heat from 
the sun to the earth. The sun radiates large quantities of energy of which 
a very small portion is intercepted by the earth. A part of the intercepted 
radiation is transformed into heat when it strikes the earth’s surface. In 
this manner heat is received by the earth from the sun by radicUion. 

In industry, radiant heating is employed in manufacturing processes, 
particularly in drying, baking, and dehydrating operations; in agriculture, 
it is employed to improve living and growing conditions for young plants 
and young animals. 

The heating engineer employs radiant heat primarily in the heating of 
open-air schools and open-air hospitals. When a surface radiates heat, and 
every surface does unless its temperature is absolute zero, every point of 
the surface radiates heat in all directions. The total quantity of heat 
radiated by a point or by an elementary area is w times the quantity of heat 
radiated at right angles to the surface. 

Thus, if in an elementary cube the upper face is the heating panel, the 
lower face would receive only about 32 per cent of the radiated energy and 
the four sides would receive each about 17 per cent. 

For larger surfaces the conditions are different. If two parallel plane 
surfaces of considerable size are near each other, the rate of heat exchange 
between the two can be determined fairly accurately by means of the chart 
of Fig. 9. This is possible because the larger part of the heat radiated by 
one of the surfaces is intercepted by the other surface and only a small 
portion is radiated in such directions that it will not impinge upon the 
opposite surface. 

As the distance between the two surfaces is increased, the proportion of 
the heat radiated by one of the parallel plane surfaces and intercepted by 
the other decreases almost as the square of the distance between the sur- 
faces increases, because the intensity of heat radiation, like the intensity 
of light radiation, varies inversely as the square of the distance from the 
source of radiation. 

For the purpose of designing radiant heating systems in which the heat- 
ing panel is practically square and is radiating heat toward a parallel surface 
of equal size and shape, as shown in Fig. 10, the rate of heat exchange 
between the two surfaces will be equal to that shown in Fig. 9, multipli^ 
by a factor, p, which depends upon the ratio of A to s (Fig. 10) as shown in 
the following table: 

« 1 2 3 4 5 

p » 0.200 0.070 0.034 0.020 0.013 

For example, if a panel 3 ft square is located parallel to, and 9 ft above, 
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a bed in an open-air hospital, and if the temperature of the panel is 112 F 
and that of the bed is 70 F, the rate of heat transfer from the panel to a 
9 sq ft section of the bed directly beneath the panel, will be 3.4 per cent of 
the rate shown in Fig. 9, or 0.034 X 9 X 44, or 14 Btuh, approximately. The 
rate of heat transfer from the panel to a section of the bed other than the 
9 sq ft directly beneath the panel will be lower than 14/9 Btuh per square 
foot. 

This is a crude way of designing a radiant heating system for an open-air 
hospital, but it is sufficiently accurate, because the required temperature 
of the bed and the required rate of heat flow into it will vary with the tem- 
perature of the outdoor air, with the air movement over the bed, with the 



Fig. 10. Effect of Height 
Upon Radiation Received 
FROM A Panel 



Fig. 11. Typical Panel and Radiant 
Heat Control System 


thickness and the character of the bedding, and with the physical condition 
of the patient. 

A radiant heating system for an open-air school may be designed as 
described for the open-air hospital. The heating panel in such a case 
should be almost as large as the ceiling and, in order to keep the heat loss 
by radiation at a minimum, should be placed so that a maximum portion 
of. the heat radiated by the panel will be directed toward the pupils and a 
minimum toward the outside walls and particularly the Windows's. 

MEASUREMENT OF RADIANT HEATING 

Radiant heating is intended to control the rate of radiant heat loss from 
the human body and should be measured by calorimetric methods. 

The apparatus for this purpose consists essentially of a cylinder, main- 
tained at the accepted mean surface temperature of the human body, 
together with an accurate (usually electrical) measuring of the varying 
rate of heat supply required to maintain this exact temperature. This 
instrument, the eupatheoacopcy is readily adapted to function like a thermo- 
stat so as to turn heat on or off, when the desired temperature of 80 F, or 
ray other predetermined surface temperature of the cylinder, decreases or 
increases as a result of changes in the Operative Temperature. 
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For testing work, the globe thermometer is a useful instrument. It con- 
sists of an ordinary mercury thermometer, with its bulb placed in the center 
of a sphere from 6 to 9 in. in diameter, usually made of tW copper and 
painted black and sometimes covered with cloth. The temperature 
recorded by a thermometer with its bulb in the center of the sphere is termed 
the radiation-convection temperature. See Chapter 11. 

CONTROL OF PANEL AND RADIANT HEATING 

The effectiveness of any type of control will depend largely on the time 
lag of the system. With warm air passing through floor ducts the time lag 
is usually too long for any kind of room thermostat, in fact a thermostat 
will not prove suitable with any system if the building is constructed with 
massive brickwork and masonry, unless it operates in conjunction with a 
time control responsive to changes in outside conditions. 

The heat emitted by hot water pipes imbedded in the plaster of the ceiling 
and walls or in the concrete base of a floor can be effectively controlled by 
an instrument designed to modulate the temperature of the water circulat- 
ing in the system according to the outside conditions. Metal panels which 
can be installed in the ceiling or side walls may be either controlled by an 
instrument responsive to outside weather conditions or by a specially de- 
signed instrument responsive to both air temperature and radiation. Any 
purely on or off control system is not recommended for panel heating. 

A typical control system operated from an outside thermostat and sup- 
plemented with a room heat control instrument is illustrated in Fig. 11. 
The outside thermostat modulates the temperature of the circulating water 
in the coils by mixing some of the hot water leaving the boiler with a pro- 
portionate amount of return water which is diverted to the three-way valve. 

One type of room instrument consists of a blackened copper sphere of 6 
or 8 in. in diameter, in which a cjdindrical sump contains a volatile liquid. 
A small electric heating coil creates in the sphere a vapor pressure which 
remains constant as long as the total heat loss from the sphere is at the 
desired rate. If the Operative Temperature becomes too high for comfort, 
a greater vapor pressure results from the smaller heat loss from the sphere. 
This acts on a diaphragm and reduces the supply of heat to the room. With 
too low an Operative Temperature the reverse action occurs. A similar 
instniment which has an electric heating element for warming the air inside 
the sphere and the thermostat-operated switch, is also used for controlling 
room conditions. 

In addition to a thermostatically controlled device for modulating the 
temperature of the circulating water, it is advantageous to insert in each 
coil a locked flow control or adjustable resistance to give uniform condi- 
tions throughout all rooms. Owing to unforeseen difficulties with varying 
frictional losses in pipes, emission factor, and exposures, it is an advantage 
to be able to regulate permanently the flow through each circuit by means 
of a key operated valve as indicated in Fig. 4. 
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Classification, Performance, Efficiency, Characteristic Curves, System 
Characteristics, Selection of Fans, Fan Designations, Control, 
Motive Power, Attic Fans 


I N heating, ventilating, and air conditioning practice, fans and blowers 
are used to produce air flow. All fans or blowers are classified according 
to the direction of air flow through the fan with relation to the axis of rota- 
tion and are either of the (1) axial flow or propeller type, in which the flow 
is parallel to the axis, or (2) rodioZ flow or centrifugal type, in which the 
flow is at right angles to the axis. 

Axial flow fans are made in various designs and sizes. The form and 
number of blades may vary for impellers of the same or different diameters. 
The blades may be of uniform thickness and made of cast or sheet metal, 
and either flat or cambered or of screw form ; or they may vary in thickness, 
in the latter case usually being designed to conform to so-called airfoil sec- 
tions of known characteristics, similar to those which have been developed 
for airplane propellers. Likewise, blade angle, or the angular relation of 
the blades to the plane of rotation, varies over a wide range. For opera- 
tion against comparatively high pressures, it is customary to resort to en- 
larged hubs in proportion to fan diameter (large hub ratio) and correspond- 
ingly short blade length. The term disc fan has sometimes been loosely 
applied to such large hub fans, though it has long been generally used in con- 
nection with any propeller fan of comparatively short axial length whose 
blades are relatively flat ; in other words, for fan wheels which occupy a 
space which is more or less disc-shaped. Single stage air foil axial flow 
fans can operate at pressures up to 4 in. at a quite low noise level and, at 
considerably higher pressures, they are comparable in regard to noise to the 
centrifugal fan type. 

Radial flow or centrifugal fans used in heating, ventilating, and air con- 
ditioning practice, are in general of two types; one with forward-sloped 
blades, and the other with backward-sloped blades. Many modiflcations 
may be made in the proportions, the curvature, and the sloj^ or angularity 
of the blades. The slope or angularity of the blades determines the operat- 
ing characteristics of a fan ; a forward-curved or sloped blade is found in a 
fan having low speed operating characteristics, while a backward-curved 
or sloped blade is found in a fan having higher speed operating characteris- 
tics. 

A wide variety of heating, ventilating, and air conditioning systems 
creates a wide variety in the demands that have to be met by the fan or 
blower. The requirement may be to move small or large quantities of air 
against little or no resistance, or to move small or large quantities of air 
against higher resistance. ]^tween the two limits innumerable specific 
requirements must be met. Although fans of any class in either of the 
two general types can in general be made to perform the same duty, certain 
factors such as mechanical difficulties, space and noise limitations, efficiency 
and power limitations will usually determine the selection, 
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FAN PERFORMANCE 

Fans of all types follow certain laws of performance which are useful in 
predicting the effect upon performance of changes in the conditions of opera- 
tion, the duty required of the installation, or the size of the equipment due 
to the space, power, or speed limitations. The following laws in which 
Q = air volume and P = static, velocity or total pressure, apply to all 
types of fans: 

1. Variation in Fan Speed: 

Constant Air Density — Constant System 
(a) Q: Varies as fan speed. 

^6) P: Varies as square of fan speed 

(c) Power: Varies as cube of fan speed. 

2. Variation in Fan Size 

Constant Tip Speed — Constant Air Density 
Constant Fan Proportions — ^Fixed Point of Rating 

(а) Q: Varies as square of wheel diameter. 

(б) P: Remains constant. 

(c) RPM: Varies inversely as wheel diameter. 

(d) Power; Varies as square of wheel diameter. 

3. Variation in Fan Size: 

At Constant PPM— Constant Air Density 
Constant Fan Proportions — Fixed Point of Rating 
(a) Qi Varies as cube of wheel diameter. 

(h) P: Varies as square of wheel diameter. 

(c) Tip Speed: Varies as wheel diameter. 

(d) Power: Varies as fifth power of diameter. 

4. Variation in Air Density: 

Constant Volume — Constant System 
Fixed Fan Size— Constant Fan Speed 

(а) Q: Constant. 

(б) P: Varies as density. 

(c) Power: Varies as density. 

5. Variation in Air Density: 

Constant Pressure — Constant System 
Fixed Fan Size — Variable Fan Speed 

(а) Q: Varies inversely as square root of density. 

'6) P: Constant. 

’c) RPM: Varies inversely as square root of density. 

|d) Power: Varies inversely as square root of density. 

6. Variation in Air Density: 

Constant Weight of Air — Constant System 
Fixed Fan Size — Variable Fan Speed 
(o) Q: Varies inversely as density. 

(б) P: Varies inversely as density. 

(c) RPM: Varies inversely as density. 

(d) Power : Varies inversely as square of density. 

Examples 1 to 4 illustrate the application of the preceding fan laws. 

Example 1, A certain fan delivers 12,000 cfm at a static pressure of 1 in. of water 
when operating at a speed of 400 rpm and requires an input of 4 hp. If in the same 
installation 15,000 cfm are desired, what will be the speed, static pressure, and power? 

« , 15,000 

Speed - 400 X = 500 rpm 

/500V 

Static pressure •“ 1 X ( — ) ■■ 1.56 in. 
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Power = 4 X - 7.81 hp. 

Example A certain fan delivers 12,000 cfm at 70 F and normal barometric pres- 
sure (density 0.075 lb per cubic foot) at a static pressure o£ 1 in. of water when operat- 
ing at 400 rpm, and requires 4 hp. If the air temperature is increased to 200 F (den- 
sity 0.0602 lb) and the speed of the fan remains the same, what will be the static 
pressure and power? 


0.0602 

Static pressure =» 1 X 0.80 in. 

0.075 

0.0602 

Power = 4 X _ = 3.20 hp. 

0.075 

Example S. If the speed of the fan of Example 2 is increased so as to produce a 
static pressure of 1 in. of water at the 200 F temperature, what will be the speed, 
capacity, and power? 


Speed = 400 X 


a/- 

y ox 


0.075 


0.0602 


446 rpm 


Capacity » 12,000 


Power =» 4 


xa/^ 

y 0.0602 


0.075 

0.0602 


13,392 cfm (measured at 200 F) 


4.46 hp. 


Exam'j^e 4, If the speed of the fai^of the previous examples is increased so as to 


npl< 

deliver the same weight of air at 200 F as at 70 F, what will be the speed, capacity, 
static pressure, and power? 


0.075 

Speed - 400 X = 498 rpm 


0.0602 


Capacity ■■ 12,000 X 


0.075 
0.0602 ’ 


14,945 cfm (measured at 200 F) 


0.075 

Static pressure =* 1 X = 1.25 in. 

U.l)oU2 

/ 0.075 

Power = 4x(^—j =6.20hp. 


Law of Homologous Fans 

The laws applying to different sizes of homologous fans are as follows: 

Capacity varies as the ratio of size cubed, times the ratio of the rpm. 

Pressure varies as the ratio of size squared, times the ratio of the rpm squared. 

Horsepower varies as the ratio of the size to fifth power, times the ratio of the rpm 
cubed. 

Example 6. Assuming that a fan with a 36 in. diameter blast wheel will deliver 
12,000 cfm at 70 F at 1 in. static pressure, requiring 4.0 brake hp when operating at 
400 rpm, what is the capacity, pressure and horsepower of a homologous fan having 
a 45 in. wheel at the same speed? 

( 45V /400\ 

36/ ^ ^ " 23,400 cfm 
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Static Pressure - (0 X X 1 

Horsepower -(0x(~)‘x 4- 


« 1.56 in. 


12.2 hp 


FAN EFFICIENCY 

The efficiency of a fan may be defined as the ratio of the horsepower out- 
put to the horsepower input. 

The horsepower output is expressed by the formula : 

^ cfm X total pressure in inches of water ^ . 

Air Horsepower^ « ooka 


When the static pressure is used in the computation in place of total 
pressure it is assumed that this represents the useful pressure and that the vel- 
ocity pressure is lost in the piping system and in the air which leaves the sys- 
tem. Since in most installations a higher velocity exists at the fan outlet 
than at the point of delivery into the atmosphere, some of the velocity pres- 
sure at the fan outlet may utilized by conversion to static pressure within 
the system, but, owing to the uncertainty of friction losses which occur at the 
places where changes in velocity take place, the amount of velocity pressiu*e 
which is actually utilized is seldom known, and the static pressure alone 
may best represent the useful pressure. In the standards for published 
capacity tables as adopted by the National Assodalion of Fan Manufac- 
turers^ the term static pressure refers to the true resistance to air fiow. Such 
tables charge both the inlet and outlet velocity of the fan to the fan per- 
formance, and may be used directly where the static pressure of the system 
as calculated represents only the actual resistance to flow of the air. 

The efficiency based upon static pressure is known as the static efficiency 
and may be expressed as follows : 


Static Efficiency^ 


cfm X s tatic pressur e in in ch es of wa ter 
6356 X Horsepower input 


( 2 ) 


Different fans may develop the same capacity against the same static 
pressure and with the same power input, and therefore operate at the same 
static efficiency, while maintaining different outlet velocities. Where a 
high outlet velocity is desirable or can be utilized effectively, the static 
efficiency fails to be a satisfactory measurement of the performance. In 
many applications of propeller fans, air is circulated without encountering 
resistance and no static pressure is developed. The static efficiency is 
zero and its calculation is meaningless. Because of such situations where 
the static efficiency fails to indicate the true performance, many engineers 
prefer to base the calculation of efficiency upon the total pressure. This 
efficiency is variously known as the total, or mechanical efficiency, and may 
be expressed as follows : 


Mechanical or Total Efficiency^ 


cfm X total pressure in inches of water 
6356 X Horsepower input 


(3) 


CHARACTERISTIC CURVES 

In the operation of a fan at a fixed speed the static and total efficiencies 
vaiy with any change in the resistance which is imposed. With different 
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Fio. 1. Operating Characteristics op Axial Flow Airfoil Type Fan 


designs the peak of efficiency occurs when the fans deliver different per- 
centages of their wide-open capacity. Variations in efficiency accompany 
variations in pressures and power consumption which are characteristic of 
the individual designs and which are influenced particularly by the shape 
and angularity of the blades. Such variations in pressure, power, and 
efficiency are shown by characteristic curves. 

Characteristic curves of fans based upon tests performed in accordance 
with the Standard Test Code for Centrifugal and Axial Fans* prepared 
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jointly by the American Society of Heating and Ventilating Engi- 
neers and the National Association of Fan Manufacturers are generally 
plotted to show total and static pressure, mechanical and static efficiency, 
and horsepower in relation to air delivery as a basis. Results may also 
be plotted against per cent of wide open volume or discharge. Examples 
of fan performance curves are shown in Figs. 1, 2 and 3. 

In the selection of all but very small fans, power consumption is usually 
a major consideration. It must be borne in mind that the horsepower at 
peak efficiency alone may be misleading, as actual operation is apt to occur 
at some point on the pressure-volume curve varying considerably from that 
specified, due to inaccuracies of the estimated system resistance or to 
fluctuating resistance caused by damper or louver adjustments. To cope 



PER CENT OF WIDE OPEN VOLUME 


Fig. 3. Operating Characteristics of a Fan with Blades Curved Backward 

with such variations a fan should be selected having a high efficiency over 
a wide range, that is, a flat or broad efficiency curve is more desirable than a 
sha^ or narrow curve which, though reaching a high peak, falls off rapidly 
to either side of a narrow range. When the point of operation varies only 
within narrow limits and both volume and pressure requirements are ac- 
curately known in advance, the designer can select a fan operating at 
maximum efficiency, irrespective of performance over the entire range. 

Generally, fans are selected either at the peak of the static efficiency or 
to the right of the peak depending on the requirements of the particular 
installation. Fans selected to the right of the peak will be smaller but will 
require more power, run at higher speeds and may have a higher sound 
rating. Where first cost is important and added horsepower and noise are 
not important, smaller fans may be used. Where efficient and quiet opera- 
tions are most important, fans are selected at or near the peak of the static 
efficiency curve. Fans are not ordinarily selected to the left of the peak 
of the static efficiency curve as this results in larger, more costly fans, 
requiring more power and in some cases producing objectionable noise. 

The curves in Figs. 1, 2, and 3 show operating characteristics for axial 
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flow and two classes of centrifugal fans, namely, forward-curved multiple 
blade and backward-inclined blade design, for comparison purposes. 
These curves are not applicable for rigid comparison or actual selection, 
but are shown to indicate variation^ in operating characteristics. 

The curves in Fig. 1 of a typical axial flow fan show characteristics of 
non-overloading horsepower and high efficiency. These results are ob- 
tained by producing a more uniform pressure throughout the blade annulus, 
so that back flow does not occur except at high pressures. This avoidance 
in turbulence has a tendency to reduce noise. Fans of this type are operat- 
ing against static pressures as high as 4 in. water. The capacity and 
efficiency of axial flow fans when operating above the low pressure range 
can be improved by the use of either inlet or outlet guide vanes or both. 
The effect of such vanes is to increase the level of the pressure volume curve, 
and properly designed vanes on the discharge side of the fan have the ad- 
vantage of eliminating the rotational component of the air stream, thus 
restoring uniform axial flow. As high pressures usually require large hubs 
in proportion to the fan diameter, performance is improved by the use of 
round-nosed or conical forms mounted coaxially with the direct-connected 
fan (sometimes partly or wholly enclosing the motor) so as to make the 
changes in velocity to and from the fan blade annulus as uniform as space 
conditions permit. When axial flow fans are installed in ducts, provisions 
may be made to install the driving motor outside by employing slots in 
the duct to permit a belt drive from motor to fan sheave, or by extending 
the shaft for a direct-connected motor placed outside of a Y fitting or elbow 
in the duct system. 

The forward-curved multiblade fan and the backward-curved type are used 
extensively in heating, ventilating, and air conditioning Avork. The 
forward-curved type has a low peripheral speed and a large capacity. 
(See Fig. 2.) The point of maximum efficiency for this fan occurs near the 
point of maximum pressure. The static pressure drops consistently from 
the point of maximum efficiency to full open operation. The power 
curve rises continuously from low to peak capacity and, if reasonable care 
is exercised in calculating resistance, a moderate reserve in power in the 
motor selection will prevent overloading. 

The backward-sloped type includes the full backward-curved blade and 
the double-curved blade having a forward-curved heel and a backward- 
curved tip. This type has steep pressure curves, non-overloading power 
characteristics, and relatively high speed (see Fig. 3). This fan operates 
at a peripheral speed approximately 175 to 200 per cent of that of the 
forward-curved multiblade fan for like performance. Pressure curves for 
this type begin to drop at very low capacity, with the most rapid drop 
beginning at about 60 per cent of wide open volume. The steep portions 
of the pressure curves tend to produce nearly constant capacity under 
changing pressures. Where wide fluctuations in demand occur, especially 
where the regulation is obtained by damper control and particularly 
through by-passes, this type of fan is desirable to prevent overloading of 
motor. The maximum power requirement occurs at about the maximum 
efficiency. Consequently a motor selected to carry the load at this point 
will be of sufficient capacity to drive the fan over its full range of capacities 
at a given speed. The high speed of this type makes it adaptable for 
direct connected electric motor drives. 

Between the extremes of the forward and backward curved blade type 
centrifugal fans there exists a number of modified designs differing in 
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angularity and in the shape of the blades. Characteristic curves of these 
types show varying degrees of similarity to the curves in F^gs. 2 and 3. 

SYSTEM CHARACTERISTICS 

Any ventilating system consisting of duct work, heaters, air washers, 
filters, etc., has a system characteristic which is individual to that system 
and is indej^ndent of any fan which may be applied to the system. This 
characteristic may be expressed in curve form in exactly the same manner 
that fan characteristics may be shown. Typical system characteristic 
curves are shown as A, B and C in Fig. 4. These curves are drawn to 
follow the simple parabolic law in which the static pressure or resistance 



Fiq. 4. Parabolic System Characteristic Curves 

to flow of air varies as the square of the volume flowing through the sys- 
tem. Heating and ventilating systems follow this law very closely and 
no serious error is introduced by its use. 

When a constant speed fan curve for a given raze fan is super-imposed 
upon a system characteristic curve, the relation between the two is at 
once apparent. The only point common to the two curves is the point at 
the intersection of the system characteristic curve and the fan character- 
istic curve, and it is at this point that the combination will operate. In 
Fig. 4, system characteristic curves A, B and C cross the fan character- 
istic curve at points X, Y and Z. The fan whose curve is shown, when 
applied to systems having characteristic curves A, B and C, will deliver 
10,000, 13,000 or 16,400 cfm respectively. 

The curves in Fig. 4 also illustrate the effect of errors which may be 
made in calculating the resistance of a ventilating system. For instance, 
if a given system requires 13,000 cfm and the resistance to flow of the 
system has been computed as 1.25 in. static pressure, such a system would 
be represented by system characteristic curve B in Fig. 4, If a 100 per 
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cent error had been made and the resistance were 2.5 in. instead of 1.25 
in., then the system characteristic would be as shown in curve A and 
would cross the fan curve at 10,000 cfm. Such an error would cause 
the flow of air to be decreased from a design volume of 13,000 cfm to 10,000 
cfm. If the resistance to flow had been over estimated and the resistance 
actually were 0.625 in., the system characteristic curve would be as shown 
in curve C and the fan would deliver 16,400 cfm to the system instead of 
the design volume of 13,000 cfm. 

In this example extreme errors have been selected to emphasize the 
effect the square function of the system characteristic has in maintaining 
the fan performance within comparatively narrow limits. In the first 
example a system estimated at half what it should have been, resulted in 
a drop of 23 per cent in volume; and in the second example, a system es- 
timate at twice what it should have been resulted in an increase of 26 
per cent in volume. 

In some instances fans may be applied to variable flow systems. In 
such cases the limiting systems may be plotted and the effect on fan per- 
formance examined. For instance, a system might have a characteristic 
curve between A, shown in Fig. 4, as one limit, and B as the other limit. 
The fan performance will then fall between points X and Y on the fan 
curve at a point determined by the system characteristics at that particular 
time. If A and B are the limiting characteristic curves of the systems, the 
fan performance will never be outside the points X or Y. 

SELECTION OF FANS 

The following information is required to select the proper type of fan: 

1. Cubic feet of air per minute to be moved. 

2. Static pressure required to move the air through the system. 

.3. Density of air to be moved. 

4. Tyjje of motive power available. 

5. Whether fans are to operate singly or in parallel on any one duct. 

0. What degree of noise is permissible. 

7. Nature of the load, such as variable air quantities or pressures. 

In order to facilitate the choice of apparatus, the various fan manu- 
facturers supply fan tables or curves which usually show the following 
factors for each size of fan operating against a wide range of static pres- 
sures: (1) volume of air in cubic feet per minute (68 F, 50 per cent rela- 
tive humidity, 0.075 lb per cubic foot), (2) outlet velocity, (3) revolutions 
per minute, (4) brake horsepower, (5) tip or peripheral speed, and (6) 
static pressure. The most efficient operating point is usually shown by 
either bold-face or italicized figures in the capacity tables. 

Other important factors to be considered in selecting fans are: (1) 
efliciency, (2) space ocupied, (3) sound emission, (4) first cost, and 
(5) speed (both peripheral and revolutions per minute). These factors 
are not necessarily shown in the order of importance. In some installa- 
tions, space occupied may be of first importance; in others lowest power 
consumption is desirable. In many cases quietness of operation of the 
entire system is essential. Practically all fans operate at their lowest 
sound level when selected at or near the peak of the static efficiency so 
that in selecting a fan for highest static efficiency the quietest operating 
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range of the fan will also be obtained. Table 1 shows desirable outlet 
velocities and tip speeds, or peripheral velocities, for various static pres- 
sures. Fans selected accordingly will operate at or near the peak of the 
static efficiency with resulting low power consumption and noise levels. 
Smaller fans with higher outlet velocities may be used if the conditions 
are such as to warrant the additional power and increased sound level. 
When space for duct expansion from a fan outlet is not available there may 
be advantages in selecting a larger fan for reducing duct noises, although 
lower outlet velocities generally result in lower fan efficiencies which cannot 
always be justified on the basis of increased cost and space. Fans for 
schools, churches, residences, and all public buildings should be selected 
for lower outlet velocities and tip speeds than would be required for other 
types of installations. 

Having selected a fan for its quietest operating point consistent with 
the requirements of the installation (note sound level curves on Figs. 1 , 2 
and 3), it must be recognized that ventilating fans, even so selected, emit 
noise and precautions must be taken in the installation of the fans to pre- 
vent this noise from being transmitted to occupied portions of the building. 
Fans operating against high static pressures produce more noise than fans 
operating against low static pressures. Consequently, from a noise stand- 
point, the system should be designed to operate against the lowest static 
pressure possible. In many modern air conditioning systems it is neces- 
sary to introduce devices into the air stream for conditioning the air in 
various ways, the result of which is to set up a rather high static pressure 
against which the fan must operate. In such cases the sound level at 
the fan may be too high to be neglected and special sound treatment of 
the installation must be considered. When a fan is operating against 
higher pressures it should be located in a room either removed from the 
occupied areas, or in a room which has been acoustically treated to pre- 
vent sound being carried through the walls to adjoining spaces. The fan 
should be mounted on a resilient base along with its driving motor to absorb 
any noise or vibration which might be transmitted to the floor and thence 
to the building structure. All ducts should be connected to fans with un- 


Table 1. Good Operating Velocities and Tip Speeds fob Multiblade 

Ventilating Fans 


Static Preissdre 
Imcbrb or Water 

Forward Curved Blade Fanl 

Backward Tipped and Double Curved 
Blade Fans 

Outlet Velocity 
Feet per Minute 

Tip Speed 

Feet per Minute 

Outlet Velocity 
Feet per Miuuto 

Tip Speed 

Feet per Minute 

K 

1000-1100 1 

1520-1700 

800-1100 

2600-3100 

% 

1000-1100 

1760-1900 

800-1150 

3000-3500 


1000-1200 

1970-2150 

900-1300 

3400^000 

% 

1200-1400 

2225-2450 

1000-1500 

3800-4500 

¥ 4 . 

1300-1500 

2480-2700 

1100-1650 

4200-5000 

Vi 

1400-1700 

2060-2910 

1200-1750 

4500-5300 

1 

1500-1800 

2820-3120 

1200-1900 

4800-5750 


1000-1900 

3162-3450 

1300-2100 

5300-6350 

m 

1800-2100 

3480-3810 

1400-2300 

5750-6950 


1900-2200 

3760-4205 

1500-2500 

6200-7550 

2 

2000-2400 

4000-4500 

1600-2700 

6650-8050 


2200-2600 

4250-4740 

1700-2800 

7050-8550 


2300-2600 

4475-4970 

1800-2950 

7450-9000 

3 

2500-2800 

4900-5365 

2000-3200 

8200-9850 
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painted canvas, or other flexible material, to prevent any vibrations being 
transmitted to the duct work. Ducts leading into the fan room or from 
the fan should be acoustically treated on the interior and in special cases 
should be provided with sound traps or filters. Many ventilating sys- 
tems encounter noises which are connected with thafan in no way. Noises 
due to high duct velocities, abrupt turns, grilles, etc., may be present. 
Treatment of such problems is covered in Chapter 42. 

If double width, double inlet fans are selected, care must be taken that 
both inlets have the same free area. If one inlet of a fan is obstructed 
more than the other, the fan will not operate properly, as one half of the 
wheel will deliver more air than the other half. Proper installation and 
location are as important as the selection of the size of fan for that par- 
ticular installation. All fans will work according to their characteristic 
curves if properly selected and properly installed and operated. 

FAN DESIGNATIONS 

Fig. 5 shows the names and definitions of types of fans published by the 
National Association of Fan Manufacturers? 

In order to prevent misunderstandings, which may cause delays and 
losses, the arrangements and designations adopted by the National Asso- 
ciation of Fan Manufacturers^ and indicated in Figs. G and 7 should be used. 


Fig. 5. Names ani> Deb'initions op Types op Fans 





Propeller Fan 

A propeller fan consists of a propeller or disc tjrpe wheel 
within a mounting ring or plate and including driving mech- 
anism supports either for bolt drive or direct connection. 


Tubeaxial Fan 

A tubeaxial fan consists of a propeller or disc type wheel 
within a cyliiuler and including driving mechanism supports 
either for belt drive or direct connection. 


Vaneaxial Fan 

A vaneaxial fan consists of a disc type wheel within a cyl- 
inder, a set of air guide vanes located either before or after 
the wluM'l and including driving mechanism supports either 
for belt drive or direct connection. 


Centrifugal Fan 

A centrifugal fan consists of a fan rotor or wheel within a 
scroll type of housing and including driving mechanism sup- 
ports either for belt drive or direct connection. 
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Counter-Clookwise 
Top Horisontal 



Clookwiae 
Top Horisontal 



Clookwise 
Bottom Horizontal 



Counter-Clookwise 
Bottom Horizontal 



Clockwise 
Up Blast 



Counter-Clockwise 
Up Blast 



Counter-Clockwise 
Down Blast 



Clookwise 
Down Blast 






Counter-Clockwise 
Top Angular Up 


Clookwue 
Top Angular Up 


Clockwise 

Bottom Angular Down 



Counter-Clockwise 
Bottom Angular Down 


Fig. 7. Designation of Direction of Rotation and Discharge 

Note: Direction of Rotation is determined from the drive side for either single or double width or single 
or double inlet fans. (The driving side of a single inlet fan is considered to be the side opposite the inlet 
regardless of the actual location of the drive.) 


FAN CONTROL 

In some heating and ventilating systems it is desirable to vary the 
volume of air handled by the fan, and this may be accomplished by a 
number of methods. Where the change is made infrequently, the pulley 
or sheave on the driving motor, or fan, may be changed to vary the speed 
of the fan and alter the air volume. Dampers may be placed in the duct 
system to vary the volume. Variable speed pulleys or transmissions, such 
as fan belt change boxes, electric or hydraulic couplings, may be used to 
vary the fan speed. Variable speed motors and variable fan inlet vanes 
may also be used to adjust the fan volume. All of these methods will give 
control. From a power consumption standpoint, a reduction of the fan 
speed is most efficient. Inlet vanes save some power and dampers save 
the least. From the standpoint of firet cost, dampers usually are the 
lowest in cost. In some installations adjustments of volume are desirable 
at various times during the day or continuously. In others an increased 
supply of air in summer over that needed in winter is demanded. The 
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demands of each case will dictate which type of control is most desirable. 
Where noise is a factor, lowering the fan speed if possible is preferred as a 
control means, because of the resulting reduction in sound level. 

MOTIVE POWER 

Heating, ventilating and air conditioning fans are usually driven by 
electric motors, although other prime movers may be used. The small 
sizes of fans, and especially those operating in the higher speed range, are 
equipped with direct-connected motors. For larger size fans and those 
operating at lower speed V-belt drives are generally used. 

In selecting the size of motor for operating a fan, it is advisable to 
select at least the standard size next larger than the fan requirements. 
Direct-connected motors do not require so great a safety factor as belted 
units. Justification for liberal power provision exists only in systems 
where it is possible that larger volumes of air may be required at intervals 
and made available by use of by-pass dampers, thus greatly reducing the 
system resistance. If such a system includes a fan with forward-curved 
blades, it would be necessary that the motor be sized for the maximum 
volume and duty. If such a system includes fans with backward-curved 
blades, the volume peak would not make it necessary to provide addi- 
tional motor power. In selecting fans for such a system, sound ratings 
should be given careful consideration. 

Where a system is constant, and has no provision for volume change 
that would materially reduce the resistance, and when the resistance 
calculations are reasonably accurate, there is no necessity for too liberal 
a motor allowance, even where fans with forward-curved blades are used, 
if the fan has been properly selected. Fig. 4 shows that the system re- 
sistance varies as the square of the volume and the fan static pressure varies 
approximately inversely’' as the volume, thus greatly offsetting the trend 
toward both increase in air delivery and motor load. Reference to Fig. 
4 indicates that there is no justification for allowing large spare motor 
capacity, and it is generally more economical to operate motors well loaded. 

ATTIC FANS 

Attic fans are used during the warm months of the year to draw large 
volumes of outside air through a house and offer a means of using the 
comparative coolness of outside evening and night air to lower the inside 
temperature. 

Because the low static pressures involved are usually less than | in. 
of water, disc or propeller fans are generally used instead of the blower 
types. The fans should have quiet operating characteristics, and they 
should be capable of giving 20 to 30 room air changes per hour in northern 
areas. In the South usual specification requires one air change per minute 
which provides appreciable air movement in addition to lowering the inside 
air temperatures^. 

Types 

Open attic fans are units in which the fan is installed in a gable or dormer 
of the attic and one or more grilles are provided in the floor of the attic, 
permitting air to flow from the hall below. Outdoor air, which enters 
the house through open windows, is drawn into the attic through the 
grilles, and is discharged outside by the fan. An attic stairway may be 
used in place of the grilles. It is essential that the roof and the attic 
walls be free from air leaks. 
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Boxed-in fans are units in which the fan is installed within the attic in 
a box or housing directly over a central ceiling grille, or in a bulkhead 
enclosing an attic stair. The fan may be connected by a duct system to 
the grilles in individual rooms. Outdoor air entering through the windows 
of the rooms below is discharged into the attic space and escapes to the 
outside through louvers, dormer windows, or screerTed openings. 

Another version of the attic fan is the vnndow fan for use when attic 
application is not feasible or no attic is available. Supplied with a per- 
forated or expanded metal enclosure and mounted in either the upper or 
lower window section, this fan is easy to install or transfer. 

The locations of the fan, the outlet openings, and grilles should be 
selected after consideration of the room and attic arrangements in order 
to give uniform air distribution in the individual rooms served. If the 
outlet for the air is not on the side away from the direction of the pre- 
vailing wind as in the case of the boxed-in fan, openings should be provided 
on all sides. Kitchens should be separately ventilated because of the fire 
hazard, and to prevent the spread of cooking odors. 

The window fan may be located in a hall or an unused bedroom. Noise 
of operation is more of a problem with the window fan than with the attic 
type, although care should be taken to locate either type of fan so that 
occupants are not disturbed. 

These fans range in capacity from 3,000 to 30,000 cfm. The window 
type usually does not exceed 8000 cfm, while the most generally used attic 
type ranges from 8000 to 16,000 cfm. Power consumption is under 50 
watts an hour per 1000 cfm of rated output for the 8000 cfm fan and 
larger, while the watts input for smaller fans is greater than this figure. 
Improved results can be secured with the window fan by closing off parts 
of the house where ventilation is not desired. 
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CHAPTER 33 

AIR CLEANING DEVICES 


Filters, Dust and Lint, Viscous Impingement Type Filters, Dry Air Filters, Electric 
Precipitators, Air Filter Performance, Testing, Selection and Maintenance, Filter 
Installation, Adsorption of Vapors, Dust Collectors, Degree of Dust Removal 
Required, Factors Affecting Selection, Types and Application of Dust 
Collectors, High Voltage Electrostatic Precipitators, Wet and 
Centrifugal Collectors, Settling Chambers, Testing Methods 


A ir cleaning devices remove contaminants from an air or gas stream. 

^ They are available in a wide range of designs to meet various air 
cleaning requirements. Degree of removal required, quantity and char- 
acteristics of the contaminant to be removed, and conditions of the air or 
gas stream will all have a bearing on the device selected for a given applica- 
tion. Definitions and a discussion of contaminant characteristics are given 
in Chapter 10, together with some consideration of their origin. 

Air cleaning devices are divided in this chapter into two basic groups: 
Air Filters, described in Part I and Dust Collectors described in Part II. 

Air filters are designed to remove dust concentrations such as are found in 
outside air, and are employed in ventilation, air conditioning, and heating 
systems where dust content seldom exceeds four grains per thousand cubic 
feet of air. 

Dust colUciors are designed for the heavier industrial loads encountered 
in local exhaust ventilation where dust content (loading) ranges from 100 
to 20,000 grains per thousand cubic feet of air. This heavy loading from 
industrial dust control systems is often overlooked. Because of it air clean- 
ing devices in the air filter group can seldom be used for control of process 
dust in industrial applications. 

PART I— AIR FILTERS 

Air filters are installed in ventilating systems to remove the airborne 
dusts which tend to settle out in the still air of the ventilated space and 
become a nuisance. Such dust comes under the classification of temporary 
atmospheric impurities listed in Fig. 1, Chapter 10, and includes most of 
the pollens, house dust, and similar allergens which motivate attacks upon 
persons of allergic sensitivity^ 

The air filters classified as viscous impingement types are widely used in 
general ventilating systems and will usually justify their cost through a 
reduction in housekeeping costs in the ventilated space. For industrial 
applications and in locations where the larger part of the atmospheric im- 
purities are of fine particle size such as smoke and fumes, more effective dry 
filters and electric precipitators are proving economical. By use of com- 
binations of filters advantage may be taken of specific characteristics of the 
various types of filters. 

There is at the present time no generally accepted standard test method 
for measuring the cleaning efficiency of an air filter. Air filters are usually 
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selected on the basis of experience or judgment guided by the results of 
various test procedures. 

A description of various types of air filters available commercially will 
be foimd under air filters in the catalog section of The Guide. 

DUST AND LINT 

Airborne solid matter from the viewpoint of air filtering is considered 
as lint and dust. Some lint originates outdoors, as animal hair, vegetable 
fibers, etc., but much is generated within buildings by the wear and brush- 
ing of fabrics in the form of clothes, draperies, carpets, etc. Lint is com- 
paratively easy to capture in an air filter because of its comparatively great 
length. So far as air filter performance and testing are concerned, lint is 
chiefly important because of its tendency to impede or stop the flow of air 
through the filter. In general, lint, if not captured, will accumulate in 
comers and under furniture in a building in areas of slight air motion and 
in some cases may seriously obstruct heating and cooling coils. Dust 
settles, or is precipitated by heat or air motion, upon furniture, fixtures and 
walls and the only satisfactory treatment is washing or re-painting. Dust 
is more difiicult to capture than lint, and, obviously, small particles are 
more difiicult to capture than large ones. The air cleaning problem is 
complicated by the vast difference in size of dust particles, the range of 
which is shown in Fig. 1, Chapter 10. 

As a general rule, the removal of the coarser dust particles and lint from 
the ventilating air produces tangible results in so far as cleanliness in a 
house or building is concerned, because much of the finer dust remains 
suspended in the air and is removed from the building by the circulating 
air. However, since some of the fine dusts are undoubtedly deposited by 
means other than settling, such as electrical or thermal precipitation*’® and 
by contact, the ability to remove small particles is desirable in an air cleaner 
if it can be obtained at not too great a cost. 

VISCOUS IMPINGEMENT TYPE FILTERS 

The medium in a viscous impingement type filter is usually a fiber pack 
for non-automatic types or a series of metal plates for automatic self-clean- 
ing types. In either case, the medium is treated with a viscous substance, 
often an oil or grease, called the adhesive or the saturant, intended to retain 
dust particles which come in contact with it. Also, in either case, the 
arrangement is such that the air stream is broken up into many small air 
streams and these are caused to change direction abruptly a number of 
times in order to throw the dust particles, by momentum, against the adhe- 
sive. Several desirable characteristics of an adhesive for air cleaners of 
this type are: (1) Its surface tension should be such as to produce a 
homogeneous film or coating on the filter medium, (2) The viscosity should 
vary only slightly with normal changes of temperature, (3) It should pre- 
vent the development of mold spores and bacteria on the filter medium, (4) 
The liquid should have high capillarity, or ability to wet and retain the 
dust at all operating temperatures, (5) Evaporation should be slight, (6) 
It should be fire resistant, (7) It should be odorless. 

Various fibrous materials have been used as filtering media in unit filters 
of the viscous impingement type. These include glass fiber, steel wool, 
similar wool of non-ferrous metals, wire screen, animal hair, hemp fibers, 
and other materials. In such filters, the medium is often packed more 
densely on the discharge than on the approach-side in order to increase the 
dust holding capacity. This results in a selective arrestance of dust with 
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the larger particles nearer the approach face. The arrangement also per- 
mits some penetration of lint into (but not through) the filter, so that the 
amount of lint which can be tolerated on the filter is also increased. Due 
to plane surface area the viscous impingement type filter, however, may be 
inferior to some dry types if the air carries a high percentage of lint. 

The resistance of air filters obviously increases with the rate of air fiow 
through them. Face velocities of about 300 fpm and resistances in the 
range from 0.1 to 0.2 in. water, when the device is new and clean, are usual 
for ventilation system filters. Special filters with low resistances are avail- 
able for use with gravity warm air furnaces and for other applications where 
only low pressure is available. 

The resistance of these filters increases with dust or lint loading and it 
is the resistance due to this cause which ordinarily necessitates servicing. 
The rate of loading obviously depends upon the amount as well as the kind 
of dust in the air and for this reason periods between servicing cannot be 
predicted. Manometers are often installed to indicate the pressure drop 
across filter banks and they serve to indicate when the filter requires clean- 
ing. The pressure drop tolerated differs between operators and system 
designs. The resistance of a filter bank can be kept desirably low by per- 
iodically servicing some but not all of the units in the bank at one time. 

The method of cleaning viscous impingement unit filters differs for differ- 
ent types of filters and kinds of dust. Much dry dust or lint can often be 
removed by rapping the filter. 

Throw-away filters are constructed of inexpensive materials and are de- 
signed to be discarded after one use. The frame is frequently a combination 
of cardboard and wire. 

Cleanable types usually have metal frames. Various cleaning methods 
have been recommended including; air jet, water jet, steam jet, washing 
in kerosene, and dipping in an oil. The latter may serve both to clean the 
filter and add the necessary adhesive. 

Automatic Viscous Filters 

In an automatic air filter, means are provided to remove the dust from 
the medium mechanically. Automatic filters with moving cloth media 
have been constructed but are not now in wide use. 

The medium in a typical automatic filter at present consists of a series 
of specially formed metal plates mounted on a pair of chains. The chains 
are mounted on sprockets located at the top and bottom of the filter hous- 
ing, so that the filter medium can be moved as a continuous curtain up one 
side and down the other side of the sprockets. The arrangement is such 
that, at the bottom, the medium passes through a bath of special oil which 
both serves to remove the dirt from the plates and acts as an adhesive when 
the cleaned plates next pass through the air stream. The plates forming 
the filtering medium or curtain usually overlap each other and due to their 
special shape many small air passages are formed between them. These 
air passages turn abruptly one or more times in order to give the impinge- 
ment effect. 

An electrically driven rotating device is usually supplied with an auto- 
matic filter. The device may be set to move the curtain periodically, or a 
special switch, actuated by pressure drop, may be used to govern its motion. 
In operation, the resistance of an automatic filter will remain approximately 
constant as long as proper operation is obtained. A resistance of | in. 
water at a face velocity of 500 fpm is typical of this class. 
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DRY Am FILTERS 

The media in such filters are usually fabrics or fabric-like materials. 
Media of wool felt, cotton batting (both glazed and unglazed), cellulose 
fiber and other materials have been used commercially. The medium in a 
filter of this class is usually supported by a wire frame in the form of pockets 
or V-shaped pleats in order to increase the area exposed to the passage of 
air. A 2 ft square unit may contain from 15 to 30 sq ft of medium. 

^ Dry air filters are likely to have a comparatively high lint-holding capa- 
city on account of the large area of medium used. Wool felt media are 
troublesome to clean when impregnated with greasy dust and they are too 
expensive to discard frequently. Both vacuum cleaning and dry cleaning 
have been used for reconditioning wool felt filters. 

ELECTRIC PRECIPITATORS 

The fact that a particle exposed to an electric field will assume a charge 



Fig. 1. Diagrammatic Cross-Section of Electrostatic Precipitator 


and migrate toward one of the electrodes has been utilized for some years 
in boiler plants as a means of smoke abatement. The same principle has 
been used in equipment developed for air cleaning in air conditioning with- 
out generating ozone in intolerable quantities. The air stream in a pre- 
cipitator passes first through a relatively high-tension electric field, known 
as the ionizing field, and then through a secondary field where the precipita- 
tion of the dust occurs. The arrangement is as shown in Fig. 1. 

In a typical case, a potential of 12,000 volts may be used to create the 
ionizing field, and some 5000 volts between the plates upon which the 
precipitation of dust occurs. These voltages, which are capable of shock 
to personnel similar to that of a spark plug, necessitate some safety meas- 
ures. A typical arrangement provides means for automatically making the 
unit inoperative when a door to the precipitator is opened. To resume 
operation the procedure necessitates closing the door and turning an electric 
switch, the latter of which should be located at a reasonable distance from 
the equipment. The voltages necessary for the operation of the precipita- 
tor are usually obtained from an alternating current building service line 
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by means of a step-up transfonner. Precipitation with alternating current 
is possible but is not nearly so effective ; so the current is usually rectified 
by means of vacuum tubes. The transformer and tubes are collectively 
termed the power pack. * 

Only a vepr small amount of electric energy is necessary to operate an 
electric precipitator and the resistance to air flow through the device is 
practically negligible. Some care is necessary in arranging the duct 
approaches on the entering and leaving sides of precipitators to assure that 
the air flow is distributed uniformly over the cross-sectional area. The 
efficiency of the precipitator is sensitive to air velocity and the device itself 
has much less tendency to rectify the air stream than filters, which have 
much higher resistances. 

Electric precipitators are available in both automatic and non-automatic 
types. The plates of non-automatic precipitators are commonly coated 
with a light oil as an adhesive. Cleaning is accomplished with a water hose 
and, for this reason, the bottom of the equipment is made water tight and 
provided with a drain. In one automatic type, precipitation units are 
mounted on chains and are alternately dipped in oil and exposed to the air 
stream with an action similar to that of an automatic impingement filter. 
An arrangement of sliding contacts maintains the necessary electric circuits. 

AIR FILTER PERFORMANCE AND TESTING 

Air filters are generally rated in terms of the total air flow for which they 
are designed expressed in cubic feet per minute. Face velocity is defined 
as the average velocity of the air entering the filter, and it is determined by 
taking the air flow and dividing it by the area of the duct connection to the 
cleaner in square feet. Filters are often rated at a face velocity in the 
range of 250 to 500 fpm. Resistance to air flow is usually measured in 
inches of water column. The resistances of filters when new and clean and 
^^'hen operated at rated capacity are generally available from the manu- 
facturer (see Catalog Data Section). 

The ability of air cleaners to clean air is called the efficiency or the arrest- 
ance, and may be denoted by the symbol E. The efficiency of an air 
cleaner differs with the size and nature of the dust on which the cleaner 
operates. The efficiency of an air cleaner, algebraically expressed, is : 


where 

Di = amount of dust per unit volume in uncleaned air. 

Di = amount of dust per unit volume in cleaned air. 

Several methods have been investigated for evaluating Di and A. The 
particle count method is not used for efficiency evaluation except in investi- 
gation of filter performance on specific particles such as pollen or on certain 
industrial dusts harmful to health. Dust particles can be captured on 
microscope slides by means of one of the various kinds of impingement 
devices. The process is useful if an inspection and analysis of dust is de- 
sired, but particle counting is not sufficiently precise for evaluating the 
efficiency of a cleaner operating on a heterogeneous dust. 

The weight method of evaluating efficiency has found wide utility and 
was recognized by the American Society of Heating and Ventilating 
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Engineebs and incorporated in a code*. For this test, a known weight of 
a prepared dust is injected into air supplied to the filter and the quantity 
of dust in the cleaned air is determined by extracting and weighing the 
dust from a known voliune of the cleaned air. Dust extraction from the 
air is accomplished by drawing the air through a porous crucible or thimble 
by means of a high vacuum. 

The dust-spot or blackness test for cleaner efficiency was developed at the 
National Bureau of Standard^. The test consists of drawing samples of 
cleaned air and of uncleaned air through filter papers simultaneously. The 
ratio of the areas of paper through which the air samples are drawn and the 
ratio of the amount of air drawn through the papers are adjusted during 
successive trials to yield spots of approximately equal blackness on the 
papers. The ratios of the areas and of the volumes of the air samples are 
then indicators of the filter effectiveness. A special photometer is provided 
for comparing the blackness or opacity of the papers by transmitted light. 
For tests of ordinary air filters by this method, a dust is injected into the 
air stream. The dust consists of precipitated smoke particles from a 
Cottrell precipitator used in a local power plant for smoke abatement. For 



Fio. 2. Resistance to Air Flow or Typical Unit Air Filters 

tests of electrostatic air cleaners, no dust is added to the air. Tests are 
commonly made with the dust existing in the air at the location of the 
installation on a clear day. Some specifications for this type cleaner have 
required that in dust spots of equal area the downstream spot shall not be 
any dirtier than the upstream spot when 10 times as much air is drawn 
through it as is drawn through the upstream spot. When this condition is 
met the cleaner is said to have an efficiency or arrestance of 90 per cent or 
better on atmospheric air. 

Dust-holding capacity is defined as the amount of dust which a filter 
can retain and have a resistance less than some arbitrary value. The term 
applies only to non-automatic air cleaners. Determination of dust-holding 
capacity is an objective of each test under the A.S.H.V.E. Standard Code*. 
Curves are obtained during such tests to show the relation between dust 
load and resistance. 

Fig. 2 indicates the general range of resistance to air flow through unit 
air filters. Type A is a dense pack used in bacterium control ; Type B is a 
medium pack used for general .ventilation work; and Type C is a low 
redstance unit, for use where low resistance is the important factor and 
maximum cleaning efficiencies are not essential. 

At the National Bureau of Standards two injectors are provided on the 
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air cleans testing apparatus. One injector is used to contaminate the air 
stream with Cottrell precipitate, previously described. This dust is used 
to make both efficiency determination and dust-holding capacity tests. 
The other injector contaminates the air stream with cotton linters with 
which lint-hol(^g capacity teste are ihade. The curves in Fig. 3 illustrate 
the difference in the characteristics of two filters, one a viscous-impinge- 
ment type and the other a dry filter with a cellulose fiber medium. The 
two injectors can be operated either separately or simultaneously. A total 
dust deposit of 4 per cent cotton linters and 96 per cent Cottrell precipitate 
gives a deposit on a filter closely resembling those that occur in Washington, 


SELECTION AND MAINTENANCE 

For removing fine dust or liquid particles which show no gravitational 
settling tendency electrical precipitators are highly effective in air cleaning 



Pig. 3. Dust and Lint Holding Capacity of Two Filtbbs 


applications. The electrostatic equipment is comparatively expensive to 
install and maintain. However, in many applications where the cleanest 
air possible is needed, this expense is justified by the results obtained with 
properly installed and operate electrostatic air filters. 

The advantage of the automatic impingement type filter consists in the 
small amount of attention which it requires. Such devices are therefore 
to be recommended where labor is scarce or where reliable and frequent 
attention to filters cannot be assumed. This type of equipment is not any 
better in dust arrestance than some unit filters, and it ran^ next to precipi- 
tators in first cost. 

Unit filters constitute the majority of air cleaners now in use, and some 
choice is possible between the types available. Where lint in an eminently 
dry state predominates, a dry filter obviously may be preferable to other 
types because of its lint-holding capacity. If the lint is greasy or if oil 
vapor exists in the air, the diy filter, if it is of the cleanable type, may be 
troublesome, since grease tends to make it difficult to clean. Ine cleaning 
difficulty is avoided if a throw-away type of medium is used. Some dry 
filters are capable of high efficiencies, compared to other unit filters on £tee 
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particles, but their dust-holding capacity for such dust may be inferior to 
that of the viscous impingement type. 

Viscous impingement unit filters represent the general type of air cleaner 
now in use. They have approached standards in size and their over-all 
dimensions are small when compared Avith their ratings. 

Throw-away units are often installed in series so that the one in front, 
which usually becomes plugged Avith lint, can be discarded after which the 
downstream unit is moved to the front and replaced by a new unit. 

Viscous impingement unit filters do not have efficiencies as high as can 
be expected Avith some other types of unit filters, but their first cost and 
upkeep are generally loAA’er, Avhether of the cleanable or the throw-away 
type. They require more careful attention than the automatic oil type if 
the resistance is to be maintained Avithin reasonable limits. 

FILTER INSTALLATION 

Many air cleaners are available in units of convenient size for handling 
AAffien installing, cleaning or replacing. Such units are usually designated 
as filters or unit filters. A typical unit filter may be 20 in. square and from 
one to several inches thick, depending on the manufacture and proposed 
use. In large systems, a number of such units are installed adjacent to 
each other and collectively called a bank of filters. 

Air cleaners are commonly installed in the outdoor air intake ducts of 
buildings and, often, in the recirculating air ducts as aacII. Cleaners are 
logically placed ahead of heating or cooling coils and other air conditioning 
equipment in the system to protect them from dust. The character of the 
dust arrested by the filters in an air intake duct is likely to be mostly 
particulate matter of a greasy nature, AAdiile lint may predominate in dust 
from within the building. 

The published performance data for all air filters are based on straight 
throiLgh unrestricted air flow. Filters should be installed so that the face 
area is at right angles to the air Aoaa^ Avhenever possible. Eddy currents 
and dead air spaces should be avoided and air should be distributed uni- 
formly over the entire filter surface, using baffles or diffusers if necessary. 

Failure of air filter installations to give satisfactory results can in most 
cases be traced to faulty installation or improper maintenance or both. 

The most important requirements of a satisfactory and efficiently oper- 
ating air filter installation are : 

1. The filter must be of ample size for the amount of air it is expected to handle. 
An overload of 10 to 15 per cent is regarded as the maximum allowable. When air 
volume is subject to increase, a larger filter should be installed. 

2. The filter must be suited to the operating conditions, such as degree of air clean- 
liness required, amount of dust in the entering air, type of duty, allowable pressure 
drop, operating temperatures, and maintenance facilities. 

3. The filter type should be the most economical for the specific application. The 
first cost of the installation should be balanced against depreciation as well as expense 
and convenience of maintenance. 

The following recommendations apply to filters and washers installed 
with central fan systems : 

1. Duct connections to and from the filter should change size or shape gradually to 
insure even air distribution over the entire filter area. 
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2. Sufficient space should be provided in front as well as behind the filter to make 
it accessible for inspection and service. A distance of two feet may be regarded as 
the minimum. 

3. Access doors of convenient size should be provided in the sheet metal connec- 
tions leading to and from the filters. 

4. All doors on the clean air side should be lined with f^lt to prevent infiltration of 
unclean air. All connections and seams of the sheet metal ducts on the clean air side 
should be as air-tight as possible. 

5. Electric lights should be installed in the chamber in front of and behind the air 
filter. 

6. Air washers should, whenever possible, be installed between the tempering and 
heating coils to protect them from extreme cold in winter time. 

7. Filters installed close to air inlet should be protected from the weather by suit- 
able louvers, in front of which a large mesh wire screen should be provided. 

8. Filters should have permanent indicators to give a warning when the filter 
resistance reaches too high a value. 

Safety Requirements 

An investigation of safety ordinances should be made by the engineer 
when the installation of an air cleaner of any considerable size is contem- 
plated. It is possible that combustible filtering media may not be per- 
mitted in accordance with some existing local regulations. Combustion of 
dust and lint on a filtering medium is possible, though the medium itself 
may not burn. 

ADSORPTION OF VAPORS OTHER THAN WATER 

Many of the foreign gases in the atmosphere are selectively adsorbed by 
charcoal. Included arc many of the organic gases, such as those emanating 
from animals and people, some of the gaseous constituents of combustion, 
alcohols, ketones, esters, and gaseous products of putrefaction. 

Charcoals differ widely in their adsorptive capacity. Those which have 
marked adsorption characteristics, such as properly prepared coconut shell 
charcoals, arc sometimes called activated charcoals or activated carbon. These 
materials can adsorb approximately 50 per cent of their own weight of 
many organic gases at 70 F. The charcoal may be used for a long time by 
reactivation at high temperatures, under which condition it gives up the 
adsorbed gases. Temperatures of approximately 1000 F are desirable for 
reactivation. Charcoals for use in air handling systems should be able to 
stand physical handling, including reactivation, without excessive loss by 
breakage or dusting. 

As applied in air handling systems, the charcoal is placed in perforated 
metal containers which are grouped in frames and set in the air stream. 
The percentage removal of an organic gas, such as carbon tetrachloride, is 
95 per cent or above \^'hen placed in intimate contact with the carbon at 
70 F. In commercial apparatus there may be a by-pass effect which de- 
pends on the physical arrangement of the charcoal containers. This by- 
passing reduces the percentage removed in the total gas passing through 
the adsorber. Resistan(^e to air flow is usually selected within the general 
range of resistance of imping(‘ment filters. 

The required (juantity of recirculated air to be treated is determined by 
the requirements for contaminant-free air, minus the outdoor air, divided 
by the fraction denoting the percentage removal of the gas in question in 
the adsorber bank which is to be used. 

Adsorbers may be applied to reduce objectionable gases entering through 
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the outdoor air inlet. They may also be used to reduce the odors caused 
by exhausts from processing. Adsorber beds, in all cases, should be pro- 
tected from dust, free oil and grease. 

PART 2— DUST COLLECTORS 

Industrial development and growth of industrial areas have had a cumu- 
lative effect upon the problem of dust control. Not only has the atmosphere 
in many cities become more polluted, but the intensity of pollution at the 
points of control has increased. Accompanying this increase in pollution 
there has been a growing consciousness of the need for more effective air 
cleaning among housewives, store managers, industrialists and legal inspec- 
tors and this has resulted in increasing severity of regulations pertaining to 
collection of dust and contaminants. 

Air cleaning for the supply system is usually accomplished by means of 
some type of air filter. To prevent escape of industrial dust into the atmos- 
phere some type of dust collector is required. An industrial air cleaning 
installation is designed to perform one or more of the following functions : 

1. Prevent a nuisance or physical damage to a plant or adjacent property. 

2. Prevent re-entry of contaminants to working spaces. 

3. Reclaim usable material. 

4. Reduce fire, explosion or other hazards. 

5. Permit recirculation of cleaned air to working spaces. 

DEGREE OF DUST REMOVAL REQUIRED 

Minimum standards of dust removal required of a dust collector may be 
established by local or state regulations, prepared by municipal smoke 
abatement or health departments or by state labor or health departments. 
Regardless of minimum standards, it is good practice to install the most 
effective collection equipment available in the light of practical operation 
features and installation and equipment costs. This is warranted because 
the required degree of effluent removal is increasing continually. Public 
nuisance complaints often occur even when the effluent concentration dis- 
charged to the atmosphere is below the permissible limits of concentration 
and visibility. Plant location, contaminants involved and meteorological 
conditions of the areas must be evaluated in addition to existing regulations 
or codes of good practice. 

Air cleanliness must be of the highest order where cleaned air is recircu- 
lated to the workroom. Such recirculation is considered poor practice and 
is prohibited by many states where toxic materials are involved except for 
those cases where discharge to atmosphere is impossible or decidedly im- 
practicable. Where air is recirculated air contamination must not exceed 
the established maximum allowable concentrations listed in Chapter 10. 
Usual requirements are a fraction, often J to §, of this standard, depending 
on: State involved, air quantities recirculated in relation to the cubical 
content of working space, and the presence of other exhaust systems dis- 
charging to the atmosphere. 

FACTORS AFFECTING SELECTION 

Selection of a dust collector for a given application requires an evaluation 
of: 


1. Dust load and particle size of the contaminant, 

2. Degree of removal required. 
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3. Conditions of air or pas stream with reference to temperature, moisture con- 
tent, and chemical composition. 

4. Characteristics of contaminant whether corrosive, sticky, packing, and its spe- 
cific gravity, particle size and shape. 

5. Methods of disposal or salvage that meet the conditions imposed by material, 

process, or plant location. ^ 

With the range of variables that must be considered, selection of proper 
dust collection equipment is based largely on experience, and manufacturers 
of such equipment should be consulted for their recommendations. 

TYPES AND APPLICATION OF DUST COLLECTORS 

Dust collectors are available in a multiplicity of designs, frequently in- 
volving more than one principal of operation. Basic principals of operation 
are described in following sections. Manufacturers of various types can be 
found in the catalog section of The Guide, or in handbooks featuring such 
equipment. 

Electrostatic Dust Precipitators 

Electrostatic dust and fume collectors differ materially from the low 
voltage designs described in Part I of this chapter, although the principles, 
methods of operation and efficiencies are similar. For dust collector 
loads, it is obvious that more severe demands are made upon methods of 
cleaning the collector, disposal of dust accumulations and servicing prac- 
tices. Low voltage cleaners to date do not have sufficient inherent dust 
holding capacity. One exception in the held of exhaust systems is that of 
the oil mist collector, which functions satisfactorily with the conventional 
low voltage type electrostatic precipitator. 

The heavy duty dust collectors employ an assembly of parallel collector 
electrodes of various constructions including corrugated plate, rod curtains 
or perforated plate. Air flow is usually horizontal although special con- 
struction may permit vertical air flow. The earlier high voltage collectors 
were made in the form of vertical pipes, and are still used for high operating 
pressures and for wet collector designs where water continuously flows down- 
ward inside the pipe walls of the collector electrode. The negative dis- 
charge electrodes or rods are accurately centered between the usual 9 in. 
collector electrode spacing, the latter being of positive charge. Precipita- 
tion occurs in a single stage, wherein ionization and collection arc carried 
on simultaneously throughout the unit and depend on high potentials of 
60,000 to 75,000 volts. The two-stage type which has the added primary 
stage of ionizer and receiving electrodes, however, fulfills some needs better 
than the single stage type. 

High efficiencies are obtained by allowing suitable time for contact in the 
collector zone and by proper ratio of air flow velocity to that of transverse 
velocity of the negatively charged particles toward the positive charged 
collector plates. Air velocities vary from 4 fps to 8 fps with negligible 
pressure drops. 

Attention should be directed to the prohibition of air recirculation to 
occupied spaces. High voltage cleaning equipment produces ozone in ex- 
cessive quantities and, in addition, develops oxides of nitrogen. 

Collector electrode cleaning is conveniently managed by a rapping device, 
either electrical or pneumatic, without interrupting operation. The dry 
plate surfaces release the dust readily into hoppers below the plates. 

For longer than two decades electrical precipitators of the heavy duty 
high voltage type have been used for the control of hazardous materials 
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and for nuisance abatement. They have been applied to flue gases from 
cement kilns, smelters and paper plants; to exhaust systems serving 
crushers, grinders and conveyors ; to chemical and metal working plants ; 
and to many pulverized-fuel, fly-ash applications. To date, precipitators 
have been used principally for elevated temperature installations and dry 
products that are free of condensation or dampness. 

Fabric Collectors 

Dust collectors in this group, often known as cloth dust arresters or cloth 
filters^ remove dust by passing air at low velocity thru a filter material. 
Cotton cloth is the usual material although wool, glass, asbestos, and metal 
screen are sometimes employed. Filter velocities depend on dust concen- 
tration, particle size, and permissible vibration interval. Normally at 
about 3 fpm, they often are reduced to 1 fpm or lower where heavy dust 
loads of very fine material are involved. Velocities in excess of 6 fpm are 
seldom used except in automatically vibrated sectional collectors where 
velocities as high as 20 fpm are frequently employed. 

Collection efficiency is high even for low micron dust sizes when the 
collector is properly maintained. As collected material builds up on filter 
surfaces, increasing the resistance to air flow, such a system must be stopped 
at 4 to 8 hour intervals so that the dust load can be vibrated from the filter 
surfaces to reduce the pressure loss. 

Filter cloth is supported in the form of envelopes or bags in a suitable 
steel housing. Space requirements are quite large, generally necessitating 
an outdoor location. Pressure drop is normally 2 to 4 in. water column. 
Material is collected diy . Fabric arresters are limited to applications where 
air is above the dew point as condensation packs th(^ collected material with 
resultant high pressure drop and prevention of removal by vibration. 
Temperatures should not exceed 180 F for cotton, 200 F for wool. 

Wet Collectors 

In a wet dust collector, the contaminant is brought into contact with a 
liquid, usually water, for removing the dust from the gas stream. The 
various available designs represent combinations of methods that make 
cataloging according to principles, pressure drop, or efficiency difficult. 
Wet type dust collectors have the ability to handle high temperature and 
moisture laden gases. The collection of dust in a wetted form eliminates a 
secondary dust problem in disposal of collected material. However, the 
use of water may introduce corrosive conditions within the collector and 
freezing protection may be necessary if collectors are located outside in cold 
climates. Space requirements are nominal. Pressure losses and collection 
efficiency vary widely with design. 

1. Sialic Washers. These units unlike most air washers are designed to handle 
heavy concentrations of dust. Both scrubber and eliminator plates (each having 
flooding nozzles) are employed in addition to the bank of sprays ahead of the scrubber 
plates and 2 banks of opposed sprays located ahead of the eliminators. A hopper- 
bottom tank with recirculating pump completes the assembly. Pressure drop is 
about i to Y of water. Spray towers can be placed in this same group, usually 
consisting of a tower structure with various nozzle arrangements and usually includ- 
ing an eliminator section at the top. 

Wet glass cell washers have special sprays playing on filter cells tilled with fiber- 
glass or other filter media. Flooded eliminator plates are used to remove free mois- 
ture from the air stream. Pressure drop is about of water and the length of the 
unit is comparable to that of a single stage air washer. Applications are usually 
limited to low dust concentrations. 
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2. Packed Towers, Collectors in this group are essentially contact beds through 
which gases and liquids pass either con -currently, counter-currently, or in cross flow 
and are used primarily for nuisance abatement of hiehly corrosive contaminants. 
The liquid usually enters at the top of the tower while the gases may enter at the top, 
at the bottom, or through an open side. 

Water flow rates of 5 to 10 gpm per 1000 cfin (70 F volume) are distributed fre- 
quently through V -notched ceramic or plastic weirs . Higlf temperature deterioration 
is avoided by use of brick linings permitting 1600 F gases direct from furnace flues. 

Air flow pressure loss for four foot beds of irregular shaped materials such as 
ceramic saddles or coke range from to wg with respective face area velocities 
of approximately 200 to 300 fpin. 

3. Wet Centrifugal, A number of designs utilize a combination of centrifugal force 
and water contact to affect col lection . In designs of this group, collector is cylindrical 
in either the shape of a tower or with the axis horizontal. Air is introduced tan- 
gentially and frequently directed counter current to flow of water by baffles or direc- 
tional plates. Water may be brought into contact with the dust particles by keeping 
collector surfaces washed by spray nozzles, by induced water picked up by the air 
or by fall of water due to gravity. Pressure losses range from 2Y to G''. 

4. Dynamic Precipitator. This type uses water sprays within a fan housing and 
obtains precipitation of the dust particles on the wetted surfaces of an impeller with 
social fan blade shape. No external pressure drop is involved although mechanical 
emciency is somewhat lower than the mechanical efficiency of standard exhaust fans. 

5. Orifice Type, In this type the air flowing through the collector is brought in 
contact with a sheet of water in a restricted passage. Water flow may be induced by 
the velocity of the air stream, or maintained by pumps and weirs. Pressure losses 
vary from 1^ or less in water wall spray booth collector designs, to from to 6^ in 
most industrial collector arrangements. Pressure losses as high as 20'^ are used with 
some collectors designed to collect very small particles. 

6. Disintegrator. This type of unit generally consists of one or more stages and 
is largely used for cleaning producer, blast furnace, or other gases where the gas is to 
be used in engines and must be practically free of dirt. The spray is generally in the 
fan inlet and elimination is effected largely on the fan blades and also on the surfaces 
beyond. 

A special two element fan is used, the air with its dust content and water spray 
enters one side of the wheel and is discharged from the inlet of the other wheel. As 
the air passes through the cyclonic chamber a high degree of scrubbing action takes 
place. 

Relatively high pressure losses are encountered with resulting high horsepower 
requirements. 


CENTRIFUGAL DUST COLLECTORS 

Centrifugal collector design can be divided into four groups according 
to their effectiveness in removal of smaller dust particles. 

1. Cyclone Collector. This type is commonly applied for the removal of coarse 
dusts from an air stream, as a precleaner to more efficient dry or wet dust collectors, 
or as a separator in product conveying systems using an air stream to transport 
material; Principal advantages are low cost and low pressure drop (} to 1 i in. water) 
but this type cannot be used for high efficiency collection of fine particles. 

^ 2. High Efficiency Centrifugal Collectors. These have been developed to obtain 
higher centrifugal force action on dust particles in a gas stream. Centrifugal force 
is a function of peripheral velocities and angular acceleration, and improvement in 
dust separation efficiency has been obtained by (a) increasing velocities through a 
cyclone shaped collector; (b) ut ilizing a skimmer or other design feature; (c) by using 
a number of small diameter cyclones in parallel, and (d) in some unusual applications 
by placing units in series. 

While such collectors do not generally reach an efficiency on small ppticles equal 
to that of the electro-static, fabric or some wet type units, their effective collection 
range is extended appreciably beyond that of the conventional cyclone. Pressure 
losses of collectors in this group range from 3 to 8 in. water column. 

3. Dry Type Dynamic Precipitator. In this type dust is precipitated by centrifugal 
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force upon specially shaped blades of an exhauster wheel, and then conveyed through 
a dust circuit in the fan casing to the dust storage hopper. 

4. Cinder Catching Fan, This is a special type of collector in which removal of 
solids is effected by a slotted scroll. It is a fan unit which is often used for the dual 
purpose of dust removal and induced draft service. 

SETTLING CHAMBERS 

While it would be possible in theory to remove dust by settling in a large 
chamber when conveying velocities are reduced to the point where the 
particles would no longer be held in suspension, such devices have little 
practical application in dust collecting equipment. Extreme space require- 
ments and the presence of eddy currents which may nullify the effective 
velocity, means that settling chamber type of collectors can be used only 
for removal of extremely coarse particles. Pressure drop should be i to i 
in. water column plus that necessary to accelerate the air motion to the 
required conveying velocity at discharge of the settling chamber. 

TESTING METHODS 

Methods of determining the performance of industrial air cleaning de- 
vices will depend upon the nature of the air contaminant, its quantity, the 
required accuracy of the test, and the type of air cleaning device. The 
technics used in collecting the samples are the same as those utilized in the 
field of industrial hygiene. 

The tests may be facilitated by feeding uniformly a known amount of the 
material to be removed. The performance efficiency may be calculated 
from the amount of material introduced, the quantities of air involved, the 
amount of material intercepted and the quantity that escapes. When it is 
necessary to test the device under actual use, the material entering and 
leaving must be sampled simultaneously over a sufficiently long period of 
time to collect an adequate amount for analysis. If feasible, the quantity 
of material removed by the cleaning device during the test period should 
also be determined. 

Unusual care must be exercised in collecting the samples to insure that 
the sampling areas selected are actually representative of the material enter- 
ing and leaving the cleaning device. With gases, vapors and fresh fumes 
this problem is not great. On the other hand, mists, dusts and aged fumes 
may present considerable trouble. When the material is confined in a duct 
system, it is common practice to collect the sample along the center-line. 
The sampling tube is located parallel with and facing the flow. The 
sampling velocity should be approximately the same as the air velocity in 
the duct. With large ducts it may be desirable to make traverse tests to 
locate an optimum sampling position. 
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Control for Central Fan Systems, Panel Heating Control, Indicating 
and Recording Equipment 

T he function of automatic control, as applied to the heating, ventilat- 
ing and air conditioning industry, may be broadly subdivided into the 
maintenance of temperature, humidity, and pressure, within pre-determined 
ranges. It automatically coordinates the operation of the various con- 
trolled devices in proper sequence to produce the desired result. 

BASIC TYPES OF CONTROL 

Available automatic control equipment may be divided into four main 
groups depending on the primary source of power and can be classed as : 

1. A self -actuated regulator is one in which all the energy necessary to operate a 
valve or damper motor is supplied by the responsive element or bulb. Temperature 
changes at the bulb result in pressure changes of an enclosed fluid which are trans- 
mitted directly to the valve or damper motor. Instruments of this type are available 
either with a rigid bulb or with flexible tubing from the bulb to the operating motor. 
The flexible tubing may be furnished in varying lengths and is generally protected by 
a flexible metal armor. 

2. Electrically operated equipment utilizes electric current as a primary source of 
energy, its flow being regulated as required to operate motors, relays, or other con- 
trolled items. 

3. In pneumatically operated equipment the primary source of energy is compressed 
air usually at a pressure of 15 to 25 psig. The flow of this air is proportioned as re- 
quired to operate valves, dampers, relays, or other controlled devices. 

4. In hydraulically operated eejuipment the primary source of power is a suitable 
liquid at a pressure of 15 to 25 psig or higher which is handled in the same manner as 
(joinpressod air. 

TYPES OF CONTROLLERS 

The basic types of controllers which are available may be classed as: 

1 . Two position or on-off controllers are the simplest type and are clearly described 
by the name. With controllers of this type the valve or damper motor can assume 
only two positions, either open or shut. 

2. Proportional or gradual acting controllers function to re-position the controlled 
device by small increments of travel to regulate the flow as the controller senses a 
slight change in the controller condition. 

3. Floating controllers act to produce valve or damper movement whenever there is 
a deviation from the control point. Whenever the condition to be controlled is 
above the control point, the valve closes at a constant rate, and continues to close 
until the temperature returns to the control point. Below the control point the 
valve reverses its action and moves in the other direction until the control point is 
again reached. 

4. Automatic reset {or proportional plus reset) controllers function to reposition a 
valve or damper by small increments of travel as in a proportioning controller. In 
addition, a mechanical device in the controller automatically and constantly resets 
the instrument to offset the normal drift (inherent in a proportional controller) be- 
t.ween maximum and minimum load. The rate of reset is manually adjustable and 
must be set to meet the load requirements of the individual system. 

Controllers may also be designated by types as: (1) a non-indicafing 
controller, when it does not indicate the controlled condition and performs 
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the control function only; an indicating controller, when fitted with a 
pointer, thermometer, or gauge which indicates the controlled condition ; 
a recordir^ controller, when it is combined with a clock mechanism and 
chart which records the controlled condition. 

ACTUATING DEVICES 

The starting point of any control system is the thermostat, hygrostat, 
pressure regulator, or other mechanism which is sensitive to a change and 
responds in the desired manner. 

Thermostats are usually of the room, duct or immersion types. Various 
types of thermostats found in common use are defined in the following 
paragraphs. 

1. A thermostat is an instrument which is responsive to changes in temperature and 
initiates a force that repositions valves, dampers, etc. to maintain selected tempera- 
tures. 

2. A room thermostat is usually mounted on the wall of the space to be controlled, 
with the measuring element arranged so that it is affected by the room temperature. 

3. A diLct thermostat is provided with fittings suitable for installation in duct 
work. The insertion type is equipped with a rigid bulb and is arranged so that the 
temperature responsive element or bulb extends through the wall of the duct. The re- 
mote bulb type is arranged so that the bulb and instrument head are connected by 
means of a flexible tube of the desired length. The bulb is inserted in the duct, and 
the head is located where it is accessible for adjustment and inspection. 

4. An immersion thermostat is provided with fittings suitable for installation in a 
pipe line or tank where a fluid tight connection is required. Both insertion and re- 
mote bulb types are available. A union connection and separable socket when used 
permit removal of the bulb without draining the line or tank. The sockets may be of 
copper, stainless steel or other materials. 

6. A day-night or two-temnerature thermostat controls a heating or cooling source 
to maintain either of two selected temperatures. They may be indexed (set at de- 
sired control temperature) individually or in groups from a remote point by means of 
a manual or time switch. 

6. A summer-winter or heating-cooling thermostat is similar to the Day-Night type 
except that both the temperature setting and action are changed by the indexing 
means. Such a thermostat could open a volume damper on a rise in temperature in 
summer and close the same damper on a rise in temperature in winter. 

7. A submaster thermostat has its temperature setting raised or lowered a pre- 
determined amount for a given change in some other variable. For example, the 
water temperature on a heating system may be raised as the outdoor temperature 
drops. A master instrument is used to reset a subniastcr thermostat and may be a 
switch, pressure controller, thermostat, or similar device. In the foregoing example 
the master thermostat would be located where it would respond to outdoor tempera- 
ture and the submastcr thermostat would be located in the pipe line of the heating 
system. 

A hygrostat is a controller which is sensitive to changes in relative humid- 
ity, and is available in room and duct types. Where the controlled condi- 
tion is below 20 per cent or above 80 per cent, or the temperature is above 
100 F, selection of a suitable type and kind of hygroscopic element is 
essential. 

A pressure regulator is a device which is sensitive to changes in pressure. 
It is available in types which control a single pressure or the differential 
type which maintains a pre-determined difference between two pressures. 
For pressures in duct work, sUdic pressure regulaJtors are available in the 
differenJtial type. They are sensitive to changes of 1/100 in. of water. 

ACTUATED CONTROLS 

Thermostats, hygrostats, pressure regulators and other actuating devices 
obtain control of heating and cooling mediums, fuels, liquids, etc., by 
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actuating various control devices such as control valves, dampers, damper 
motors, relays, or controllers defined in the following paragraphs. 

A control valve is desired to control the flow of fluids, and may be con- 
sidered as a variable orifice which is repositioned by a motor operator as 
directed by a thermostat, or other controlling device. 

1. A normally open or direct acting valve will assume an open position when all ' 
operating power is removed. 

2. A normally closed or reverse acting valve will assume a closed position when all 
operating power is removed. 

3. Single sealed valves are designed for tight shut>off using appropriate disc mate- 
rials for various pressure ranges. 

4. Pilot piston valves serve a similar function on high pressure installations. 

5. Double seated or balanced valves are designed for applications where tight shut- 
off is not required. They are not affected by varying inlet pressures or pressure dif- 
ferentials, and thus are widely used where these conditions exist. 

6. A three-way mimng valve is fitted with a double faced disc, operating between 
two ports, and functioning to close one port as the other is opened. It is used to mix 
two fluids as required. 

7. A three-way diverting valve is fitted with two discs which act to close one outlet 
port as another outlet port opens, and thus diverts the flow from the inlet port to 
either of the outlet ports. 

Valve discs, poppets, and seats are available in various shapes to meet 
any desired flow characteristics with various materials as required by serv- 
ice conditions. 

A damper is designed to control the flow of air or gases and is similar to 
a valve in this respect. Single blade dampers are generally restricted in 
size because of the difficulty of securing proper operation with high velocity 
air. Multi-blade or louver dampers can be furnished so that adjacent 
blades move in the same direction or in opposite directions. The opposed 
blade type gives better directional and flow characteristics than the parallel 
blade type. 

For long life and trouble free operation, dampers should be constructed 
with heavy metal frames, blades of iron adequately braced, and ample 
bearing surfaces of non-corrosive materials. When fairly tight closing is 
desired felt may be glued and riveted on the edges and ends of the blades. 
Other materials for blades and frames are also used for special services. 

A damper motor is repositioned by a controlling instrument, and is 
connected to the damper blades as required to give the desired movement. 
It can be mounted on the damper frames or mounted outside the duct and 
connected to an extended shaft on one or more damper blades. Suitable 
brackets are available for floor, wall, or duct mounting of the motor. 

A relay is a device which uses an auxiliary source of energy to amplify 
or convert the force of a controller into available energy at a valve or 
damper motor. Various types of relays are designated as follows : 

1 . An electro-pneumatic relay when electrically energized starts or stops the flow 
of air as required. 

2. A pneumatic-electric relay when affected by different air pressures starts or stops 
the flow of electrical energy as required. 

3. A switching relay or pilot valve may be used to switch the operation of a con- 
trolled device from one controller to another; or to reverse the action of a controlled 
device in response to an impulse from a controller. 

4. An averaging relay is affected by the forces from two or more controllers, and the 
resulting flow of energy is in accordance with the average of these forces. 

5. A positioning relay has a direct connection to a valve or damper motor lever, 
and is affected by both valve or damper position and controller demand. It is re- 
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positioned by a thermostat or other controlling device, and is arranged to give a 
definite motor position for a given force from the thermostat without regard for motor 
hysteresis, friction, or pressure variations of the controlled fluid. 

A sequence controller is used to operate two or more devices in a pre- 
arranged sequence. It is generally used in connection with refrigeration 
compressors, and may be arranged to prevent simultaneous starting in 
the event of temporary electrical shutdown or control medium failure. 

Manual switches are available in the two-position or proportional types. 
Two-position switches change the flow of energy from one line to one or 
more other lines ; or from one pair of lines to another pair of lines. Pro- 
portioning switches vary the flow of energy as determined by the manual 
setting of the switch. 

RESIDENTIAL CONTROL SYSTEMS 

The control equipment function in a residence may vary from the regula- 
tion of a coal-fired heating plant to the completely automatic control of 
an all year air conditioning system. Regardless of the type of heating or 
air conditioning system used, the control system should be selected care- 
fully to insure safety and comfort of the occupants and also economy of 
operation. 

Heating Unit Controls 

Typical controls for the appliances used to supply heat in residences are 
as f ollow’s : 

1. Hand Fired Coal Burners, The control of a hand fired coal burner for a boiler 
or furnace normally consists of a room thermostat operating a two position electric 
control motor which in turn opens the draft damper and closes the check damper on 
a demand for heat. The motor then closes the draft damper and opens the check 
damper when the thermostat is satisfied. A limit control on the boiler or furnace 
should be connected to the motor so that it may check the fire whenever a predeter- 
mined temperature or pressure has been exceeded. A manually operated basement, 
switch is usually included on the motor so that the draft may be opened and the check 
closed when the boiler or furnace is being filled with coal. 

2. Coal Fired Stokers. Domestic stokers are usually controlled by a room thermo- 
stat, a limit control, and a stoker relay. When the thermostat calls for heat, the 
relay causes the stoker motor to increase the flow of fuel and air to the burner to its 
maximum rate. When the thermostat is satisfied, the relay provides for a minimum 
flow of fuel and air to the burner to maintain the fire at its minimum rate. The limit 
control prevents the continuance of the maximum fuel rate if the temperature or 
pressure in the boiler or furnace exceeds a predetermined value and also stops the 
feeding of fuel if the fire goes out. Automatic ignition usually is not available and 
the firing of a stoker is normally on or off. 

3. Automatic Oil Burners. Automatic oil burner controls normally consist of a 
room thermostat, a limit control, a combustion safety control, and a control relay. 
On a call for heat by the thermostat, the relay starts the oil burner motor which sup- 
plies oil and air to the burner. An ignition device consisting of an electric spark or a 
gas flame ignites the oil automatically. If for any reason the oil and gas mixture docs 
not ignite, a time delay mechanism in the relay is operated by the combustion safety 
control after a predetermined length of time to cause the oil and air supply to be shut 
off. If the oil and air mixture ignites properly the burner continues to run until the 
thermostat is satisfied or until the limit control affected by the temperature or pres- 
sure in the boiler or furnace, stops the burner. 

4. Automatic Gas Burners. The controls for an automatic gas burner usually in- 
clude a room thermostat, a limit control, a safety pilot, gas pressure regulator and a 
gas valve (solenoid, motorized or diaphragm type). Upon a demand for heat at the 
thermostat, the gas valve is opened, admitting gas to the burner. The safety pilot 
ignites the gas which continues to burn until the thermostat is satisfied or until the 
limit control shuts off the gas valve. The limit control may also reduce (throttle) 
the gas flame as required to maintain a desired temperature or pressure of the heating 
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medium. If the pilot flame is extinguished for any reason either before or after the 
main gas valve is turned on, the safety pilot closes the gas valve, thus eliminating the 
danger of delivering gas to the burner without ignition. 

5. Electric Healing. Electric heating has become popular in those areas where 
electric power is plentiful and inexpensive. The electric heating elements may be 
located in each individual room and turned on and off by thermostats in each room or 
the heat may be supplied by a central heating system. In the case of a central heat- 
ing system the control is usually of the proportioning type which energizes from five , 
to ten heating elements in sequence according to the demand for heat by means of a 
sequence controller consisting of a series of switches operated by a proportioning 
motor. A limit switch recycles the sequence controller if the furnace or boiler ex- 
ceeds a predetermined temperature. 

Limit Controls 

A high limit control for steam consists of a pressure control having bellows, 
responsive to the boiler pressure, which breaks an electric contact when the 
steam pressure exceeds a predetermined point, thereby preventing the 
burner from delivering additional heat to the boiler. A low water cut-off 
should also be used to stop the burner if the water in the boiler drops to a 
dangerous level. 

A high limit control for a hot water boiler consists of an immersion 
thermostat (usually equipped with a bi-metal helix) inserted in a well in 
the boiler. This control stops the burner when a predetermined water 
temperature has been reached in the boiler. 

In a warm air system the high limit control is a thermostat including 
a bi-metal helix inserted in the bonnet of the furnace. It will shut off 
the source of heat when a predetermined furnace temperature is exceeded. 

System Control 

There are several types of system control in common use for residential 
applications. They are usually of the two position (on-off) type or of the 
proportioning type. 

1 . Two Position (On-Off) Control. The most simple type of domestic control is the 
type in which the room thermostat starts the burner or other source of heat when the 
temperature of the air at the thermostat falls below the thermostat setting and stops 
the source of heat when the air temperature rises above the setting. If forced warm 
air or forced hot water is used, the fan or circulator may be turned on and off at ap- 
proximately the same time as the source of heat. 

2. Proportioning Control. When a proportioning type of control is used, the flame 
of the burner may be varied or the burner may be cycled (started and stopped) fre- 
quently to provide for time modulation so that the heat input to the home is propor- 
tioned continuously to the heat loss from the home. The fan of a forced warm air 
system or the circulator of a forced hot water system may be run almost continuously, 
thereby providing for the constant flow of heat into the home. Such operation elim- 
inates the cold drafts on the floor as caused by cold air dropping from cool walls and 
windows during the off period of an on-off system. 

Room Thermostats 

Room theimostats usually employ a bi-metal element or a vapor filled 
bellows as the temperature sensitive element. They may be of the plain 
or single temperature type, or of the day-night type providing for auto- 
matic night lowering and morning increase of the control point. The 
automatic setback type usually includes a clock mechanism which accom- 
plishes this result. Opinions vary regarding the amount of fuel that can 
be saved by automatic setback. Tests made both in the Warm-Air Heat- 
ing Research Residence and the I-B-R Research Home at the University 
of Illinois indicate that, on thermostatically controlled systems, a possible 



668 


CHAPTER 34 


1049 Guide 


fuel saving of from 7 to 10 per cent may be obtained by reducing the house 
temperature 6 to 10 degrees from about 10:00 p.m. to 5 :30 a.m.* 

In locating a room thermostat the following rules should be observed : 

1. It should always be located towards the center of a relatively open room on the 
coolest rather than the warmest side of the building. 

2. It should never be mounted on an outside wall or other cold surface, or where 
it is exposed to cold drafts from an outside door. 

3. It should never be mounted where it will be affected by heat from a nearby warm 
surface such as chimneys, pipes or ducts in a wall, radiators; or by direct currents 
from a warm air register. 

4. It should never be located where normal circulation of air is impeded by furni- 
ture or an opened door. 

5. It should be located where it is safe from mechanical injury. 

In a typical home, a satisfactory location for the thermostat can usually 
be found on an inside wall of the living room or dining room. 

Air-Conditioning Systems 

Year-round residential air-conditioning systems which provide for heat- 
ing in winter and cooling in summer should be given the same considera- 
tion in selecting the control system as required for commercial air-condition- 
ing systems described later in this chapter since the basic principles are the 
same and the final results must provide for the comfort of the occupants. 
Economy in first cost may result in both lack of economical operation and 
discomfort. 


ZONE CONTROL 

In residential heatingy it is often desirable to divide the house into two 
or more zones for greater accuracy of control and comfort. Each zone 
may then be maintained individually at the desired temperature level. 
The division by zones should be based upon exposure and occupancy and 
the most common division is usually found to be : 

1. Living section (Living room, dining room, den, etc.) 

2. Sleeping section 

3. Service section (Kitchen, pantry, servant’s quarters, etc.) 

Zone control for steam and hot water heating systems is employed where 
it is desired to control the heating effect of a multiplicity of radiators or 
convectors, located in various heated spaces, through the use of a single 
regulator. Under certain conditions, particularly in buildings of limited 
size, it is possible to consider the entire building as a single heating zone. 
In such cases, the zone regulator, or master controller y may operate directly 
the automatic firing equipment of the boiler or the reducing valve in the 
street steam main. In large buildings the demands of satisfactory tempera- 
ture control, however, will make it necessary to sub-divide the heating 
system into suitable zones. 

There are a number of factors to be considered in zoning, in order that 
heating requirements in a single zone will be approximately consistent 
throughout its extent. 

1. Exposure may be a factor to be considered, with particular reference to prevail- 
ing winds, sun effect, and the shelter afforded by surrounding structures and topo- 
graphical features. 

Fuel for Viotory, Univenity of lllinoie, Engineeriiig Experiment Station Ciroular Seriee No. 

47,p.81. 
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2. Occupancy may be a determining factor, in that the indoor temperature require- 
ments for the activities carried on in various portions of the building may vary and 
the hours of occupancy likewise may differ. 

3. The physical characteristics of the building will enter into the sub-dividing of 
the heating system into zones by reasop of the fact that satisfactory temperature 
conditions throughout a single zone of given extent may not be enjoyed equally in 
buildings of dissimilar types of construction. Also, the height of the building and 
its horizontal extent and form are considerations which must be borne in mind. 

4. The cost of the zone control equipment for such additional zones as might seem 
otherwise desirable often will influence the decision as to the final number of zones 
to be employed. In buildings of considerable size, accepted practice dictates that 
there shall be at least one zone for each exposure, although each exposure very 
possibly should be sub-divided vertically into two or more zones, for the higher 
structures. Also, the presence of two or more wings, having the same general ex- 
posure, may suggest the desirability of more restrictive zoning. In smaller build- 
ings, and in those of larger extent where cost and other conditions limit the number of 
zones, a common compromise is to combine the North and West exposures in one 
zone, and the East and South exposures in a second zone. Frequently, when the 
street floor level is given over to public spaces or to activities which are markedly 
different from those carried on in the remainder of the building, it is advisable to 
provide a separate steam main, with conventional room thermostats in each individ- 
ual area. 

For steam heating systems, the radiator output may be varied pro- 
portionately to the changes in outdoor temperature, by any of a number 
of general methods. Those in most common use are : 

1. Turning the steam on and off at appropriate intervals as dictated by tempera- 
ture or time considerations, proportioned to the need for heating. 

2. Varying the pressure of steam in the system in accordance with the demand for 
heat. 

3. Throttling the steam pressure, at the demand of the controller, to allow flow^ 
through orifices in proportion to the heating requirements. 

In hot water heating, the accepted practices are (1) to vary the tempera- 
ture of the hot water supplied to the system or, (2) to vary the flow of hot 
water, both proportionately to the heating requirements. 

The regulator for each zone usually is of a type which in some manner 
responds to the outdoor temperature and effect of sun and wind for the 
zone. Many of the available zone controllers are arranged in such a way 
as to be affected also by the temperature of the heating system and the in- 
door temperature in the zone. Whatever the mechanical features of the 
regulator, its function is to dictate the flow impulse, or rate of flow, in such 
a way as to maintain the desired indoor temperature in the zone, regardless 
of the fluctuations in the outdoor temperature. Provisions also may be 
made to maintain a predetermined low economy temperature in each zone 
during periods of non-occupancy; to facilitate quick warming-up following 
such periods ; and to follow those portions of the daily cycle of control with 
normal heating effect during the occupancy period. 

A control panel, at a central location, may be arranged so that manual 
switches for each zone may raise or lower the operating temperature, and 
time switches, if desired, may be provided for obtaining, automatically, 
any day-night or other predetermined control program which the operators of 
the building may desire. The characteristics of the regulators which are 
operated by the zone controllers depend upon which of the basic systems 
of zone control is employed in a given installation. Shut-off, mixing or 
throttling valves and various forms of devices to reset or pilot the action 
of reducing valves and to control firing means, are some of the more com- 
mon regulators which are used to control the flow of steam or hot water, 
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under the command of zone controllers. The characteristics of these 
regulators usually are determined by the manufacturer of the type of con- 
troller which is selected. 

AUTOMATIC CONTROL APPLICATION 

Some of the considerations affecting the selection of automatic controls 
for applications are given in the following paragraphs which describe con- 
trols and operation for various types of units. 

Unit Heater Control 

Two-position (on-off) control by means of a room thermostat is the 
standard method of control for unit heaters. A limit control should be 
incorporated to prevent operation of the unit heater fan motor when 
steam or hot water is not available. The limit control can be a surface 
thermostat or pressure control. Where there is no possibility of drafts 
and continuous air circulation is required, the unit heater fan motor may 
operate continuously. In this case, a room thermostat controls a valve 
(two-position or proportioning) in the steam or in the hot water supply 
line. 

Unit Ventilator Control 

Various makes of unit ventilators are designed for different control cycles. 
Selection of automatic temperature control for unit ventilators is largely 
determined by the design of the particular unit. The choice of control 
cycle may also be determined by local and state ventilating codes, par- 
ticularly where units are installed in school rooms. It is desirable to co- 
ordinate the selection of control cycle with the unit ventilator manufacturer 
since, in many cases, modifications of the unit are required for the in- 
stallation of the control equipment; and, in some cases, it is desirable to 
have the equipment factory-mounted. Two typical control cycles are: 
(1) Variable Outdoor Air with Fixed Minimum; and (2) Variable Outdoor 
Air without Fixed Minimum, 

Control Cycle No. 1. In full heating position, the outdoor air damper is closed, 
the recirculating air damper is open, and the supply valve is open. 

In full cooling position the outdoor air damper is open, the recirculating air damper 
is closed and the supply valve is closed or at a minimum position to maintain a mini- 
mum discharge air temperature. The sequence of control operations is : On call for 
cooling, under control of a room thermostat, outdoor air damper opens to minimum 
setting. The supply valve then closes gradually, after which the outdoor air damper 
gradually opens to the maximum position and, simultaneously, the recirculating air 
damper closes. A low limit thermostat mounted above the coil prevents the dis- 
charge temperature from dropping below a predetermined minimum. 

Control Cycle No. 2. In full heating position the outdoor air damper is closed, 
the recirculating air damper is open and the supply valve is open. 

In full cooling position the supply valve is closed, the outdoor air damper is open 
and recirculating air damper is closed or at any position required to maintain a mini- 
mum discharge air temperature. The sequence of control operations is: On call for 
cooling, under control of a room thermostat, the valve gradually closes. As the valve 
leaves full-open position, control of the recirculated air and outdoor air dampers is 
transferred to a thermostat installed ahead of the heating coil to maintain a minimum 
air temperature. On continued call for cooling, the valve gradually closes. 

If direct radiation is used, it is desirable that it be controlled in sequence with 
whatever control cycle is adapted for the unit ventilators. 

Unit Coolers 

Although most unit coolers can be adapted to any control cycle, con- 
tinuous fan operation is recommended to avoid stratification and wide 
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fluctuations in space temperature. Should the unit be completely self- 
contained, control of the direct expansion refrigeration unit may be ob- 
tained from the temperature of the recirculated air and from suction pres- 
sure. In the case of multiple unit systems supplied with refrigerant or 
chilled water from a central source, ^ valve in the-supply to each cooling 
coil may be controlled thermostatically from space temperature. 

Refrigeration and Dehumidification Equipment 

Typical control equipment and its functions are described in the follow- 
ing paragraphs. 

Well Water, Where well water is used directly in air washers or cooling coils, 
control of temperature or humidity is usually obtained by thermostats or humidistats 
operating valves (two-position or proportioning). The two-position valve will pro- 
vide better dehumidification since a lower coil temperature will be maintained but 
the temperature of the discharge air will fluctuate. With proportioning control, 
better control of discharge air temperatures will be maintained. In both cases the 
sensible -latent heat ratio is basically a matter of coil design rather than automatic 
control. Proportioning three-way valves may be used as mixing or diverting valves 
for better pump performance and may also be applied to an air washer used with a 
recirculating pump to control water temperature rather than volume. 

Ice Bunkers, Where water is sprayed over the ice in bunkers and circulated to air 
washers or cooling coils control is obtained by a thermostat in the water line from 
the bunker. The thermostat proportions a three-way valve to by-pass enough return 
water around the ice bunker to maintain a constant discharge temperature. 

Compressors. Compressors may supply refrigerant to direct expansion cooling 
coils in air conditioning units or to direct expansion coils in water-chilling units. In 
either case, the compressor motor may be started and stoi)ped directly by a room or 
duct thermostat or a pressure controller may be used to regulate the suction pressure 
of the compressor. In the latter case, a room or duct thermostat may be used to 
control a solenoid valve in the refrigerant supply line to the cooling coil. A high and 
low pressure cut-out is standard safety equipment on inost compressor installations, 
lleduced capacity of the refrigerating unit may be obtained by means of temperature 
or pressure controlled unloading devices which vary the capacity of the compressor 
in some proportion to variations of cooling load. Program or step controllers, ac- 
tuated by temperature or pressure, are commonly used in multiple compressor in- 
stallations. It is desirable in such installations to return the program or step con- 
troller to the off position when the system is shut down to prevent the full electrical 
load of multiple compressors from being thrown across the line at the same time. 
Thermostatic control of water supply to water-cooled condensers may be achieved by 
means of self-contained controllers or valve and thermostat application. 

Steam Jet. A steam jet refrigeration system is commonly controlled by means 
of a thermostat in the chilled (secondary) water. The thermostat operates a two- 
position valve in the steam line to the jet . In the case of multiple jet units, program 
or step control can be achieved by controlling the jets in sequence. As in the case of 
direct expansion refrigeration units, a system of control is advisable for the water- 
cooled-condensing unit. 

Centrifugal Units. The control of centrifugal refrigeration units or other types 
of vacuum systems is customarily achieved by means of a thermostat in the chilled 
water to control the operating cycle of the equipment at full or reduced capacity. 

Adsorption Units. Control of adsorption units consists of a damper control which, 
in response to humidity, controls the air flow through or around the activated bed of 
adsorption material. Standard controls for cooling are used to reduce the dehumidi- 
fied air to a desired drybulb. 

Absorption Units. Since at constant density, the absorption solution will extract 
water from the treated air in an amount proportional to the solution temperature, the 
moisture content of the air leaving an absorption unit is regulated by solution tem- 
perature. Solution density is held constant by a combination of float control and 
steam valve controlling the solution regenerator. Two basic methods of control are 
standard : 

1. Constant solution temperature where the solution temperature is set so that, 
at the full load for which the unit is designed, the discharge air will have the 
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desired moisture content. Proportioning control of the water and two-position 
control of the steam is recommended to maintain constant temperature. 

2. Control by varying the solution temperature so that the moisture content of 
the discharge air remains constant regardless of load variation. Basically, this 
control is similar to the constant solution temperature control with the addition 
of a hygrostat or wetbulb controller controlling the water valve from space 
conditions. In order to secure a constant discharge dry bulb temperature, a 
coil is provided with proportioning valve controlled by a proportioning thermo- 
stat in the unit discharge. 

CONTROL FOR CENTRAL FAN SYSTEMS 

Automatic temperature control for central fan heating, cooling, ventilat- 
ing and air conditioning systems involves the proper application of various 
t3rpes of controlling instruments and associated regulators such as valves, 
dampers and damper operators, relays and other auxiliary equipment 

TO 



Fig. 1. Control Diagram for Year ’Round Air Conditioning System 


which are described in earlier sections of this chapter. In central fan 
systems the conditions required dictate the type of built-up control system 
to be used. Otherwise, some arrangement of available package equipment 
probably would be used. For that reason, it is impossible to state in detail 
the control apparatus which will be required in even the most representative 
applications. 

In general, in so far as automatic temperature and humidity control 
equipment is concerned, central fan systems may be divided into certain 
broad classifications, as follows: 

1. Heating 

2. Humidifying 

3. Ventilating and Atmospheric Cooling 

4. Cooling and dehumidifying 

5. Control of Zone Temperatures 

6. Year-round air conditioning with automatic change-over 

7. Constant temperature and humidity 
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The apparatus which enters into the automatic maintenance of tempera- 
tiu^ and humidities for central fan systems which are designed to produce 
each of the effects listed in items 1 to 7, is indicated in the following para- 
graphs: 

* 

1. In heating control ^ there are three considerations to be borne in mind: (1) to 
control space temperature, (2) to prevent drafts, (3) to guard a^jainst freezing. 
Usually in central fan systems, suitable thermostats operate valves in the steam or 
hot water supply to heating coils or face dampers across such coils and bypass damp- 
ers around them. If the heating coils are sub-divided into two or more groups, such 
as preheaters and reheatcrs, a duct thermostat following the preheaters, and located 
in the entrance to the chamber between the groups of coils, controls the preheaters, 
but it is essential that the preheater coils be of the steam distributing type. Simi- 
ilarly, a duct thermostat in the fan discharge, where any effect of stratification has 
been dissipated, operates the valves and dampers associated with the reheaters. In 
some cases, where there is more than one bank of preheaters, the practice is to place 


THERMOSTAT HYGROSTAT DISTRIBUTION 



Fig. 2. Constant Temperature and Humidity Control for Year 'Round 
System Using 100 Per Cent Outdoor Air 


a freeze protection thermostat in the outdoor air intake to control the valve on the 
first bank of heaters, which is designed so that the heat-rise through it will not cause 
overheating. A room thermostat in the heated space may serve as the controlling 
instrument, with a thermostat in the fan discharge serving to prevent the delivery 
of air at a temperature which might cause drafts. If desired, similar action may be 
obtained from a thermostat in the return air connection. When there is only one 
heating coil, a limit thermostat in the fan discharge accomplishes the control, in 
conjunction with a thermostat in the heated space or in the return air. 

2. Humidity control may be obtained by means of a hygrostat, usually located in 
the conditioned space or in the return air. Such controlling instruments may operate 
steam supply valves to humidifiers, mixing valves to control the temperature of the 
water to sprats, or a system of dampers to regulate the quantity of air passed through 
the humidifying chamber or bypassed around it. The control of humidity according 
to dew-point temperature is sometimes accomplished by means of a thermostat in the 
outlet of the humidifying chamber. However^ the setting of the dew-point thermo- 
stat may have to be changed as the humidity in the conditioned space varies. 

3. The control of ventilating and cooling by the use of outdoor air consists of an 
arrangement of dampers, usually determining the relative quantities of outdoor air 
and return air which are to be delivered to the conditioned space. The damper posi- 
tions are regulated by proper types of thermostats, located in the minimum outdoor 
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air intake, the fan discharge, the conditioned space or the return air. Instruments 
are available which, with an adequate arrangement of dampers, will cause a maximum 
quantity of outdoor air to be handled until it becomes more economical to utilize 
return air. 

4. Cooling and dehumidifying may be controlled by means of thermostats, and 
hypostats or dew-point thermostats, which regulate dampers and mixing valves to 
maintain air of the proper temperature and humidity in the discharge from the central 
fan plant. Such controlling instruments normally are located in the fan discharge 
or in the return air, or both, and they may be associated with thermostats or hygro- 
stats in the conditioned spaces. 

5. Where a separate duct serves each zone of an area with which a central fan system 
is associated, a room thermostat in each zone may operate mixing dampers in the inlet 
to each zone duct, determining the quantity of warm air which is required froni that 
portion of a plenum chamber into wnich heated air is delivered and the quantity of 
cool air which should be taken from the other portion of the double plenum chamber. 
In many instances, separate zone heating and zone cooling coils are employed, instead 
of mixing dampers. 

6. The control hook-up for a typical year Wound air conditioning system, including 
automatic change-over from heating to cooling, is indicated in Fig. 1 and described 
as follows: 

Whenever the fan is started, solenoid air valve or relay E-1, actuated by the fan 
motor starter, opens minimum outdoor air damper D-1, places hygrostat H, in serv- 
ice, and allows duct thermostats T-3 and T-4 to control the maximum outdoor air 
damper D-2 and the return air damper D-3. 

When the fans stop, E-1 is de-energized, to close the outdoor air dampers and also 
to close humidifier valve V-4. 

Thermostat T-1 positions steam valve V-3 on the reheater coil, to maintain a 
constant space temperature. As the space temperature rises, T-1 positions reheater 
valve V-3 to a closed or to a minimum open position, as determined by low limit 
discharge thermostat T-5. Duct thermostat T-6, in the preheater discharge, posi- 
tions preheater coil valve V-1, to maintain a constant preheater discharge tempera- 
ture. 

On rising outdoor temperature, between 30 F and 65 F, duct thermostat T-3, 
located in the outdoor air intake, moves maximum outdoor air damper D-2 toward 
the open position. At 65 F, outdoor, D-2 will be fully open and return air damper D-3 
will be fully closed. 

As the outdoor air temperature rises above 65 F, duct thermostat T-3 positions V-5 
in such a way as to by-pass low limit thermostat T-5, so that reheater coil valve V-3 
is operated directly from thermostat T-1. As outdoor air temperature rises from 
65 F to 75 F, duct thermostat T-4 gradually closes maximum outdoor air damper D-2 
and opens return air damper D-3. 

Cooling thermostat T-2 positions cooling coil valve V-2, to admit more chilled 
water, as the space temperature rises. 

Hygrostat H positions humidifier valve V-4 to maintain the desired humidity in 
the conditioned space. 

7. The arrangement of automatic control for a constant temperature and constant 
humidity air conditioning system, using 100 per cent outdoor air, is shown in Fig. 2, and 
the control description follows: 

Whenever the fan is running, relay or solenoid air valve E-1, actuated by the fan 
motor circuit, is energized, opens outdoor air damper D-1, and also permits hygro- 
stat H, in the conditioned space, to control humidifier valve V-2. 

When the fan stops, E-1 closes outdoor air damper D-1 and humidifier valve V-2. 

Remote bulb thermostat T-2, with bulb located in preheater discharge, operates 
valve V-3 on the preheater coil, to maintain a constant preheater discharge tempera- 
ture. 

On rising temperature, thermostat T-1, in the conditioned space, closes reheater 
valve V-1 and, through n4ay C-1, o])en8 face damper D-2, for cooling. On rising 
humidity in the conditioned space, hygrostat H closes humidifier valve V-2, and 
likewise, through 0-1 may open face damper D-2 for dchumidification. 

For closer control, the face and bypass dampers should be eliminated and cooling 
means continuously provided whenever the outdoor dew-point rises above a predeter- 
mined maximum. Reheating and humidifying may be required to provide the desired 
conditions. However, such a system will be less economical in operation. 



Automatic Control 


675 


PANEL HEATING CONTROL 

Automatic controls for radiant and convective heating differ somewhat 
due to the thermal inertia characteristics of the panel heating surface, and 
the increase in the mean radiant teitiperature within the space under in- 
creasing loads for panel heating. 

Effect of Inertia of Panel 

If a panel has considerable heat storage capacity (as compared with a 
convector or conventional radiator) it will continue to emit heat for some 
time after the room thermostat has become satisfied and shut off the supply 
of heating medium. This will cause uncomfortably warm conditions to 
exist in a space. Also, there will be a considerable delay between the time 
the thermostat calls for heat and the time heat is actually delivered to the 
space (because of the large part of the heat that must first be stored in the 
thermally ‘‘heavy” radiant surface). Whenever inertia exists in the source 
of heat supply, uncomfortable cycling of space conditions will result unless 
means of anticipating load changes before they occur in the space, or means 
of setting the basic energy supply rate from load conditions, is provided. 

If a thermally heavy radiant surface is used the primarj^ control should 
be actuated by outdoor temperature (load) to determine the basic tem- 
perature of the heating medium supplied to the radiant surface. To allow 
for variations in internal load, an inside thermostat should be used as a 
high limit to reduce further the heat input if necessary. If a thermally 
light radiant surface is used, controls may be applied in the same manner 
as for typical convection heating. 

The terms thermally heavy and thermally light, referring to capacity for 
heat storage, are comparative and descriptive rather than exact. For 
example, a concrete floor panel in a frame structure without insulation 
would represent a hea;oy panel in a light structure. A frame type (metal 
lath and plaster) panel in a concrete structure would represent a light 
panel in a heavy structure. As indicated previously a heavy panel in a 
heewy structure provides comfortable conditions if outside controls are 
used in addition to the inside thermostat. But if a heavy panel is used in 
a light structure, rapid changes in outdoor conditions may cause discomfort 
in spite of outdoor controls, because the striu^ture reacts so much more 
rapidly than the radiant heating surface. 

Compensation for Increase of MRT 

In order to maintain comfort, the air temperature in a panel heated 
space should be lowered as the heating load increases. Usually the re- 
quired reduction in air temperature is not great and a conventional fixed 
control point room thermostat may be used unless a rather large infiltration 
load exists, or if untempered mechanical ventilation is used. Because of the 
relationships existing between MRT (mean radiant temperature) and air 
temperature in the space (and the variable MRT from point to point in 
the space), a conventional type of room thermostat (either fixed or variable 
control point as previously determined) may provide simple and satis- 
factory control. 

Lowered Night Temperature 

In general, lowered night temperature control is not recommended with 
he<wy panels though it may be satisfactory with light panels. Best practice 
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indicates continuous circulation of the heat in a medium with control pro- 
vided to vary the temperature of the medium. 

INDICATING AND RECORDING EQUIPMENT 

In addition to the automatic control of temperature and humidity con- 
ditions, visual indication and permanent chart records of the variables in- 
volved are desirable. They provide an accurate check on the performance 
of the system both from the standpoint of conditions maintained and cost 
of operation. Instruments are available to provide accurate records of 
these variables, such as pressure, temperature, humidity, flow and CO 2 , 
which go to m^e up a complete heating or air conditioning system. In 
some cases the control equipment is provided with indicating or recording 
mechanisms by means of which the performance of the controls may be 
observed or recorded and in other cases separate instruments are used for 
the purpose. 



CHAPTER 35 

MOTORS AND MOTOR CONTROLS 


Motor Rating; Functions of Motor Control Equipment; Direct Current Motors, 
Types, Control Equipment and Specifications; Alternating Current 
Motors, Types, Control Equipment and Specifications; Gear 
Motors; Glossary of Motor Terms, Enclosures, Speed 
Classification and Mounting 


T he electric motor, available in many different types suitable for vari- 
ous services, is now the most widely used form of prime mover. The 
equipment for starting, controlling and protecting these motors varies 
with the type and with the functions it is desired to attain. Motors are 
divided into two general classifications, alternaiing-current or direct-current, 
depending on the power source to be used. 

In selecting a motor for a particular application consideration must 
first be given to the type of power supply available. All machinery has 
certain load characteristics which may vary with speed. Some types 
may have a constant torque over wide ranges of speed, while others may 
have changing torques with changing speed. Consideration should be 
given to selecting the motor and the motor control which best suit the re- 
quirements of the drive. 


MOTOR RATING 

The rating of an electric motor depends upon the total temperature 
which the motor attains under operating conditions. This total tempera- 
ture depends on both the ambient temperature and the temperature rise 
of the motor. As motor temperature rise is in turn determined by the 
ability of the motor to dissipate heat, circulation to the motor should not 
be restricted. Improper selection of motors with regard to temperature 
ratings may result in high motor operating temperatures with accompany- 
ing reduction in motor life. 

In general, the electrical insulation is the portion of the motor most 
susceptible to injury from high operating temperatures. Of the several 
tj'pes of insulation which are available, the most common type, specified 
as Class A by the National Electrical M anufacturers Association, consists 
of cotton, felt, paper or similar organic materials and permits a 55 C rise 
in temperature over a 40 C ambient temperature for totally enclosed 
motors. Class 13 insulation consists of mica, asbestos, fiber glass, or simi- 
lar inorganic materials and permits a 75 C rise in temperature over the 40 C 
ambient for totally enclosed motors. Other types of insulation such as 
silicone resin are available and permit much higher operating temperatures. 

The mechanical construction of the different types of motor enclosures 
and the rise in temperature with Class A insulation for ^ch type are enu- 
merated in the glossary at the end of this chapter. Since the difference 
between the hottest spot and the maximum observable temperature, as 
measured by a thermometer, is greater for an open machine than for an en- 
closed machine, the permissible temperature rise is 50 C for an open motor. 
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Table 1. Classification .of Motors 


Power 

Supply 


Type 


Speed 

Character- 

istics 


Full Voltage I 

Hp Range 

Startinff Starting 

Torque Current 


Type of 
Application 
See FooTNOTEt 


Constant Speed Drives 


d-c 

1. Shunt 

2. Compound 

3. Series 

Constant 

Variable 

Variable 

1 Normal | 

1 (with CO 

High 

(with co: 

High 

(with CO 

1 Normal 
ntroller) 

Normal 

ntroller) 

Normal 

ntroller) 

All 

All 

Small 

(а) Fans and 

(c) centrifugal 

pumps and 
centrifugal 
compressors 

(б) (c) (c) Recipro- 

cating pumps 
and frequent 
or hard start- 
ing 

(d) Fans direct con- 

nected 


4. Squirrel-cage 
general pur- 
pose Design 

Constant 

Normal 1- I 
2.5 times ! 

i 

High 6-8 
times 

i 

All 

(a) Fans and 
(c) centrifugal 
pumps and 
centrifugal 
compressors 


6. Squirrel-cage 
Design B 

Constant 

Normal 1- j 
2.5 tim^ 

i 

I Normal 5-6 
times 

Medium 

Small 

(a) Fans and 
centrifugal 
pumps and 
centrifugal 
compressors 


G. Squirrel-cage 
Design C 

Constant 

High 2-2.5 
times 

Normal 5-6 
times 

Medium 

Small 

(5) Reciprocating 
pumps 

(e) and compres- 
sors started 
loaded 

Poly- 







phase 

a-c 

7. Wound rotor 

Constant or 
variable 

High 1-2.5 
times 

(with socondt 

j 

Ia>w 1-3 

times 

iry control) 

1 

All 

(a) Hoists 
(5) reciprocating 
pumps and 
compressors 
(c) and frequent 
(e) or hard start 


8. Synchronous 

Exactly con- 

Normal 

I Normal 5-7 

Medium 

(a) Fans and 


high speed 

stant 

0.75-1.75 

times 

times 

1 

Large 

centrifugal 
pumps and 
centrifugal 
compressors 


9. Synchronous 

Exactly con- 

Low 0.3-0.4 

Low 3-4 

Medium 

(a) Reciprocating 


low speed 

stant 

times 

times 

Large 

compressors 
starting un- 
loaded 


10. Two value ca- 
pacitor 

Constant 

High 

Normal 

Small 

(b) Pumps and 
compressors 


11. Permanent 
split capaci- 
tor. 

Constant 

Low 

Normal 

Fractional 

(a) Fans, Blowers 

Single 

12. Capacitor start 

1 

Constant 

Moderate 

Normal 

Small Frac- 
tional 

(a) Fans and 
pumps 

phase 







a-c 

13. Repulsion In- 
duction 

Constant 

High 

Normal 

Medium 

Small 

(a) Fans 

(b) pumps and 

compressors 


14. Split phase 

Constant 
and ad- 
justable 

Normal 

Normal 

Fractional 

(o)Fanfl 

(b) pumps and 
compressors 
id) fans—direct 


t Applications: 

а. Drives having medium or low starting torque and inertia {WR*) such as fans and centrifugal pumps 
or reciprocating pumps and compressors started unloaded . 

б. Drives having high starting torques, such as reciprocating pumps and compressors started loaded, 
c. Similar to (a) except where frequent or hard starting (large WR^) requires a higher starting and accelerat- 
ing torque. 

i. Fans direct connected, 
s. Stoker drives. 
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Table 1. Classification op Motors — (Concluded) 



Speed 

Full Voltage 


Type of 

rpB 

Chabacteb- 



Hp Range 

Application 


Z8TICS 

Starting 

Starting 


See FooTNOTEt 



Toitiue 

Current 




AdjuLStahle Speed Drives 



15. Shunt field 
adjustment 

d-c 

16. Armature re- 
sistance ad- 
justment 


17. Variable vol- 
tage control 


18. Squirrd-cage 
high slip. 
Transformer 
adjustment 

Poly- 
phase 
a c 

1 

19. Squirrel-cage 
sejiarate 
winding or 
regrouped 
poles 


20. Wound rotor 


I 


21. Repulsion 


22. Capacitor low 
torque 
tapped 
winding 


23. Capacitor low 

torque 

transformer 

adjustment 

24. Split phase 

regrouped 

polos 


Single 

Phase 

a-o 


Constant 

Normal 

Normal 

All 

(a) Fans and 


(with controller) 


(e) centrifugal 





pumps 

Variable 

Normal 

Normal 

All 

(a) Fans and 


(with controller) 


(e) centrifugal 





pumps 

Constant 

Normal 

Normal 

All 

(d) Fans and 


(with controller) 


centrifugal 





pumps 

Variable 

Normal 

Normal 

Medium 

(a) Fans 




small 

Constant 

Normal or 

Normal or 

All 

(a) Fans 

multi- 

high 

low 


(5) pumps and 

speed 




(c) compressors 

Variable 

High 

Ix>w 

All 

(a) Fans 


(with secondary control) 


(b) centrifugal 

1 

! 




pumps and 
compressors 

' Variable 

High 

Normal 

Low and 

(o) Fans, centrif- 
ugal pumps 



Fractional 





(5)oompre8Bor8 

Variable 

IjOW 

Normal 

Fractional 

id) Fans, direct 

1 two speed 

1 




1 Variable 

1 

! 

Low' 

I>ow 

Fractional 

id) Fans 

1 

' Constant 

Normal 

Normal 

Fractional 

1 id) Fans 







FUNCTIONS OF CONTROL EQUIPMENT FOR MOTORS 

In genenil, control equipment for all types of motors should provide: 
(1) means of disconnecting the motor from the power supply; (2) means 
for starting the motor; (3) overload protection for the motor; (4) protec- 
tion against low voltage; and (5) means for varying the motor speed. 

Full voltage starting for motors is preferable because of its lower first 
cost and simplicity of control. Except for d-c machines, most motors are 
mechanically and electrically designed for full voltage starting. The 
starting inrush current, however, is limited in many cases by regulations 
of power companies because of the voltage fluctuations which may be 
caused by heavy current surges. It is therefore often necessary to reduce 
the starting current below that obtained by across-the-line starting. The 
power supplier should be consulted to determine the allowable inrush cur- 
rent for any given location. 

The choice between full voltage and reduced voltage starting is governed 
almost entirely by inrush current limitations. The starting torque of all 
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motors varies with the starting current and it is therefore necessary to 
insure that the motor is supplied with sufficient current to develop enough 
torque to accelerate the load. 

In present practice overload protection of motors is obtained by use of 
thermal overload inverse time limit type protection. The usual setting 
of such protection devices is not to exceed 125 per cent of rated full load 
current for open 40 C rise motors and not to exceed 115 per cent of rated 
full load current for all other motors, the element tripping after a definite 
interval of time. The National Electrical Code requires the addition of 
fuses or circuit breakers to protect the overload elements from severe 
short circuit currents. 

Two types of protection are available against low voltage at the motor 
terminals. One type, called low voltage release, permits the motor line 
contactor to drop out on low voltage and to close again when the voltage 
returns to normal, thereby restarting the motor when the abnormal condi- 
tion is ended. The second type, called low voltage protection, causes the 
motor line contactor to drop out on low voltage but prevents restarting 
when the voltage returns to normal except by the action of an operator. 
This latter type of protection is desirable where it is necessary for the 
operator to make initial starting adjustments on the machine. 

Manual control for an alternating or a direct current motor is usually 
located near the motor. When so located an operator must be present 
to start and stop or change the speed of the motor by operating the control 
mechanism. Manual control is sometimes employed only as a device to 
give overload protection and another device is employed to start and stop 
the motor. Manual control is used particularly on small motors which 
operate unit heaters, small blowers, and room coolers in an air conditioning 
system. In other cases manual control in the form of drums, when used 
with multi-speed motors, is only used as a speed setting device while the 
starting and stopping functions operate automatically through thermostats 
and pressure switches. 

Because of the increasing complexity of air conditioning systems, the 
equipment is operated preferably by automatic control and less dependence 
is placed on manual operation and regulation. 

Automatic control of motor starters may be accomplished by the use 
of remote push button stations, by a thermostat, float switch, pressure 
regulator, or other similar pilot devices. An added advantage of auto- 
matic control is that the main wiring for the starter may be installed near 
the motor, while the starter may be operated by a control device located 
elsewhere. 


DIRECT CURRENT MOTORS 

Direct current motors are classified (see Table 1) according to type of 
winding as : shunt wound, compound wound, and series wound. 

Shunt Wound motors, being suitable for application to fans, centrifugal 
pumps, or similar equipment where the amount of starting torque required 
is relatively small, are used for the majority of direct current applications 
in the field of heating, ventilating, and air conditioning. They may be 
used on reciprocating pumps and compressors if started under unloaded 
conditions. 

Without auxiliary control the shunt wound motor is designated as 
constant speed* Fig. 1 illustrates the characteristics of direct current 


* Ipjfttv to Glowary ot ond of ohoptvr* 
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motors, showing speed, horsepower, and torque as a function of current. 
The speed regulation* of small size shimt wound motors from J hp to 6 hp 
is 12 per cent as specified by the NEMA while on larger motors it is 10 
per cent. 

Compound Wound motors are reqtiired for application to reciprocating 
compressors, stokers, reciprocating pumps when started under loaded 
conditions, and other similar equipment requiring high starting torque. 
The characteristics of this type of motor are such that for starting torques 
above full-load torque the starting current required is somewhat less than 
for the ^unt wound motor. Compound wound direct current motors 
are normally used whenever frequent starting makes high starting and 



SHUNT SERIES COM POUND - 

Fig. 1. Characteristics op Direct Current Motors 

accelerating torque desirable. Without auxiliary control, compoimd 
wound motors are designated as varying speed, ^ and have a speed regula- 
tion of 25 per cent. 

Series Wound motors find only limited application in a few special cases 
and are available in a limited range of sizes. The motors are used where 
extremely high starting torques are required and must be applied only to 
direct coupled continuous loads due to the fact that the speed of the motor 
becomes dangerously high when the motor is operated at a light load. 

Typical d-c motor specifications are shown in Table 2. 

DIRECT CURRENT MOTOR CONTROL 

Direct current motors are usually started through starting controllers 
employing a resistance in series with the motor armature which is gradu^y 
cut out as the motor comes up to speed. Motors up to 2 hp may be line- 
started providing the inrush current causes no serious voltage fiuctuations 
in the power supply line. 

Constant Speed and Varying Speed Motors. As shown in Fig. 2, the 
recommended practice for manual starting of motors over i hp requires 


* Refer to Gloaeary at end of chapter. 
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Table 2. Typical Specifications for d-c Motors 

[Constant ] [Shunt [1151 

Hp, RPM, ■ Adjustable > Speed, -^Compound ■ Wound, -{230 - Volts 

Varying j [Series [600, 

d-c Motors For Driving Motor Shall Be Arranged For 

(Application) 

Mounting And Shall Be Provided With A 

^ ' (Open, Splashproof, etc.) 

Type Of Enclosure, NEMA Insulation, And jgjeeyg} Bearings. 


Table 3. Typical Specifications for d-c Motor Control 

Control For iAdiustrble 1 Speed d-c Motors Shall Be And Shall 

lAdjustable Varying} IMagnetic/ 

Consist of a breaker} *** Enclosed Controller Providing Overload 

Protection ^ And Low Voltage {j^ielse ' 


Table 4. Typical Specifications for Squirrel-Cage Motors 


•Hp RPM. Cycles, Volts, Phase, 


Squirrel -Cage Induction Motors of the NEMA 

Design A— Normal Starting Torque, Starting Current above NEMA value] 

Design B — Normal Starting Torque, NEMA Starting Current ( rr. 

' Design C — High Starting Torque, NEMA Starting Current [ 

Design D — High Slip High Starting Torque j 

Driving Motor Shall Be Arranged For Mounting 

(Application) \Vertical / 

And Shall Be Provided With A Type of Enclosure, NEMA 

(Open, Splashproof, etc.) 


(ci^ b} And Bearings. 


** Refer to following eection on Alternating Current Motors for explanation of types. 

Table 5. Typical Specifications for Wound Rotor Motors 
Hp, RPM, Cycle8,|^i Volte, ||| Phase, Wound Rotor 

(Ssoj 

Induction Motors For Driving Motor Shall Be Arranged for 

(Application) 

Mounting And Shall Be Provided With A 

^ ' (Open, Splashproof, etc.) 

Type of Enclosure, NEMA IqJ!® gjinsulation and Bearings. 
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the use of a fused safety switch or circuit breaker and a face-plate t3rpe 
starter. For automatic push button starting a safety switch or circuit 
breaker and an automatic starter are recommended 

Adjustable Speed Motors are normally shunt wound and are operated 
at various speeds by varying a resistance connected in series with the 
motor field. A maximum range of speed of about 5 to 1 can be obtained 
by this means. Rated speed regulation is 22 per cent for motors of this 
type from 2 to 5 hp ; 15 per cent is standard in larger sizes. The NEMA 
practice on rating adjustable speed d-c motors is defined in the Glossary 
at the end of the chapter. 

The control for the adjustable speed motor consists of the addition of 


UNDCR ^2 HP 




SMALL 

CIRCUIT 

BREAKCR 


•(UhoTon 


HP & LARCeit 



CONSTANT SPEED CONSTANT SPEED 

ADJUSTABLE SPEED MANUAL STARTINC PUSHBUTTON STARTING 




Fio. 2. Recommended Controls for d-c Motors 

a field rheostat for speed control to the equipment specified for the constant 
speed motor. 

Adjustable Varying Speed* motors are d-c motors in which the speed is 
varied by the addition of resistance in series with the armature. The 
speed of the motor by this means is always less than the rated full field 
speed and varies widely with a change in load, especially with high series 
resistance. Fig. 3 illustrates typical speed characteristics of this type of 
motor for different values of armature resistance. 

The addition of series resistance in the armature circuit reduces the 
motor speed by lowering the voltage on the armature. At one-half speed 
the voltage is approximately one-half of line voltage. Consequently, 
with rated full load current the power delivered by the motor will be only 
one-half of the maximum, c.gf., it will be 5 hp from a 10 hp motor, because 
the other 5 hp will be lost in the resistance. It is, therefore, evident that 
the efficiency of the motor is reduced at reduced speeds due to the loss 
in the resistor. 

Control for the adjustable varjdng speed motor is similar to that for 


Rtf«r to Qloinry at «nd of ohaptw. 
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the constant speed motor 'with the exception that the starting redstor 
must be designed for speed regulating duty and must therefore be capable 
of carrying the motor current continuously. Speed controllers are avail- 
able both for constant torque applications and varying torque drives (such 
as required by fans) in which the torque is reduced considerably at reduced 
speed. 

The AdjustMe VoUage type of speed control is also often known as the 
variable voltage or Ward-Ieonard sjrstem. For machines requiring a 
wide range in speed control and a large number of steps of control this 
type of system is used most extensively. The drive consists of one or 
more d-c motors, the armatures of which are supplied with power from 
a d-c generator and the fields of all machines are excited from a constant 
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voltage exciter. A schematic diagram of connections for an adjustable 
voltage drive is shown in Fig. 4. In most cases the d-c generator is a part 
of a three-unit set including a constant speed a-c driving motor, and a 
constant voltage exciter. As the voltage on the generator and consequently 
on the d-c motor or motors is adjusted by a rheostat in the generator field 
circuit,' a great many steps are thus obtained in an efiScient manner. With 
constant field excitation on the motor the speed of the motor will vary 
approximately as the voltage on the generator. 

Extremely wide speed rimges are possible with the adjustable voltage 
type of drive. Ranges as hi^ as 10 to 1 are common and, by the addition 
of field control on the motors, ranges as high as 40 to 1 are permissible. 
This type of drive provides the advantage of good speed regulation over 
the entire speed range, as shown in Fig. 3 in which this type of drive is 
compared with the adjustable varying speed drive. 

T]rpical specifications for d-c motor control are shown in Table 3. 
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ALTERNAXraG CURRENT MOTORS 

Alternating current motors are divided into two main classifications: 
'polyphase and single phase (see Table 1), according to the type of power 
supply used. They are further subdivided as to the type of motor wind- 
ing. 

When polyphase power is available it is usually found more economical 
to apply polyphase motors in preference to single phase motors. A typical 
5 hp, 1200 rpm capacitor start-induction run single phase motor, for in- 
stance, will cost approximately twice as much as the corresponding three 
phase Design B squirrel-cage motor. In addition, the polyphase motor 
has the advantages of higher power factor and higher efficiency. 

Polyphase Motors 

The three types of polyphase motors are : squirrel-cage induction motors, 
wound rotor ind'uction motors, and synchronous motors. 

Squirrel-cage motors are specified by NEMA standards providing a 
variety of speed and torque characteristics. Design A motors provide 

TO A-C 



Fio. 4. Component Parts ok an Adjustable Voltage Drive 

normal starting torque at starting current in excess of Design B motors 
and arc suitable for constant speed application, to equipment such as f^ 
and blowers. Design B motora provide normal starting torque with 
NEMA starting current values which are acceptable by many power com- 
panies for full voltage starting. They are used for the same type of appli- 
cation as Design A. Design C motors provide high starting torque with 
starting current same as Design B and are used on compressors started 
without unloaders, and on reciprocating pumps. Design D motors have 
high slip* and are used with flywheels for widely pulsating loads on equip- 
ment such as reciprocating compressors and pumps where other motors 
would draw high peak currents. 

Figs. 5, 6, 7, and 8 illustrate the characteristics of squirrel-cage motors. 
It will be noticed by inspection of Fig. 6 that both pow’er factor and effi- 
ciency are improved if the motors are operating as near rated load as pos- 
sible. In addition, as shown in Fig. 8, power factor and efficiency are 
better for higher speed motors. 

Typical specifications for squirrel-cage motors are shown in Table 4. 

Wound Rotor motors are used for applications requiring high starting 


Refer to GloaBury at end of chapter. 
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Fio. 5. Spebd Tobqub Chasacteristics of Squibrel-Caoe Motobs 


torque at low starting current, because a wound rotor motor with its con- 
troller and resistance can develop full load torque when starting with about 
full load current. For comparison, a squirrel-cage motor would require 
from 3 to 5 times as much current to develop full load torque at starting. 
The woimd rotor motor is also used for varying speed service to drive fans, 
blowers, and other continuous duty apparatus. Typical specifications 
for wound rotor motors are shown in Table 5. 

The addition of resistance to the secondary winding of the wound rotor 
motor changes the speed torque characteristics as indicated in Fig. 9. 
The motor speed, with the resistance added, is dependent on load and 



Fia. 6. Vabiation of EFFiasNCT and Power Factor with Load for a Typical 
6 Hp, 4 PoLR 60 Cycle, Design B, Squirrel-Cage Motor 
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consequently the motor has very poor speed regulation when secondary 
resistance is added to reduce the speed to values below 50 per cent. 

Synchronous motors are used for continuous duty applications at constant 
speed where efficiency and power factor are important. Another advantage 
of these motors is that of lower initial cost in largc*sizes and for low speeds 
when compared with squirrel-cage type motors. 

The outstanding advantage of the synchronous motor is that its power 
factor can be changed to compensate for the low power factor of other 
drives in the same location. Lagging power factor is an inherent charac- 
teristic of all induction apparatus, such as induction motors and neon 
signs. Unless synchronous motors or capacitors are installed, the plant 
power factor may be comparatively low. This does not necessarily mean 
that corrective equipment must always be installed, but in most cases it 
is desirable to determine what advantages may be gained by improving 


TYPE or SQUIRREL 

CAGE MOTOR 

k 

if 

U 

IS 

O O 

JA 

o 

o 

in 

200 

♦00 STARTING CURRENT 

600 % OF FULL LOAD CURRENT 

> 

> 

» 

!$ 

S 

l\ 

ii 

o o o 
o o e 
- 5La_ 

>- L 
S3 

bS 

S8S 

ec > 

P 

oe 4 
u p 

O h 

888 

j 

id 

N It «0 • S 

DESIGN A 

r 

■1 

!l 

!■■■ 

■ 



■ 

■ 







X 





i.X. 


ii 

mimi 




■ 

■ 







mi 





DESIGN B 

■ 

■I 

!■ 

■■■■ 

■ 



■ 

■ 







mm 

■ 










S3 








■ 

mi 





DESIGN C 






■ 

M 







1 








m 


i 

■ 








■ 

■ 



Si 



■ 

■ 

DESIGN 0 




MIB 








■ 

■ 

■ 

T 





■ 

■ 


m 

ji 



Q 





! 






Si 




n 





nzE 


■ 



“I 

-j 


_ 

I 


: 

jape 


X 

I 

: 

: 

□ 


#5AMC AS STARTING 

Fig. 7 . Comparative Performance op Squirrel-Cage Motors of 30 Hp and 

Smaller Sizes 

the power factor. With purchased power, if the rates include a clause 
embodying a penalty for low power factor, or a bonus for high power 
factor, the saving in power costs may often make a very good return on 
the investment required for the corrective equipment. 

S 3 mchronous motors are used to drive fans, blowers, pumps, compressors 
and other applications. Compressor applications having a high peak 
torque require the use of flywheels to smooth out power peaks ; and should 
always be referred to the electrical manufacturer for recommendations. 

Synchronous motors are provided with built-in damper winding on the 
rotor and operate during the starting period similarly to squirrel-cage 
motors. After the motor is nearly up to speed, field excitation is applied 
and the motor draws into step at synchronous speed. After excitation is 
applied the motor runs at exactly constant speed and will remain at this 
speed until a load approaching the pull-out load is reached, whereupon 
the motor pulls out of synchronism and stops. 

In applying synchronous motors consideration must be given to the 
torque the motor can develop on pull-in, that is, at the instant when field 
excitation is applied. Table 6 tabulates typical application requirements 
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consequently the motor has very poor speed regulation when secondary 
resistance is added to reduce the speed to values below 50 per cent. 

Synchronous motors are used for continuous duty applications at constant 
speed where eflBiciency and power factor are important. Another advantage 
of these motors is that of lower initial cost in large^sizes and for low spee^ 
when compared with squirrel-cage type motors. 

The outstanding advantage of the synchronous motor is that its power 
factor can be changed to compensate for the low power factor of other 
drives in the same location. Lagging power factor is an inherent charac- 
teristic of all induction apparatus, such as induction motors and neon 
signs. Unless synchronous motors or capacitors are installed, the plant 
power factor may be comparatively low. This does not necessarily mean 
that corrective equipment must always be installed, but in most cases it 
is desirable to determine what advantages may be gained by improving 
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Fig. 7 . Comparative Performance op Squirrel-Cage Motors of 30 Hp and 

Smaller Sizes 

the power factor. With purchased power, if the rates include a clause 
embodying a penalty for low power factor, or a bonus for high power 
factor, the saving in power costs may often make a very good return on 
the investment required for the corrective equipment. 

Synchronous motors are used to drive fans, blowers, pumps, compressors 
and other applications. Compressor applications having a high peak 
torque require the use of flywheels to smooth out power peaks ; and should 
always be referred to the electrical manufacturer for recommendations. 

Synchronous motors are provided with built-in damper winding on the 
rotor and operate during the starting period similarly to squirrel-cage 
motors. After the motor is nearly up to speed, field excitation is applied 
and the motor draws into step at synchronous speed. After excitation is 
applied the motor runs at exactly constant speed and will remain at this 
speed until a load approaching the pull-out load is reached, whereupon 
the motor pulls out of synchronism and stops. 

In applying synchronous motors consideration must be given to the 
torque the motor can develop on pull-in, that is, at the instant when field 
excitation is applied. Table 6 tabulates typical application requirements 
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of synchronous motor drives, listing starting, pull-in, and pull-out torques. 

Typical specifications for synchronous motors are shown in Table 7. 

Multi-Speed motors provide flexibility in many types of drives. Syn- 
chronous motors can be furnished only with a 2 to 1 ratio in speed, single 
winding. Squirrel-cage induction motors may be 2, 3 or 4 speed. Two- 
speed induction motors are usually of single winding type, having a 2 to 1 
speed ratio such as 600 rpm and 1200 rpm, or may be double winding. 
Three-speed induction motors are always two winding, and four-speed 
motors are usually two winding with a 2 to 1 speed ratio in each winding. 



Fia. 8. EFnciENCiEs and Power Factors for Squirrel-Cage Induction Motors 

Motors can be provided in constant torque, varying torque, or constant 
horsepower ratings. The constant horsepower type of motor is consider- 
ably larger than the constant torque motor due to the fact that the same 
horsepovrer must be developed at either reduced speed or high speed. 

In selecting two-speed motors for fan, pump, blower, or compressor 
applications, it is usually foimd that two winding motors are more expensive 
than the single winding type. The control cost for two-speed, two wind- 
ing motors, however, is more economical, and therefore the combined 
price of both motor and control for the two winding motor is only slightly 
higher. Because of the improved performance of the two winding motors 
and because of the factor of safety provided by two independent windings, 
the increased cost is frequently worth the difference. 
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Single Phase Motors 

Single phase induction motors have auxiliary windings or devices for 
starting and are classified by the method used. 

Capacitor start motors develop high starting torque in fractional hp rat- 
ings and moderate starting torque in larger ratings. They are usra for 
constant speed drive such as fans, blowers and centrifugal pumps. During 
the starting period, a winding with a capacitor in series is connected to the 
motor circuit and when the motor comes up to speed a centrifugal switch 
cuts the capacitor and second winding out of the circuit. 

Two-value capacitor motors develop high starting torque employii^ a 
starting capacitor and a running capacitor. The starting capacitor ^es 
high starting ability but is suited for short time operation oidy and is cut 
out for the running condition by a centrifugal switch. The running ca- 



Fio. 9. Pbbpokmance Cuabactbristics of A. Wound Rotob 
Motor with External Resistance 

pacitor gives high efficiencj' at full speed. These motors are used on 
compressors, recipro(;ating pumps and similar equipment which may start 
under heavy load. 

Permanent split capacitor motors have low starting torque and are ideally 
suited for small fan drives. Operation is similar to the capacitor start 
motor except that the capacitor is not cut out when running. 

Repulsion- Induction motors develop high starting torque. The motors 
have two rotor windings — a squirrel cage for running and a wound rotor 
connected to a commutator for starting. No switching device is required 
to change from starting to running winding as this is accomplished by a 
gradual shift with speed in the magnetic flux path so that near rated spi^ 
the squirrel cage winding has taken over completely. 

Repulsion Start-Induction Run motors are similar to the repulsion- 
induction motor except they have only the commutator winding. They 
are supplied with a centrifugal short circuiting switch which shorts the 
commutator bars when the motor comes up to speed to obtain a winding 
approximately like the squirrel cage in its function. 
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ReptUsionrlndvction and Repidsim-Start-Induction Run motors are 
suitable for applications such as industrial compressors where high break- 
away torque is required and where commutator and brush noise are not 
factors. 

Split Phase motors have a high resistance auxiliary winding which is 
in the circuit during starting but is disconnected through the action of a 
centrifugal switch as the motor comes up to speed. Under running con- 
ditions it operates as a single phase induction motor with one winding in 
the circuit. These units are available for the small horsepower ratings 
and when equipped with a high slip rotor may be used for adjustable 


Table 6. Typical Application Requirements op Synchronous Motor Drives 
Showing Starting, Pull-In and Pull-Out Torques 


Appucatxon 

Method of 
Connecting Motor 
TO Load 

Starting 

Conditions 

Torques 

Remarks 

Start- 

ing 

Pull- 

in 

Pull- 

Out 

1 

Eihaust and venti- 
lating 

Coupled or belted 

Usually loaded 

60 

60-125 

150 

WR^ of fan must be 
considered 

Blowen 

Cycloidal positive 

Coupled or engine 
type 1 

Unloaded 

40-60 

40-60 

150 

Two-speed motors 
sometimes used 

Blowing engines re- 
ciprocating 

Engine type 

Unloaded 

40 

40-60 

150 


Turbo high speed 

Direct connected or 
step up gear 

Unloaded (in- 
take closed) 

30 

50 

150 

\VR* of blower must 
be considered 

Compressors 

Air 

Engine type 

Unloaded 

40 

30 

150 

Flywheel effect im- 
portant 

Ammonia and am- 
monia booster 

High speed— belted 
Low speed— engine 
type occasionally 
coupled 

Unloaded (by 
by-pass) 

40 

30 

150 

Flyw'heel effect im- 
piortant 

Freon 

High speed— belted 
Low' speed —engine 

- _ _ _ i 

Unloaded (by 
by-pass) | 

45 

50 

150 

Flywheel effect im- 
portant 


Gas reciprocating High speed-* hel^ I Unloaded (by 40 ' 30 j 150 Flywheel effect ini- 
I Low siieed — engine j by-pass) | I > portant 


varying speeds through line voltage control. The motors are ideally 
suited for fan duty. 

Speed-torque characteristics of single phase motors are shown in Fig. 10. 

Typical specifications for single phase motors are shown in Table 8. 

CONTROL FOR ALTERNATING CURRENT MOTORS 

Squirrel-Cage motors are usually linestarted where power company 
limitations permit. In sizes up to 2 hp the motors are started by means of 
manual switches with an overload current element for motor protection. 
In larger ratings a linestarter is usually provided with either an addi- 
tional safety switch or circuit breaker for disconnecting and short circuit 
protection. Reduced voltage starting may be either of manual or push 
button controlled magnetic type. In specifying this type of starter con- 
sideration should be given to the fact that starting torque of squirrel- 
cage motors varies as the square of the applied voltage. For example, a 
motor developing 100 Ib-ft starting torque on full voltage would produce 
only 25 Ib-ft torque on starting on half rated voltage. Fig. 11 illustrates 
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recommended control practice for squirrel-cage motors. Typical speci- 
fications for squirrel-cage motor controls are shown in Table 9. 

Wound Rotor motors require control of both primary and secondary 
circuits. The primary* control may be the same as for squirrel-cage 
motors, manual or magnetic, at full voltage. Secondary* control pro- 
vides means of var 3 dng secondary resistance for starting and speed control. 
The secondary controller should be specified for starting duty only or for 
speed regulating duty. Fig. 12 illustrates recommended control practice 
for wound rotor motors. Typical specifications for wound rotor motor 
control are shown in Table 10. 

Synchronous motor starters should provide pull-out protection, auto- 



Fig. 10. Speed-Torque Characteristics of Single Phase Motors 

matic synchronization or automatic stopping of the motor after pull-out, 
and insurance of complet/C starting sequence, as well as overload and low 
voltage protection. The control may be either magnetic or semimagnetic 
at full or reduced voltage. Semi-magnetic starters provide automatic 
field control but require hand operation for closing the line contactors to 
start and transfer to full voltage. 

In applying reduced voltage starters to synchronous motors it should 
be remembered that, since these motors are started on damper windings 
and during the acceleration period function similarly to squirrel-cage 
motors, the starting torque varies as the square of the applied voltage. 
Consideration should be given to insure development of sufficient motor 
torque to accelerate the load. Typical specifications for S 3 mchropous 
motor control are shown in Table 11. 

Mot to OloOTary mi end of ehapter. 
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Tablb 7. Ttpical Specifications for Synchronous Motors 


Hp, RPM, Per Cent P.P Volts, ||| Phase, Cycles, 

[ Belted ] 

Synchronous Motors of the •! Coupled [ Type for Driving 

[ Engine J (Application) 

Motor Shall be Arranged for |vertic^^^^} Shall Be Provided With 

A Type of Enclosure. Motor Shall be Capable 

(Open, Splashproof, etc.) 

of Developing A Starting Torque of Per Cent Full Load Torque, A Pull-In 

Torque of Per Cent Full Load Torque, And A Pull-Out Torque of 

Per Cent Full Load Torque. The Motor Field Shall Be Excited From A 


(Direct Connected Exciter] 
Belted Exciter 
M-G Set Exciter 
d-c Bus J 


[which 


Shall Not; 


Be Included With The Motor. 


Table 8. Ttpical Specifications for Single Phase Motors 

Hp, RPM, 1^1 Cycles, Volts, Single Phase Motor of 

the Type for Driving Motor Shall 

(Capacitor, Split Phase, etc.) (Application) 

Be Arranged for {vertfcS^*^} Provided With 

\o^ Spn.hp,oof; eicO ■ {gS A"" 

{aSL}”*’**’*’- _ 

Table 9. Typical Specifications for Squirrel-Cage Motor Control 

Control for Squirrel-Cage Motors Shall Consist of An Enclosed 

(Fan, Pump, etc.) 

{^d^ed VoUa^} Providing Overload Protection And 

Low Voltage Control Shall Include A Safety Disconnect Switch 

Starting Controller. 


Mtdti-Speed control may be either manual or magnetic, and at full or 
reduced voltage. When using automatic magnetic control with two-, 
three-, and four-speed separate winding or consequent pole motors, con- 
trol may be obtained from a remote point by means of a push button 
master switch. The various speeds of the motor are obtained from the 
master switch by simply depressing the correct push button. is 
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known as selective speed control. It is commonly used in the smaller 
theater installations where the fan and motor are located backstage and 
the speed control is located in the lobby. 

Multi-speed motor controllers may be provided with compelling relays 
which make it necessary for the operator to press the first speed button 
before regulating the motor to the desired speed. This insures that the 
motor is always started at low speed before adjusting to a higher speed. 

Timing relays which provide for automatic acceleration may be used 
for control. With this feature the motor will always start at low speed 
and automatically accelerate to the desired speed. Decelerating relays 
may be used to reduce the shock effect of the braking action to the motor 
and drive when the speed is reduced from a higher to a lower speed. 

Single Phase motor control usually consists only of a linestartcr, either 


ACROSS THE LINE STARTING 
LINE LINE LINE 



REDUCED VOLTAGE STARTING 
LINE LINE 



ArrangementB 2, 3| 4 and 6 provide automatic push-button starting. 

Fio. 11. Recommended Controls fob Squirrel-Cage Motors 

manual or magnetic. In some cases it is desirable also to provide a dis- 
connect switch. Fig. 13 illustrates the recommended controls. 

Typical specifications for single phase motor control are shown in Table 

12 . 

GEAR MOTORS 

A gear motor is a self-contained combination of any type of a-c or d-c 
motor and an enclosed speed-reducing gear, providing a more compact 
and readily adaptable unit than is obtained by using a motor coupled to 
a gear reducer. Gear motors are available in sizes up to 75 hp with output 
shaft speeds from about 4 to 1430 rpm, making it possible to couple or to 
connect by gear or chain to nearly any machine. High speed motors are 
used, genen^y 1800 rpm on 60 cycles, thus obtaining the advantages of 
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Table 10. Typical Specifications for Wound Rotor Motor Control 

Control for Wound Rotor Motor Control for . . Applications Shall Consist of a Safety 

(Fan, Pump, etc.) 

Disconnect Switch, a jco^mon^^} Across the Line Starter Providing Over- 

loiul Pn)l«.tiiiii, L<.» Voltage end > S«coii<tary {|^“”fcg„talliig) 

S.»od« Control 

Shall Be Interlocked so as to Provide Complete Control from the Rheostat Handle. 


Table 11. Typical Specifications for Synchronous Motor Control 

Synchronous Motor Control for Motors Shall Provide for 

(Application) 

(Kuled \^ltage} {S-ftfetic}- (Reduced Voltage 

[ Autotransf ormers] 

Starting Shall Be Obtained by Means of | Resistors > And Shall Limit 

(Reactors 

The KVA Inrush to a Maximum of . . . per cent of Full Load KVA.) The Control 
Panel Shall Be For {^bboard} Assembly And Shall Be of d ctwcl?} 

Construction. It Shall Provide Overload, Under Voltage Protection And After Pull- 

ing On. nt Stap Will {JSSSSilS: 


Table 12. Typical Specifications for Single Phase Motor Control 

Control For Single Phase Motors Shall Consist of a 

(Fan, Pump, etc.) 

{SgSic} TyP® {^Sfced Voltage} Providing Overload Protection (And 

Low Voltage) ; And A Separate Safety Disconnecting Switch. 


high motor power factor and efficiency. The gearing efficiency is also 
high, usually about 98 per cent for a single reduction of the helical or 
spur type, that is, a 2 per cent loss for one reduction or 4 per cent loss 
for a double reduction. Consequently, the over-all performance of the 
gear motors is much higher than a combination of open gearing, belting, 
countershaft, or other arrangement, which would otherwise be required. 
Gear motors are used extensively to drive numerous types of slow speed 
drives. Besides being more effective than other combination drives in 
saving space, they are important in reducing maintenance and operating 
hasa^. 



MiBMii fod Ifflilor Gntwl* 


6d6 




Line 






ArranKomentB 2. 3 and 4 are optional for motors 
up to 74 hp, 220 volts. 


Fio. 12. Recommended Controls for 
Wound Rotor Motors 


Fio. 13. Recommended Controls for 
Single Phase Motors 


GLOSSARY 


General Definitions 

NEMA is the abbreviation for the National Electrical Manufacturers Association. 

Speed Regulation ^d-c motors) is the change in speed between no-load and full-load» 
expressed in per cent of full-load speed; for example, a motor having a no-load speed 
of 1200 rpm and a full-load speed of 1140 rpm would have a speed regulation of 5.6 
per cent. 

Slip (a-c induction motors) is the difference between the motor speed and syn- 
chronous speed expressed in per cent of synchronous speed, e.g., a 1^ rpm motor 
operating at 1140 rpm would have a slip of 5 per cent. 

Torque is an expression of the turning effort developed by the motor at the shaft 
and is usually expressed in ounce-feet for fractional horsepower motors and in pound- 
feet for motors of larger ratings. 

Primary is the term usually applied to the high voltage or line side of a transformer 
or motor. In the case of the wound rotor motor the primary is the stator winding. 

Secondary is the term usually applied to the low voltage or load side of a trans- 
former or motor. In the case of the wound rotor motor the secondary is the rotor 
winding. 

NEMA Classification of Motor Enclosures 

Oven motors (40C rise, rated load, 50 C rise, service factor load) are self-ventilated 
macnines having no restriction to ventilation other than that necessitated by me- 
chanical construction. 

Protected motors (50 C rise) have all ventilating openings in the frame protected 
by perforated covers. 

Semi-Protected motors (50 C rise) have the ventilating openings in the top half of 
the frame only protected by perforated covers. 

Drip Proof motors (50 C rise) are so constructed that drops of liquid or solid par- 
ticles railing on the machine at any angle not greater than 15 deg from the vertical 
cannot enter the machine either directly or by striking and running along a hori- 
zontal or inclined surface. 

Splash Proof motors (50 C rise) are so constructed that drops of liquid or solid 
particles falling on the machine or comins towards it in a straight line at any angle 
not greater than 1(X) deg from the vertiesd cannot enter the machine either directly 
or by striking and running along the surface. 
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Totally Endoaed Non-Ventilated motors (55 G rise) are so constructed as to prevent 
exchange of air between inside and outside of the case, but are not air tight and are 
not equipped with external cooling means. 

Totally Enclosed Fan-Cooled Motors ^55 C rise) are similar to totally enclosed., non- 
ventilated machines except that exterior cooling is provided by means of a fan or 
fans integral with the machine. 

Explosion Proof motors (55 C rise) have an enclosing case designed to withstand 
an explosion of a specified gas or vapor which may occur within it, and to prevent the 
ignition of the gas or vapor surrounding the motor .by sparks, dashes, or explosions of 
the gas or vapor which may occur within the machine casing. 

Dust Explosion Proof motors (55 C rise) have an enclosing case designed and con- 
structed so as not to cause the ignition or explosion of an atmosphere of the specific 
dust or to cause ignition of dust on or around the machine. (Proper overload pro- 
tection and cleanliness arc required for successful operation). 

Waier Proof motors (55 C rise) are so constructed as exclude water applied in 
the form of a stream from a hose. 

Dust Tight motors (55 C rise) are so constructed that the enclosing case will ex- 
clude dust. 

Motor Speed Classifications 

A Constant Speed Motor is one in which the speed remains practically constant with 
changes in load; c.^., a d-c shunt wound motor or a-c squirrel -cage motor with low 
slip. 

A Varying Speed Motor is one in which the speed varies with the load, usually 
decreasing when the load increases; e.g., a d-c series motor or an induction motor 
with large slip. 

An Adjustable Varying Speed Motor is one in which the speed can be adjusted 
gradually, but when once adjusted for a given load will vary in considerable degree 
with change in load; e.g., a shunt wound d-c motor adjusted by armature resistance 
control. 

An Adjustable Speed Motor is one in which the speed can be varied gradually over 
a considerable range, but when once adjusted remains practically unaffected by the 
load; e.g,, a d-c shunt motor with field resistance control. The standard ratings for 
open type, adjustable speed motors, having a speed range of 3 to 1 and greater are in 
accordance with the following: 

(1) A standard continuous horsepower rating at 150 per cent of minimum speed 
with a temperature rise of 40 C. 

(2) The next higher standard continuous horsepower rating at 3 times minimum 
speed with a temperature rise of 40 C. 

(3) Between 150 per cent of minimum speed and 3 times minimum speed, the stand- 
ard continuous horsepower rating with a temperature rise of 40 (J will vary 
with the speed along a straight line connecting these two horsepower ratings. 
No further increase in horsepower is recognized above 3 times minimum speed. 

(4) Below 150 per cent of minimum speed the lower continuous horsepower rating 
(see preceding item 1) will apply with a temperature rise of 50 C. 

Example: ^/25 hp, 400 to 1600 rpm. This motor may be rated 20 hp, 40 
C at 600 rpm and 25 hp, 40 C from 1200 to 1600 rpm. Between 600 and 1200 
rpm the rated horsepower increases directly with speed from 20 to 25 hp. 

(5) Motors may also be rated 1 hour with temperature rise of 50 C with the higher 
horsepower rating (see preceding item 2) throughout the entire speed range. 

Example: 20/25 hp, 4()0 to 1600 rpm. This motor may be rated 25 hp, 50 C. 
4(X)/16(X) rpm; 1 hour. 

Mechanical Modifications 

Vertical Mountings are available for such applications as pumps, agitators, and so 
forth. This type of application may require a special umbrella-type hood to protect 
against dripping liquids. 

Flanged Mountings are available for use where motors are built in as part of ma- 
chines. Motors m&Y also be supplied with flush plate mountings, suitable for close 
coupled pump and similar applications. 
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UNIT AIR CONDITIONERS, UNIT AIR COOLERS 


Definitions, Classification of Unit Type Equipment, Component Parts of Unit Tjrpe 
Equipment, Sound Isolation, Modification of Remote Units, Rating 
of Unit Air Conditioners, Application of Unitary Equipment, 

Unit Air Coolers 


T HIS chapter presents the physical characteristics of air cooling units 
and air conditioning units ; a suggested procedure for selection of units ; 
and some of the factors involved in the application of unitary equipment. 
In general, factory produced unit equipment can be obtained to accomplish 
all of the functions possible from field assemblies, but the advantages of unit 
equipment are most apparent in small and moderate capacities. Above 
12,000 cfm capacity, or approximately 40 tons of refrigeration capacity, 
handling and assembly costs generally favor the use of field assembled 
units. Multiple application of unitary equipment is frequently justified 
for large gross tonnage installations where zoning or a minimum amount 
of air distributing ducts is desirable. 

DEFINITION 

The t(‘rin air cotuiMoning unit has been loosely used as a name for 
all type's of fa(*tory produced air handling, cooling, or heating units. The 
c-ode, Standard Method of Hating and Testing Air Conditioning Equip- 
in(Mit\ defines the various types of unitary equipment : 

1.' A Cooling Unit is a specific air treating combination consisting of means for air 
circulation and cooling within prescribed temperature limits. 

2. An Air Conditioning Unit is a specific air treating combination consisting of 
means for ventilation, air circulation, air cleaning, and heat transfer with control 
means for maintaining temperature and humidity within prescribed limits. 

3. A Cooling Air Conditioning Unit is a specific air treating combination consist- 
ing of means for ventilation, air circulation, air cleaning, and heat transfer with 
control means for cooling and maintaining temperature and humidity within pre- 
scribed limits. 

4. A Self Contained Air Conditioning or Cooling Unit is one in which a condensing 
unit is combined in the same cabinet with the other functional elements. Self- 
contained air conditioning units are classified* according to the method of rejecting 
condenser heat (water cooled, air cooled, and evaporatively cooled), method of 
introducing ventilation air (no ventilation, ventilation by drawing air from outside, 
ventilation by exhausting room air to the outside ^ or ventilation by a combination 
of the last tw'o methods), and method of discharging air to the room (free delivery 
or pressure type) . 

5. A Free Delivery Type Unit takes in air and discharges it directly to the space to 
be treated without external elements which impose air resistance. 

6. A Pressure Type Unit is for use with one or more external elements which impose 
air resistance. 

7. A Forced-Circulation Air Cooler is a factory encased assembly of elements by 
which heat is transferred from air to refrigerants*. 

CLASSIFICATION OF UNIT TYPE EQUIPMENT 

Field assembled apparatus as described in Chapter 43 can be designed 
in shape, size, and capacity for any application, with the refrigeration and 
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heating system exactly balanced to load conditions. To obtain the 
economies of mass production, factory built units must be standardized 
in a few models per manufacturer. Each model covers a range of capac- 
ities within the capacity of its fan to deliver air against the resistance 
of the unit and against the system resistance. For this reason, the unit 
performance will usually represent a compromise between actual load 
requirements and the rated capacity. Within the range of accuracy of 
most load calculations, this compromise is not objectionable. 

If the condensing unit and cooling and heating coil surfaces are care- 
fully selected, and if proper consideration is given to reduction of piping 
losses, the performance of the combined system will compare favorably 
with held assembled apparatus. A system, in which the air handling unit 
is separated from the condensing unit, is called a remote system, and the 
conditioning unit is designated as a remote unit. The economical capac- 
ities of remote units usually range from 10 to 40 tons. 

For applications where load calculations are subject to considerable 
variance and where close control is not considered essential, further econo- 
mies of factory assembly can be obtained by combining the air handling 
and condensing equipment in one unit. This effects another compromise 
between load calculations and equipment selection, since the capacity 
of the combined unit is then dependent on the predetermined balance 
between a particular coil and condensing unit. These combination units 
are called self-contained units and, under the aptly descriptive name store 
conditioners, find economical application in 3, 5, 74, 10, and 15 ton 
refrigeration capacities. These capacities, or limited multiples thereof, 
meet the load requirements of the majority of small and medium sized 
commercial establishments. With some modifications, these units can 
also be adapted to light industrial work. 

To meet the requirements of individual comfort in small rooms and 
offices, where load calculations are subject to the indefinite design con- 
dition of feeling cool, self-contained units, called room coolers, find exten- 
sive and economical application. These units are usually restricted to 
summer and intermediate season operation, and range from J to 1^ tons 
of refrigeration capacity. 

A special application of remote units is found in the unit air cooler 
which is used extensively in refrigeration work. Its primary function is to 
reduce temperatures in insulated and sealed storage spaces, and humidity 
control is a secondary consideration. Because of the small temperature 
differences between the coil and room temperatures, unit coolers handle 
three to five times as much air per ton as remote units used in air con- 
ditioning. 

The attic fan or exhaust fan is sometimes referred to as a cooling unit, 
but since it contains no element of heat transfer, it is treated in Chapter 32, 
Fans. 


COMPONENT PARTS OF UNIT TYPE EQUIPMENT 

Units can be obtained for producing any of the required effects on air. 
As they function most satisfactorily when doing the work for which they 
were designed, field modifications are usually unadvisable because of 
expense involved as well as the possibility of causing unexpected diffi- 
culties in operation. The basic design considerations of unitary equip- 
ment are dii^ussed in the next following paragraphs. 
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Remote Units. Remote units can be obtained in two general classes, 
horizontal as shown in Fig. 1 and vertical as in Fig. 2. Their construction 
is essentially the same, except for the drain pan and filter locations. 

Casings. Casings are generally constructed of^sheet metal with angle 
iron frames and with removable panels for access to coil connections, 
blower bearings, filters, and drain. Casings should be air tight. Panels 
should be tight fitting with cam or similar fastenings for easy opening. 
Panel openings at coils for heavy units should be large enough to receive 
coils after the casing is suspended. Frames should be fitted with lugs 
strong enough to suspend horizontal units. Non-metallic casings are of 
advantage in small remote units for reducing sound, particularly when 
propeller type fans are used. 

Insulation. Remote units are available with waterproof and vermin- 
proof sound and heat absorbing insulation on the inside of the casing. 
They are also available with flanges and flanged access doors to permit 
insulation after installation. 

Drain Pans. Because of the corrosive effect of mild picric, carbonic, 
and sulfurous acids absorbed by condensate, drain pans are usually made 
of 14 gage or heavier metal. They should be hot dipped galvanized 
after fabrication or otherwise treated to resist corrosion. Some manu- 
facturers extend the drain pan under the entire unit, but in any case it 
should extend far enough to catch any condensate carried over from the 
coils. The drain connection should be readily accessible for cleaning and, 
in air conditioning work, should be generously sized and trapped. Some 
municipal codes require a minimum size of IJ I.P.S. 

Blowers. The usual practice among manufacturers is to use light con- 
struction in the blowers in remote units, although a few are available with 
heavy duty blowers in the larger sizes. These blowers work under almost 
constant conditions without overload or shock and will usually last as long 
as the unit with reasonable maintenance. As lubrication of bearings is 
very important, it is good practice to locate the oil cups conveniently out- 
side of the unit. In any application where considerable dehumidification 
or humidification is involved, such as in a system where the unit is 
handling 100 per cent outside air, it is important that the blowers be 
painted with asphaltum or other corrosion resistant paint to prevent 
excessive oxidation and corrosion of the blowers. 

Some of the smaller suspended type units. Fig. 3, use propeller fans 
with a trailing edge blade in order to obtain required pressure character- 
istics with quiet operation. Since most of the motors driving these fans 
are direct connected and use brushes for starting, adequate access should 
be provided for maintenance and inspection. 

Cooling Coils. The cooling and dehumidifying coils used in unit air 
conditioners are essentially the same as those used in central station units. 
The face area of the coil is usually fixed and the number of rows deep in 
the direction of air flow is the variable that determines capacity. It 
should be remembered, as noted in Chapter 39, that adequate coil surface 
is important for efficient performance of any system and that there is little 
economy in reducing coil depth to less than four rows. 

Where multiple circuits are used in the larger coils, equal distribution 
of the cooling medium to the various circuits is vital in order to develop 
full capacity of the coil. The cooling coils also perform the function of 
dehumidification. To prevent carryover of condensate, eliminator plates 
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should be used if face velocities exceed 500 to 530 fpm, unless adequate 
means of catching the droplets are provided. 

When air is drawn upward through dehumidifying coils as in some 
vertical units, water is entrained v^itMn the fins and held in suspension. 
This increases the resistance pressure against which the blower operates 
and results in wide variation in air volumes handled between dry and wet 
coil conditions. Some unit manufacturers have so designed vertical 
units that the air passes through the coils horizontally in order to over- 
come this difficulty. 

Heating Coils, Heating coils of unit air conditioners are usually con- 
ventional blast coils and can be obtained with or without non-freeze steam 
distribution features. They usually match the cooling coils in face area 
and are one or two rows deep depending on the heating requirements. 
Where coils are selected for hot water and have more than two rows of 
tubes, the air resistance and the space requirements of the total number of 
rows of cooling and heating coils should be carefully checked. 

Humidification, Spray type humidifiers are usually used in remote 
systems, but in some cases pan type humidifiers or steam humidifiers 
are also used. Some condensation on the inside of the unit casing may 
occur with possible water damage if the unit is located in a cold space 
without adequate insulation. Spray type humidifiers should be located 
so that no carryover of moisture occurs. 

Filters. It is almost axiomatic that all units should have filters. Some 
small suspended units of 1 ton capacity or less with low coil face velocities 
and propeller fans are equipped only with lint screens or operate without 
filters, but in them the coils must be periodically cleaned and there is con- 
stant danger of clogging of the drain with the possibility of water damage. 
Filters used are usually of the throw-away type, although cleanaWe 
filters are available for most of the larger units. Care should be taken to 
insure adequate filter surface, since the cross-sectional area of the unit is 
seldom adequate for filter area. V-shaped or staggered filter arrange- 
ments are quite commonly used to increase filter area. 

Motors. In some units where the motor is mounted inside, adequate 
access for maintenance and clearance for tightening belts are imperative. 
When motors are mounted in this manner, all of the heat equivalent motor 
input must be added to the heat load to be absorbed by the system and 
this requires a lower exit air temperature at the coils. Usually, how’^ever, 
the motor is located outside of the casing where it is readily accessible 
for service. In this case, only the brake horsepower required by the fan is 
transformed into heat to be included in the load calculations. 

In either application, motors should be selected with adequate horse- 
power to handle the design volume of air against the resistance of the 
system when the coils are wet and then checked against the possible 
horsepower requirements for the increased volume of air when the coils 
are dry. 


SOUND ISOLATION 

Both suspended and vertical floor mounted units can transmit vibra- 
tion through the supports. Wherever such transmission of sound might 
be objectionable, the supports should be isolated through rubber-in-shear 
or other sound deadeners (for design of suitable sound deadeners see sec- 
tion Controlling Vibration from Machine Mountings in Chapter 42). 
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MODIFICATIONS OF REMOTE UNITS 

Features of various modifications of remote air conditioners are given 
in the following paragraphs. 

Spray Type Unit 

Fig. 4 shows a spray type unit used by designers who prefer air washing 
and coil wetting features. These units are equipped with a pump that 
sprays water or brine over the coils. Due to the direct mixing of the 
condensate and the spray, provision must be made for overflow in summer 
and replacement of water evaporated in winter. 

Dehumidifying Units 

In a further modification of spray type units, absorbent brine solutions 
such as lithium chloride are used to remove moisture from the air. As 
explained in Chapter 38, the latent heat of the moisture removed is 
changed to sensible heat, so that coils must be used as after-coolers to 
obtain the right dry-bulb temperatures. Factory produced units are also 
available for use with solid adsorbents such as silica gel. 

Remote Room Units 

For individual rooms, w’ith cooling load requirements of ^ to 1§ tons, 
remote units are available in attractive casings for installation within the 
room. A suspended type is shown in Fig. 3 and a floor t)rpe, such as is 
usually installed in place of an existing radiator, is shown in Fig. 5. 
Furnished with chilled water from a central plant, these units offer a 
satisfactory method of conditioning existing offices, hotel, and apartment 
rooms. These units may be obtained with filters and outside air con- 
nections, but for most satisfactory application are used as supplements to 
central systems that supply properly conditioned and filtered air to the 
areas served. 

Induction type units, using primary conditioned air under pressure to 
induce local circulation, are described in Chapter 43. 

Self-Contained Units 

A typical large self-contained unit is shown in Fig. 6. It is essentially 
a remote vertical type conditioner mounted on top of a sound insulated 
enclosure containing the condensing unit. Air distribution is obtained by 
means of grilles mounted in the discharge plenum when the unit is located 
in the conditioned area. Duct distribution of conditioned air can be 
obtained by removing the plenum connecting directly to the blower dis- 
charge, and safing the top of the unit. 

The heat generated by the compression of refrigerant gases and that 
given off by the electric motor is removed from the compressor compart- 
ment in four ways : by the use of a water coil in the compressor compart- 
ment ; by utilizing the cold suction gases ; by drawing part of the return air 
through the compressor compartment, and finally by circulating room air 
through the compressor compartment by means of a fan attached to the 
motor shaft. 

The 7i, 10, and 15 ton self-contained units usually have horizontal 
type conditioners. The condensing unit enclosures are not completely 
sound insulated, since they are not usually installed in the conditioned 
area. Most units can be divided into two or three sections for ease of 
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handling and installation. Although most large self-contained units have 
water-cooled condensers, the 7J, 10, and 16 ton units can be obtained for 
operation with evaporative condensers. 

Self-Contained Room Cooling Units 

Small self-contained units can be obtained with water-cooled conden- 
sers but they are generally air cooled. 

The air-cooled types are small in capacity, ranging from i to IJ hp. 
Their principal application is for conditioning such spaces as hotel rooms, 
offices and residential living quarters. A duct connection between the 
unit and an outside window or ventilated air shaft is required to permit 



Fio. 6. Self-Contained 
Water-Cooled Air 
Conditioner 


disposal of the heat extracted from the conditioned area. The unit may 
stand in front of the window or be mounted on the window sill. Various 
styles and types of windows are encountered which increase the difficulty 
of making the window connections. The evaporation of condensate on 
the condenser coils, as a means of disposing of this moisture, tends to 
increase the condensing capacity and reduce the operating head pressure. 
Some units add supplementary water so that increased capacity may be 
obtained from constantly wetted condenser coil surface. Connections to 
an electrical outlet may be by means of a conventional cord and plug or a 
pcnnanent electrical connection, depending on local code rulings per- 
taining to the installation of small motors. The exterior finish of the unit 
in metal, wood or fabric is decorated to harmonize with office or bedroom 
furnishings. 

A unit of the air-cooled condenser type for floor mounting is shown in 
Fig. 7. Of the two fans shown, the lower one acts as condenser air fan, 
and in some units this fan is arranged with slingers for discharging con- 
densate on the condenser coil while the upper fan discharges air into the 
conditioned area. A feature of the design shown in Fig. 7 is that the 
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condensate from the cooling coil is sprayed over the condenser surface 
and vaporized, thus eliminating the need for drain connections. A simple 
dampering arrangement is generally provided for exhausting some air 
from the room, in addition to introducing outside air and recirculating 
required amounts of air. It is possible to remove the equipment for winter 
storage or utilize the ventilating features for winter operation. 

Controls for Room Cooling Units 

Control devices for self-contained cooling units are generally provided 
to include all necessary means for automatic operation. Provision is 
also made for adding auxiliar 3 ^ external controls when desired. Remote 
units are not generally equipped with controls. Control systems for 
remote units, and auxiliary controls for self-contained units, are covered 
in the general treatment of Controls in Chapter 34. 



Fig. 7. Self-Contained Aib-Cooled Unit 
Air Conditioner 


RATINGS OF UNIT AIR CONDITIONERS 

There are two codes governing the rating and testing of unit air con- 
ditioners. The first code, Standard Method of Rating and Testing Air 
Conditioning Equipment^ covers all types of air conditioning units except 
the self-contained type. The latter is covered by the second code. The 
Standard Method of Rating and Testing Self-Contained Air Conditioning 
Units for Comfort Cooling^. The two codes arc necessary because of the 
basic difference caused by the heat given up by the self-contained units. 
The standard rating conditions for self-contained unit air conditioners, 
as given in the code, are set forth in Table 1 . 

The standard rating of a self-contained unit for the conditions specified 
in Table 1 includes all items which apply to the function of a unit as: 
(1) name of unit, (2) functions which unit performs, (3) data on cooling, 
(4) data on heating, (5) data on air flow, and (6) data on humidification. 

The standard rating conditions for unit air conditioners, other than the 
self-contained type, are identical with those in Table 1 except the entering 
wet-bulb temperature for cooling is expressed as 50 per cent relative 
humidity (66.7 F wet-bulb) instead of 67 F wet-bulb temperature. In 
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addition, the saturated suction refrigerant temperature for comfort 
cooling is specified at 40 F. This condition is omitted from Table 1 for 
self-contained units as immaterial in the rating of a unit that includes the 
evaporator and condensing unit. 


Table 1. Standard Rating Basis fob Self-Contained Air Conditioning Units 


Functions 

Types of Units 

Rating Condition 

Item 

DeKiiption 

Value 

All 

All 

a 

Barometric Pressure 

20.02 in. Hig. 

Cooling 

Water-Cooled, 
Air-Cooled 
and Evapora- 
tively- Cooled 
Condensers 

b 

Unit Ambient and Air Entering 
Room — ^Air Inlet 

(1) Dry-Bulb 

(2) Wet-Bulb 

SOP 

«7F 

c 

Ventilation Air 

See Note 

Water-Cooled 

Condensers 

d 

Water Temperature Entering Unit 

75 F 

e 

Water Temperature Leaving Unit 

esF 

Air-Cooled 
and Evapora- 
tively- Cooled 
Condensers 

f 

Air Entering Outside Air Inlet 

(1) Dry-Bulb 

(2) Wet-Bulb 

05F 

76F 

Heating 

All Types 
Provided 
with Heating 
Function 

g 

Unit Ambient and Total Air Enter- 
ing Unit 

TOP 

h 

Heating Medium, Pressure or 
Temperature 

(1) Dry Saturated Steam 

(2) Water In 

(3) Water Out 

10.7 n> M 

sq in. ua 
180 F 

160 F 

Humidifying 

All Types 
Provided with i 
Humidifying 
Function 

i 

Unit Ambient 

TOP 

i 

Total Air Entering Unit 

(1) Dry-Bulb 

(2) Wet-Bulb 

70 F. 
58F 

Air 

Circulation 

All 

k 

Filtere 

New and 
Clean 


iVo<6: Rating shall be baaed on both ventilation and recirculated room air entering at 80 F dry>bulb 
and 67 F wet-bulb temperature. (The NoU as given in the code has befn condensed in order to remove ma- 
terial not pertinent to this chapter) . 


APPLICATION OF UNITARY EQUIPMENT 

One of the chief advantages resulting from use of factory produced 
units is the saving in installation and field assembly labor, a factor that 
should always be kept in mind when selecting a location for these units. 
Because of their compactness, the tendency exists to put them in closets, 
storage rooms, and other inaccessible places, where installation is so 
difficult that much of this cost advantage is lost. 

Access panels are provided on units for the proper servicing and main- 
tenance of the equipment. Adequate outside clearance at these panels is 
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essential. Wherever there is danger of freezing of coils or clogging with 
dirt, sufficient clearance should be available for replacing them without 
removing parts of the building. 

The outstanding source of difficulties in unitary systems is usually dirty 
filters. The characteristics of the light weight fans used are such that air 
volume drops off rapidly with increase in static resistance. Since changing 
filters is an unpleasant duty likely to be neglected unless it can be done 
easily, the operator should be at the same level as the filters, rather than 
under them, when they are being removed. 

Fan speeds should be selected accurately for the system resistance. 

Variable pitch motor pulleys are often provided in a unit for minor field 
adjustment of air volume. Any such field adjustment should be made when 
filters are dirty, to simulate average operating conditions. 

Because varying sizes of coils are used within the same casing, it is 
very important that coil safing be carefully installed to prevent by-passing 
of unconditioned air. If coils are not equipped with individual casings, 
additional safing may be required on top to prevent short circuiting air 
down through the upper edges of the fins. In this same category is 
the need for careful installation of the various sections of sectionalized 
units, using a sealing compound if necessary to prevent air leakage into 
the fan section of the unit. 

Since the drain connection is usually made on the exit side of the coil, 
it is important that the drain line be properly sealed. This seal should 
be at least twice as deep as the suction on the fan in inches of water, 
to prevent gurgling sounds and to insure a positive seal against infiltration 
of odors and moisture laden air. Drain pans should not be used to sup- 
port the coils unless they are designed to hold this weight without sagging. 
As the movement of air draws the condensate or excess humidification 
water toward the fan, drain connections are usually located on the exit 
side of the coil. The advantages of quick drainage are lost if improperly 
supported coils distort drain pans and cause vrater to accumulate in the 
center or back of the pan. 

When the fans of vertical units are stopped, condensate that has been 
held up in the coils by fan suction drops into the drain pan and splashes 
against the casing. If water damage is to be avoided, flashings should be 
provided to prevent this water from running out of the unit at the seams. 

When locating unitary equipment, floor and beam loadings should be 
carefully checked. Suspended horizontal units can add 50 to 100 lb per 
square foot to the loading on the floor above. Should this floor be already 
heavily loaded, or be a roof structure designed for a 40 lb per square foot 
snow load, excess beam deflection may occur and cause cracking of plaster 
or concrete fire-proofing. A small fire, normally of little consequence, 
may cause a rupture of a heavily loaded structure and permit the equip- 
ment to drop with extensive property damage. Self-contained units 
should be carefully installed since their weights run as high as 200 lb 
per square foot. When they are installed in street floor shops, the extra 
precaution of placing a column beneath them in the basement is an inex- 
pensive method of reducing vibration as well as providing insurance 
against overloaded floor beams. 

The services required for operation of unitary equipment should 
conform to the many restrictive, but necessary, local municipal codes. 
Existing buildings seldom are wired adequately for the electrical load 
imposed by the starting of an air conditioning compressor on any branch 
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circuit. Even the smallest room cooler can draw enough current to 
reduce the voltage of a lighting circuit to the point where it is visibly 
apparent. This voltage drop may even affect the life of the unit due to 
the relatively slow starting. The cost of a separate electrical circuit of 
adequate capacity from the main panel is more than justified ; it is a neces- 
sary expense in the majority of installations. 

A water supply of adequate capacity and pressure is necessary to 
prevent overloading of electrical equipment by high head pressures. The 
average city water supply pressure is adequate for installations up to the 
third floor. Since most water cooled units require about 20 lb pressure, 
including control valve losses, it is important that any units served by 
gravity from roof tanks be checked carefully if located less than 40 ft 
below the tank. 

Drain connections from condensers should flow to an open and properly 
trapped sink as required by most city codes. This prevents back pres- 
sures on the city water system in the event of condenser failure. A check 
valve should also be installed in the water supply as a further precaution 
against contamination. 

When installing small remote or self-contained units with outside air 
connections in buildings more than 6 stories high, the effect of wintertime 
stack action in elevator and stairwells requires special attention. This 
stack action is the cause of negative pressures on the lower floors, tending 
to draw cold air through the units, and positive pressures on the upper 
floors preventing adequate ventilation and disrupting air distribution. It 
can also cause annoying whistling at door openings that is a serious 
source of complaint in hotels and oflSces. Wherever the removal of such 
units is impracticable, it is important that carefully fitted, felt-edged damp- 
ers be installed in the outside air intakes with adequate locking devices. 

One further consideration when installing self-contained units in con- 
ditioned areas is that any maintenance or repairs to be required in future 
years must be carried on in occupied space. If this is kept in mind in 
locating units, much inconvenience can be avoided. 

UNIT AIR COOLERS 

This type of unit is primarily intended to perform the main function of 
cooling air, with humidity control a secondary function within the limita- 
tions of the design. The main application of this equipment is in process 
and product refrigeration, such as cold storage warehousing, fruit and 
vegetable packing, in breweries, and in wholesale and retail food markets. 

Application of the unit method of air cooling with mechanical circu- 
lation is comparatively recent, being an improvement over the pipe or 
finned coil, which depended on gravity for circulation. Bunkers were 
sometimes constructed around the coils to direct the air flow and some- 
times fans were used for forcing air over the coils. The location of the 
unit air cooler is usually within the refrigerated area, but the larger, 
blower type models may be remotely located. 

Design and Performance. Greater application and use of commercial 
refrigeration have resulted from the development of the unit air cooler. 
Flexibility of design has permitted almost any condition to be met. Fin- 
ned t3q)e coils are usually employed, with continuous fan operation. By 
varying such physical features as tube size, fin spacing, refrigerant circuit- 
ing, the depth of coil rows, and air volume over the coils, the designer is 
able to produce a wide range of performances and to offer many desirable 
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features not obtainable with the coil and bunker method. Higher suction 
temperature operation, more uniform temperatures, higher relative humid- 
ities with the defrosting cycle, moderate first cost, and a minimum of 
installation expense are likewise factors in their development. 

New uses have appeared for unit air cooler application in industrial and 
conunercial processes involving both the raw materials and finished 
product, Avhere the maintenance of low temperatures is a necessary part 
of these processes. Of particular interest is the new field of extreme low 
temperature application where many new uses for refrigeration are being 
found. 

Types of Units. The two standard types are the suspended or ceiling 
type, and the vertical or floor mounted type. There are variations of 
these such as the panel type which is wall mounted and arranged to take 
in air from the lower section and discharge it from the upper section. 

The ceiling type has the appearance of a unit heater, with its propeller 
type fan blowing air through a bank of coils. Singly or in combination, 
they are easily installed and occupy little or no useful space. Alterations 
may be accomplished with little cost by relocating units or adding addi- 
tional ones for increased capacity. 

The floor mounted types employ blower type fans, as their air deliveries 
are higher and their locations may be remote from the space to be refrig- 
erated. Air velocities and volumes must be designed for the individual 
application. Due to the small temperature difference between coil and 
air, the air volumes handled are many times greater than in comfort air 
conditioning work. Where a defrosting cycle is not practicable, this type 
of unit may employ a pump to spray a eutectic solution over the coils 
for the purpose of avoiding frosting. 

Ratings. In order to rate and test equipment of this kind which nor- 
mally operates below the frost temperature, a proposed code, Standard 
Methods of Rating and Testing Forced-Circulation and Natural Con- 
vection Air Coolers for Refrigeration®, has been issued. In this standard, 
the gross cooling effects are taken since the motor power input equivalent 
is to be computed as part of the load. 
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Cooling, Design Conditions, Water-Cooling Tower Design, 
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A ir humidification is effected by the vaporization of water and always 
, requires heat from some source. This heat may be added to the 
water prior to the time vaporization occurs or it may be secured by a 
transformation of sensible heat of the air being humidified to latent heat 
as the vapor is added to the air. The thermodynamics of the process are 
discussed in Chapter 3. The removal of moisture from air may or may 
not involve the removal of heat from the air-vapor mixture. With spray 
equipment, dehumidification of air always necessitates the removal of heat. 

AIR WASHERS 

An air washer consists essentially of a chamber or casing in which is 
provided a spray nozzle system, a tank at the bottom of the chamber for 
collecting the spray water as it falls, and an eliminator section at the 
leaving end of the chamber for removal of drops of entrained moisture 
from the delivered air. Air is drawn through the casing of the washer, 
where it comes into intimate contact with the spray water. A heat 
transfer takes place between the air and water, resulting in either humi- 
dification or dehumidification of the air, depending upon the method of 
operation and the relative temperatures of air and spray water. 

To prevent backlash of spray ahead of the washer chamber and to aid 
in more uniform air distribution, inlet diffusion plates or eliminator 
baffles, where necessary, are provided in the air entrance end of the air 
washer. Inlet diffusion plates are used when the air flow and water spray 
are in the same direction; eliminator baffles of special design are used 
where one or more of the water sprays opposes the air flow. At the 
outlet end of the washer suitable flooded eliminator plates are used. 
These plates, for the removal of entrained moisture, usually cause four 
to six changes in direction of the air flow. 

Figs. 1 and 2 show the essential construction features of conventional 
air washers. Intimate contact between the air and the water is secured; 
(1) by breaking the water into fine drops, (2) by passing the air over sur- 
faces continuously wetted by water, or (3) by a combination of the two. 

The wetted surfaces in an air washer may be of fibre glass, metal or 
scrubber plate construction. Scrubber plate types of washers are generally 
used to wash reclaimable products from the air and are composed of 
several baffle type plates located across the air stream. Water is supplied 
at the top of the washer to spray over these plates. In the case of the 
fiber ^ass or metal surfaces the water spray is usually rather coarse and at 
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low pressure. In many cases these sprays are set at an an^e with the air 
flow. Air washers of this tyjpe not only perform necessa^ heat transfer 
functions, but also are effective removers of dust and dirt from the air 
stream. 

Essential requirements in the air washer operation are : uniform distri- 
bution of the air across the chamber section, moderate air velocity of 
from 250 to 600 fpm in the washer chamber, an adequate amount of 
spray water broken up into fine droplets throughout the air stream, at 
pressures of from 15 to 30 psig, sumcient length of travel through the 



Fio. 1. Typical Single-Bank Air Fig. 2. Typical Two-Bank Air 

Washer Washer 


water spray and wetted surfaces, and the elimination of entrained mois- 
ture from the outlet air. 

Expected performances, physical size, length, number of sprays, etc., 
vary greatly, depending upon the functions of the installation. In general, 
the width and height of an air washer are dictated by the space available. 
Washers of nearly equal height and width are desirable from an air flow 
and economic standpoint although not necessary. The length of washers 
varies considerably. A space of approximately 2| ft between spray banks 
is used and the first and last banks of sprays are located about 1 ft to 1^ ft 
from the entering or leaving end of the washer. In addition air washers 
are very often furnished with cooling coils or heating coils within the washer 
chamber and the use of these coUs affects the overdl length of the washer^ 

Where increase of overall heat transfer between the air and water is 
required, multistage washers are used. These washers are equivalent to 
a number of washers in series and the water is often pumped from one 
stage to the other where conditions permit. 

The resistance to air flow through an air washer varies with the type 
of eliminator and wetted surfaces, number of banks of spray and their 
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direction, air velocity, size and type of other resistances such as cooling 
and heating coils, and other factors such as air density. Resistances vary 
from as low as i in. to higher than 1 in. water column and it is therefore 
necessary that the manufacturer be consulted in regard to the resistance of 
any particular washer design involved. 

HUMIDIFICATION WITH AIR WASHER 

Air humidification can be accomplished in three ways with an air washer. 
These are: (1) use of recirculated spray water without prior treatment of 
the air, (2) preheating the air and washing it with recirculated spray water, 
and (3) using heated spray water. In any air washing installation the air 
should not enter the washer with a dry-bulb temperature less than 35 F 
in order to eliminate danger of freezing the spray water. 

Method 1. Except for the small amount of energy added from outside 
by the recirculating pump in the form of shaft work, and for the small 
amount of heat leak from outside into the apparatus, including the pump 
and its connecting piping, the process would be strictly adiabatic. 
Evaporation from the liquid spray would therefore be expected to bring 
the air immediately in contact with it to saturation adiabatically ; and, 
since the liquid is recirculated, its temperature would be expected to 
adjust to the thermodynamic wet-bulb temperature of the entering air. 

It does not follow from the foregoing reasoning that the whole air stream 
is brought to complete saturation, but merely that its state point should 
move along a line of constant thermodynamic wet-bulb temperature as 
explained in Chapter 3. The extent to which the final temperature 
approaches the thermodynamic wet-bulb temperature of the entering air, 
or the extent to which complete saturation is approached is conveniently 
expressed by a ratio known as humidifying effectiveness or saturating 
effectiveness and is defined: 


eh 


ti-t' 


( 1 ) 


where 

Ch = humidifying effectiveness, per cent. 

ti « dry-bulb temperature of the entering air, Fahrenheit degrees. 
ti « dry-bulb temperature of the leaving air, Fahrenheit degrees. 

V =* thermodynamic wet-bulb temperature of the entering air, Fahrenheit 
degrees. 

The following may be taken as representative humidifying or saturating 
effectiveness of an air washer for the conditions stated: 


1 bank — downstream 60-70 per cent 

1 bank — upstream 65-75 per cent 

2 banks — downstream 85-90 per cent 

2 banks— 1 upstream and 1 downstream 90-95 per cent 

2 banks — upstream 90-95 per cent 


The humidifying or saturating effectiveness of a washer is dependent 
upon the essential items of design mentioned under Air Washers. Other 
conditions being the same, low velocity of air fiow is more conducive to 
higher humidification effectiveness. 

Method 2, The preheating of the air increases both the dry- and wet- 
bulb temperatures, lowers the relative humidity, but does not alter the 
humidity ratio (pound water vapor per pound dty air). At a higher wet- 
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Table 1. Avebaue Maximum Water Main Tempebatubbs* 


8tatb 


Ala. 

Ark. 

Ariz. 

Calif. 


Colo. 

Conn. 


D.C. 

Del. 

Fla. 


Ga. 

Idaho 

ni. 


Ind. 

Iowa 

Kans. 


Ky. 

La. 


Me. 

Md. 


City 


Birmingham. . . . 

Mobile 

Little Rock . . . 

Phoenix 

Tucson 

Anaheim 

Berkeley 

Fresno 

Fullerton 

Glendale 

Loe Angeles ... 

Oakland 

Ontario 

Pasadena 

Pomona 

Riverside 

Sacramento ... 
San Bernardino 
San Diego. . . 
San Francisco . 

Whittier 

Denver 

Bridgeport 

Hartford 

New Haven 

Waterbury. . . 
Washington ... 

Wilmington 

Jacksonville. . . . 

Mi<«-™i 

Tampa 

Atlanta 

Macon 

Boise 

Chicago 

Cicero 

Evanston 

Moline 

Peoria 

Rockford 

Springfield 

Evansville 

Gary 

Indianapolis ... 

South Bend 

Terre Haute 

Cedar Rapids. . 

Des Moines 

Sioux City 

Concordia 

Kansas City... 

Topeka 

Wichita 

Louisville 

Baton Rouge... 

New Orleans 

Shreveport .. . 

Augusta 

Baltimore 


72 


75 


State 


Mass. 


Mich. 


Minn. 

Mo. 

Nebr. 

Nev. 
N.H. 
N. J. 

N. Y. 


N. C. 


N. M. 
Ohio 


City 


OkU. 


Boston 

Cambridge .. 
Fall River 

Lowell 

Lynn 

New Bedford 

Salem 

Worcester. ... 
Detroit ... . 

Hint 

Grand Rapids. 
Highland Park 
Jackson. 
Kalamazoo . 
Lansing . .. 
Saginaw . . . 
Duluth . 
Minneapolis 
St. Paul . 
Jefferson City. . 
Kansas City 
Springfield . 
St. Joseph . . 
St. Louis 
Springfield 
Lincoln ... . 
Omaha. 

Reno 

Manchester 
Jersey City 
Newark ... . 
Paterson . 
Trenton 
Albany 
Buffalo . . . 

Jamaica . 

Mt. Vernon 
New Rochelle 
New York . 
Rochester 
Schenectady 
Syracuse . 

Utica 

Yonkers . 
Asheville 
Charlotte. 
Raleigh 
Winston-Salem 
Albuquerque .. 

Akron 

Canton 

Cincinnati.... 
Cleveland ... 
Columbus ... . 

I)a 3 rton 

Lakewood . . . 
Springfield 
Toledo . 
Oklahoma City 


i 

State 

City 

i 

M 

H 



H 

80 


Tulsa 

86 

70 

Ore. 

Eugene 

60 

76 


Portland 

65 

50 

Pa. 

Altoona 

74 

68 


Erie 

75 

70 


Johnstown 

74 

68 

76 


McKeesport 
Philadelphia . 

82 

85 

77 


Pittsburgh. . . 

86 

70 

R. I. 

Providence 

68 

84 

S. C. 

Charleston 

83 

77 


Greenville 

81 

56 


Spartanburg . . . 

78 

53 

S. D. 

BLapid City . 

65 

64 

Tenn. 

Chattanooga . ... 

84 

82 


Knoxville . . . 

60 

55 


Memphis 

85 

85 


Nashville 

00 

80 

Texas 

Amarillo 

70 

82 



00 

84 


Beaumont 

86 

82 


Dallas 

86 

84 


El Paso 

85 

85 


Fort Worth... 

85 

74 


Galveston 

00 

70 


Houston 

83 

85 


Port Arthur 

83 

70 


San Antonio 

78 

76 


Wichita Falls 

85 

63 

Utah 

Logan 

44 

75 


Salt Lake City. . . . 

65 

78 

Va. 

Fredericksburg .. . 

75 

79 

68 


Lynchburg .... 
Norfolk 

73 

80 

78 


Richmond 

85 

56 

Wash. 

Olympia 

58 

74 

Settle 

62 

75 


Spokane 

51 

72 


Tacoma 

57 

70 

W.Va. 

Charleston 

85 

60 

Huntington 

78 

74 


Wheeling 

78 

66 

Wis. 

LaCrosse 

54 

70 

Madison 

58 

74 


Milwaukee 

75 

85 

02 

82 


Racine 

68 

— 

- ' 

i 

65 

Pbov- 


i 

76 

IMCB 


1 

50 




84 
! 77 

Alta. 

Calgary. 

64 

84 

B. C. 

Vancouver 

60 

! 60 

Ont. 

London 

50 

> 82 


Toronto 

63 

72 

P.E.I . 

Cliarlottetown . 

48 

1 83 

Que. 

Montreal 

78 

1 “ 

Quebec 

68 


* These averages taken from various city water main locations, with some actual values slightly higher 
and some lower than values shown. Some values were supplied by H. E. Degler, Marley Company. Some 
were obtained from City Water Department records. The highest values given by the various authorities 
are usually those listed. 


bulb temperature but the same humidity ratio, more water can be ab- 
sorbed per pound of diy air in passing through the washer, assuming 
t^t the humidifying effectiveness of the washer is not adversely affected 
by operation at the higher wet-bulb temperature. The analysis of 
the process occurring in the washer itself is the same as that explained 
under Method 1. The final desired conditions are secured by adjusting 
the amount of preheating to give the required wet-bulb temperature 
at entrance to the washer. 
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Method S. Even if heat is added to the spray water, the mixing occur- 
ring in the washer itself may still be regarded as adiabatic. The state 
point of the mixture should move in a direction determined by the specific 
enthalpy of the heated spray as explained in Chapter 3. It is possible, 
by elevating the water temperature, to raise the air temperature, both 
dry-bulb and wet-bulb, above the dry-bulb temperature of the entering air. 

In each of the methods, 1, 2 or 3, the air leaving the air washer may 
require reheating to produce in the conditioned space the required dry- 
bulb temperature and relative humidity. 

DEHUMIDIFICATION AND COOLING WITH AIR WASHERS 

Cooling of the wet-bulb temperature of an air vapor mixture can be 
accomplished by an air washer if the temperature of the spray water is 
lower than the wet-bulb temperature of the air. Moisture removal is 
obtained when the spray water temperature is lower than the dew-point 
of the entering air. In these cases the final dry-bulb temperature and 
relative humidity of the leaving air are dependent upon the design factors 
of the air washer. 

Both sensible and latent heat are removed in the process of dehumidi- 
fication by cold spray water. Abstraction of sensible heat occurs during 
the entire time that the air is in contact with the spray medium. Latent 
heat removal takes place as condensation occurs. Therefore, the lower 
the spray temperature the greater the amount of moisture removal per 
pound of dry air, all other conditions remaining the same. 

Washers with two or more banks of spray are usually selected for 
dehumidifying installations, whether for comfort or industrial instal- 
lations. Generally such air washers cool the air to within one or two 
degrees (Fahrenheit) of the leaving spray water temperature; this dif- 
ferential will increase somewhat when the difference between the entering 
wet-bulb and leaving dew-point is relatively large. 

Where a limited supply of cold water is available multiple stage washers 
may be used to great advantage. In such washers the cool water is pumped 
through the multiple spray systems in series and counterflow to the air 
flow. Such an arrangement brings the delivery air in contact Avith the 
coldest water, securing a maximum amount of cooling with economy of 
water. 

When using cold well water or water from city water mains care should 
be used to secure accurate data on the water temperatures. Table 1 lists 
some approximate water main averages which may be used as a guide but 
they should be verified from local records. This is particularly true with 
city water main temperatures. In the case of well water temperatures 
Fig. 3 shows the approximate temperatures of water to be expected from 
wells at depths of 30 to 60 ft. 

Air washers for dehumidifying and cooling usually have separate recircu- 
lating pumps. These pumps deliver a mixture of cold and recirculated 
water under the control of a three-way valve. The valve may be actuated 
either by a thermostat in the washer outlet or by a humidity or other con- 
troller in the space being conditioned. 

Air washers for dehumidifying are very often furnished with direct 
expansion or water cooling coils within the washer space, in which case 
water for the washer sprays is entirely recirculated. 
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Fig. 3 . Approximate Well Water Temperatures at Depths of 30 to 60 Ft^ 
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APPARATUS FOR DIRECT HUMIDIFICATION 

Humidifiers may be divided into the following general types, according 
to the method of operation: (1) indirect, such as the air washer, which 
introduces moistened air; and (2) direct, which sprays moisture into 
the room or introduces moisture by*means of steajn jets. 

As in the cases of humidification by use of an air washer, the heat 
necessary for the vaporization of the moisture added to the air by direct 
humidification is secured either from heat stored in the spray water or by 
a transformation of sensible to latent heat in the air humidified. In the 
latter case the enthalpy of the air remains constant but the dry-bulb 
temperature of the air is reduced. 

Direct humidification is usually preferable where high relative humidi- 
ties must be maintained, but where there is little cooling or ventilation 
required. In comfort air conditioning, where both humidification and 
ventilation are required, the indirect humidifier is preferable. In indus- 
trial applications, where the cooling or ventilation load is large and where 
very high relative humidities must be maintained, a combined system 
employing both direct and indirect humidifiers is sometimes used. 

Spray Generation 

Spray generation is obtained by (1) atomization, (2) impact, (3) hy- 
draulic separation, and (4) mechanical separation. 

Atomization involves the use of a compressed air jet to reduce the water 
particles to a fine spray. With the impact method, a jet of water under 
pressure impinges directly on the end of a small round wire. Where 
hydraulic separation is employed, a jet of water enters a cylindrical chamber 
and escapes through an axial port with a rapid rotation which causes it 
immediately to separate in a fine cone-shaped spray. In the mechanical 
separation process, water is thrown by centrifugal force from the surface 
of a rapidly revolving disc and separates into particles sufficiently small to 
be utilized in certain types of mechanical humidifiers. 

Spray Distribution 

Spray distribution is obtained by (1) air jet, (2) induction, and (3) fan 
propulsion. 

The air jet which generates the spray in atomizers also carries the spray 
through a space sufficient for its distribution and evaporation, and this 
method of distribution is termed air jet. Where distribution is obtained 
by induction, the aspirating effect of an impact or centrifugal spray jet is 
utilized to induce a current of air to flow through a duct or casing, and 
this air current distributes the spray. Fan propulsion obviously consists 
of the utilization of fans to entrain and distribute the spray. 

Industrial type direct humidifiers are commonly classified as (1) atomiz- 
ing, (2) high-duty, (3) spray and (4) self-contained or centrifug^. 

Atomizing Humidifiers 

There are several types of atomizing humidifiers which employ nozzles 
placed within the room and rely upon compressed air to effect complete 
atomization of the water so that it can be converted to vapor by the heat 
of the room air. Some of these nozzles depend upon an aspirating effect 
to draw the water into the nozzle and atomize it, others operate on a com- 
bined air and water pressure. It is usual for nozzles of the water pressure 
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t3rpe to be controlled by a diaphragm valve actuated by the pressure of the 
atomizing air. 

High-Duty Humidifiers 

Water is supplied to high-duty humidifiers under high pressure (usually 
about 150 lb per square inch) through pipe lines from a centrally-located 
pumping unit. The spray-generating nozzle which is of the impact type 
is located in a cylindrical casing. A drainage pan provides for the collec- 
tion and return of unevaporated water which flows through a return pipe 
to a filter tank, from which it is recirculated. A powerful air current is 
forced through the humidifier by means of a fan mounted above the unit. 

The air enters from above, is drawn through the head, charged with 
moisture, and cooled. It then escapes from the opening below at a high 
velocity in a complete and nearly horizontal circle. The spray is evapo- 
rated and the resulting vapor diffused. This distribution of tine spray over 
the maximum possible area promotes complete and rapid vaporization. 

Spray Humidifiers 

This type of humidifier consists of an impact spray nozzle in a cylin- 
drical casing with a drainage pan below it. The aspirating effect of the 
spray nozzle induces a moderate air current through the casing which 
distributes the entrained spray. The general method of circulating and 
returning the water is similar to that employed for high-duty humidifiers. 
A suitable pump and centrally-located filter tank are required. 

Self-Contained Humidifiers 

The self-contained or centrifugal humidifier has the ability to generate 
and distribute spray without the use of air compressors, pumps, or other 
auxiliaries. These may be used cither singly or in groups. In large 
installations, where suitable connections are provided to permit the cleaning 
and servicing of individual units without affecting the room as a whole, 
group control of the water and power may be employed. 

WATER-COOLING TOWERS 

The removal and dissipation of heat from a compressed refrigerant or 
from exhaust steam are important factors in the efficient operation of a 
refrigerating plant or an electric steam-generating station. This heat 
removal is generally accomplished by first transferring the heat of the gas 
to cooling water in a heat exchanger. The water, if cheap or plentiful, 
may be wasted to the nearest sewer or open waterway such as a river or 
lake. Where water usage is restricted or expensive or where the available 
water contains dissolved salts which would form scale on the heat-exchange 
apparatus, it is necessary to recirculate the water, and to cool it, after each 
passage through the heat-exchanger, by contact with moving air in some 
type of water-cooling apparatus. 

Water Use and Conservation 

Many communities have found that present water systems are not 
sufiSciently large to satisfy the increasing demands of domestic and industrial 
users. The reasons for such shortages are primarily: (a) inadequate 
purification and water-distribution systems, (b) inadequate sanitary and 
storm-sewer disposal systems, or (c) inadequate sources of water. 

Even when an adequate supply of water is available from the water 
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mains or private wells, many cities do not have sufficient sanitary or storm 
sewer facilities to handle increasing demands. The sanitary systems are 
usually limited because of the capacity of the filtration plants, and therefore 
many cities restrict the use of the sanitary system to sewage. 

Rivers and Lakes ^ 

Until the year 1920, large generating stations were usually located on the 
banks of rivers, lakes, or artificial ponds. The removal and dissipation of 
the heat from the Diesel cylinder or the exhaust steam of a turbine was 
accomplished by taking in the circulating water at a considerable distance 
from the discharge, thus preventing mixing of the heated discharge with 
the inlet water. The use of water from streams for this purpose has the 
following disadvantages : the site may be far removed from the fuel source 
or from power consumers ; water supply may limit plant expansion ; munici- 
pal restrictions on use of water may hamper operation; costly intake struc- 
tures with screens and sediment basins may be required ; drastic flood or 
drouth conditions, the vagaries of most rivers, upstream pollution, scale- 
forming constituents, debris, sand, algae, and formation of troublesome 
ice may cause operating difficulties. 

When lakes and cooling ponds have been used as a source of circulating 
water, the hot water is discharged close to the surface at the shore line. 
Natural air movement over the surface of the water causes evaporation 
over that area, thus carrying the heat away at a rate of about 4 Btu 
per (hr) (sq ft) (F deg. temp, difference between air and water). Increased 
density of the water due to loss of heat causes the cooled water to sink to 
the bottom of the pond. The suction connection is therefore located as 
far below the surface as possible and at as great a distance from the dis- 
charge as practicable. The area required by such cooling ponds is about 
50 times that of a spray pond or about 1000 times that of a water-cooling 
tower to dissipate the same quantity of heat and achieve equal operating 
costs. If the surfaces of such ponds were below the level of surrounding 
terrain and the shore were wind-sheltered by trees or other vegetation, so 
that natural air movement across the surface of the water would be re- 
tarded, the use of a spray pond or water-cooling tower would be indicated. 

SPRAY COOLING PONDS 

The spray pond consists of a water collecting basin, above which spray 
nozzles are located in an arrangement such as shown in Fig. 4 to spray 
the water upwards into the air. Properly designed spray nozzles break 
the water into small drops, but not into a mist. Since the objective is to 
cool the pond water, the individual drops must be heavy enough to fall 
back into the pond and must not float away in the air. The water surface 
exposed to the air passing over the pond becomes the inte^ated area of all 
the small drops. The spray pond requires about one-fiftieth of the space 
required by the cooling pond to dissipate the same quantity of heat with 
equal results, due to four factors: (1) the speed with which the drops are 
propelled into the air and fall back into the water basin; (2) the increased 
wind velocity at a point above the surrounding obstruction; (3) the in- 
creased volume of air delivery due to the greater vertical cross section of 
air permissible; and (4) the vastly increased area of contact between water 
and air.^ 

Spray pond effectiveness is increased by: (1) elevating the nozzles to a 
higher point above the surface of the water in the basin, (2) increasing 
the spacing between nozzles of any one capacity, (3) using snudler capacity 
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nosiles to decrease the concentration of water per unit area, and (4) using 
smaller nozdes and increasing the pressure to maintain the same concen- 
tration of water per unit area. 

It is usual practice to locate the nozzles from 5 to 12 feet above the 
surface of the water (dependent also upon depth of water and curb level) 
with water supply at 5 to 7 psig pressure at the nozzles. Nozzles spray 
from 25 to 60 gpm each and the nozzles are spaced so that the average 
water delivered to the surface varies from 0.1 gpm (small ponds) to 0.4 gpm 
(large ponds) per square foot. See Table 2 for additional spray pond 
desi^ data. Best results are obtained by placing the nozzles in a long, 
relatively narrow area, located broadside to the wind. 

Louver fences to prevent the carrying of entrained water beyond the 
edge of a spray pond by the air on the leeward side are required for all roof 
locations and for ground locations where space is restricted; the outer 
nozzles should be located at least 20 ft from the edge of the basin. Such 
fences up to 12 ft in height usually are constructed of horizontal overlapping 



louvers supported between vertical posts. The air, in passing between 
these louvers, tends to be freed of the larger drops of water. The louvers 
also restrict the flow of air, particularly at the higher wind velocities, thus 
reducing the possibility of water being carried from the spray cloud. The 
height of an effective fence should be equal to the height of the spray cloud. 
Algae formations may be a nuisance in a spray pond. Such growths are 
minimized by the periodic addition of bromine, chlorine, chlorinated lime, 
copper sulfate, or various blends of chlorophenates (see Chapter 51). 

The performance of a spray pond is limited because of space requirements 
and the probable high cost of piping and pumping. Water-cooling towers, 
however, allow the designer a wider range of performance within a given 
space because of the possibility of altering the smaller physical dimensions 
or vaiying the water concentration, measured in gdlons per (minute) 
(square foot of tower area) . In most cooling towers the water is broken up 
into drops many times whereas with the spray pond it is broken up only 
once and consequently in the latter the rate of cooling diminishes rapidly 
as the temperature of the surface of the drop approaches the wet-bulb 
temperature of the ambient air. 
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ATMOSPHERIC COOUNO TOWERS 

Spray-fiUed atmospheric cooling iotoers are used for oi^n-area installatioaB 
because of their dependence upon the velocity and direction of the wind. 
Operation is not so limited as with spray ponds, but the design is generally 
baaed on a 3 mph wind and the performance falls off rapidly as the ambient 
air velocity decreases. These toweirs require les8.basin area, less piping, 
and no more mechanical equipment than spray ponds, but these savings 
may be largely offset by the extra cost of the structure. The drift nuisance 
is similar to that of spray ponds. The word tower used in this connection 
is a misnomer, as the design simulates a narrow spray pond with length 
twice the width, or more, having elevated nozzles and a high louver fence. 
As usually built, the nozzles spray downward from the top of the structure, 
and the distance from the center of the nozzle system to the louvers on 
either side is not more than half the distance that the nozzles are elevated 


Table 2. Sprat Pond Design Data 
Convmlional Up-Spray System 



Unitb 

Stanoabo 

Mznxmxtm 

MAxniuii 

Water Capacity per nozzle 

gpm 

1 

35 to 50 

25 

60 

Nozzles per 12 ft length of pipe 

6 

4 

6 

Height of nozzles aboTe water level 

ft 

6 

5 

12 

Nozzle pressure 

psig 

6 

5 

7 

Size of nozzles and nozzle arms 

in. 

2 

li 

2 

Distance between spray lateral piping 

Distance nozzles from pond side unfenced — 

ft 

25 

13 

38 

ft 

25 to 35 

20 

50 

Distance nozzles from pond side fenced 

ft 

15 to 20 

15 

25 

Height of louver fence 

ft 

12 

12 

12 

Depth pond basin 


4 to 5 

2 

— 

Friction loss allowed per 100 ft pipe 

! ft 

1 to 3 

— 

— 

Design wind velocity. . . .... j 

1 mph 

^ 1 

1 1 

3 1 

— 


above the water-collecting basin. Heights range from 6 to 15 ft, with the 
total width of the structure usually not greater than the hei^t. Loadings 
range from O.G to 1.5 gpm per sq ft of tower area, and hence require about 
one-fourth the area of an equivalent spray pond. As the louvers are 
wetted continuously they add to the surface of water exposed to the 
cooling air. The spray-filled atmospheric tower is shown in Fig. 5. 

Much of the atmospheric water cooling for refrigeration work during 
the past 30 years has been done ivith natural-draft deck type towers, also 
referred to as atmospheric deck towers, see Fig. 6. These towers consist 
of a sturdy wooden or steel frame 20 to 50 ft high and 8 to 16 ft wide, 
carrying open horizontal wooden latticework or decks at regular intmvals 
from top to bottom. The hot water is distributed over the upper part of 
the structure by means of troughs, splash heads, or nozzles, and drops 
from deck to deck enroute to the basin. The purpose of ^e decks is 
primarily to arrest the fall of the water, to break and re-break it into drops 
so as to present the most efficient cooling surface to the air, which is passing 
through the tower transversely to the decks. The wooden decks also add 
to the area of water surface exposed to the air, but since they offer resistance 
to the flow of air, the number and arrangement of the decks depend upon 
baric tests and operating experience. 

To prevent loss of water on the leeward ride of the tower, wide louvers 
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(drift eliminators) are attached at regular intervals from top to bottom, 
these louvers extend outward and upward at an angle of 45 to 50 deg. In 
most designs the top edge of each louver extends above the bottom edge 
of the one above. These louvers serve the same function as a louver fence 
around a spray pond, namely to stop the water drops carried by the air 
beyond the open area of the tower, and to control the quantity of air 
permitted to pass through the tower. 

The efficiency of a deck tower is improved primarily by increasing length 
or height, or both, within limits ; the length and height increase the area 
of tower exposed to the wind. The improvement is not directly propor- 
tional to the change made in either case. Neither does a certain percentage 



Fig. 6. Speay Filled Atmospheric 
Cooling Tomteb 



change of one dimension make an equal improvement in efficiency on two 
equal towers of different original lengths or heights. Since the range of 
efficiency varies through wide limits, it is impracticable to attempt to 
list data here on the area required per unit quantity of water. Improved 
efficiency due to added height is obtained at the expense of additional 
pumping head and increased weight i^r unit of area, whereas improvement 
gained by greater length or width will increase the area and consequently 
the foundation required. 

Drift loss in a properly designed deck tower is considerably less than 
in the spray pond, but the drift nuisance may be considerable and for this 
reason atmospheric deck towers are unsuitable for downtown building 
roofs, locations adjacent to buildings, or near expensive mechanical equip- 
ment in industrial plants. They must be located in an open area, broad- 
side to the prevailing wind. They are inefficient with less than 3 mph 
wind velocity and with wind directions other than broadside. These 
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towers are long and hi^ in proportion to width and must be securely 
anchored to prevent uplSt or overturning during high win^. Hig h pump- 
ing requirements (30 to 60 ft) and total dependence upon atmospheric 
caprice, especially wind (quantity and direction), are disadvantages. 

Due to new uses and growth of demand in recent years requirements for 
water-cooling equipment have become increasin^y varied and exacting, 
necessitating refinements and specialized adaptations. The principal de- 
mand for large water-cooling systems in recent years has come from the 
petroleum industry and steam power plants. Refrigeration, air con^- 
tioning, and engine-jacket cooling service today employ a large percentage 
of the medium sized and small water-cooling towers installed. 

MECHANICAL DRAFT TOWERS 

The mechanical draft tower consists usually of a vertical shell constructed 
of wood, metal, transite, or masonry. Water is distributed near the top. 



Fio. 7. Forced Draft Coolino Tower 


uniformly over the area, and falls to the collecting basin in the bottom, 
passing through air which is being circulated in the tower from bottom to 
top by forced or induced draft fans, or which is circulated horizontally in 
crossflow towers by induced draft fans. 

In vertical towers the air passes counterflow to the water and is in con- 
tact with the hottest water just before leaving the tower; hence a given 
quantity of air picks up more heat than the average equal quantity of air 
on natural draft equipment. This permits the water to be cooled with 
the least quantity of air required by any type of cooling equipment. As 
movement of air through the towers is obtained by power-consuming fans 
it is essential that this air quantity and the draft loss be reduced to a mini- 
mum so as to secure low operating cost. 

The inside of a mechanical draft tower may be spray filled, i.e., the water 
surface is presented to the air by filling the entire inside of the structure 
with water droplets from the spray nozzles, or it may be pack^ \vith wood 
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filling over which the water cascades from top to bottom. In many cases, 
a combination of the spray-filled and wood-filled design is used. 

The /creed dr^ type of tower (Fig. 7), has the advantages of being suit- 
able for corrosive waters and having the fan mounted near the groimd 
level on a ripd foundation where it is easily accessible. 

The heated air leaves l^e top of a forced draft tower at a low velocity 
and may be subject to redrculoHon to the fan inlet, with consequent reduc- 
tion in performance. This reduction could be as much as ^ per cent 
under certmn conditions. During cold weather, recirculation may cause 
ice formation on adjacent equipment and buildings as well as in the tower 



fan ring with possible resultant fan breakage. Fan sizes are limited to 
12 ft or less, and therefore more fans, motors, starters, and wiring are 
needed than for induced draft towers. Induced draft towers, since fans 
and motors are not visible, are therefore somewhat more adaptable to 
architectural treatment. 

In the spray-jiMed mechanical draft tower, the area presented to the air 
is the combined surface area of the small drops present in the tower at 
any one time. The net free cross-sectional area of the air spaces in a 
spray-filled tower is ^eater than that of the wood-filled tower for the same 
p^ area. Before discharging to the atmosphere, the water-laden exhaust 
air passes through a drift eliminator to remove entrained moisture. This 
t3rpe of tower is particularly applicable for installations In restricted areas 
where city ordinances require fire-proof construction. 

In the wood-filled tower, lumber of various cross sections is laid hori- 
zontally across the space on as dose centers, horizontally and vertically, 
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as required, ydthout introducing too great a resistance to air flow. The 
water is distributed over the top layer by means of spray nozzles, troughs, 
splash heads, or through evenly spaced nozzles located in the floor of an 
overhead open-type water distribution basin, and drops from piece to 
piece of the wood filling as it progresses downward. As the air moves 
upward or across the wood filling, thef latter presents a large wetted surface, 
repeatedly breaks up the falling drops of water, and continuoudy provides 
new drop surfaces whose integrated areas are several times that of the 
wood-fill area. 

The efficiency of a mechanical draft tower is improved by increasing the 
amount of filling, height, area, or air quantity. Increasing the height 
increc^s the len^h of time the air is in contact with the water, without 
affecting seriously the fan power required, but increases the pumping power. 
Increasing the area while maintaining constant fan power increases the 
air quantity somewhat and because of lowered velocity increases the time 
this air is in contact with the water. The surface area of water in contact 
with the air is increased in both cases. Increasing the air quantity de- 
creases the time the air is in contact with the water, but since a greater 
quantity of air is passing through, the average differential between the 
water temperature and wet-bulb temperature of the air is increased, and 
this speeds up the heat transfer rate. Increased air quantities are obtained 
only at the expense of increased fan power, which increases approximately 
as the cube of the air handled by fans of the disc type. 

The performance of mechanical draft towers is independent of wind 
velocity, hence it is possible to design them for more exacting performance. 
They require less space and less piping than atmospheric deck towers, 
and the pumping head varies from 11 to 26 feet, depending upon the design. 
Overall plant economy due to colder water temperature usually more than 
offsets the additional operating expense and initial cost as compared with 
those of atmospheric towers. 

The counterflow (conventional) type of induced draft tower has the fan 
located at the top, Fig. 8, to provide vertical air movement across the 
filling. Air is discharged upward at a high velocity to prevent recircula- 
tion. Another type, for small requirements, has the induced draft fan 
in one end (see Fig. 9) to provide horizontal flow. 

Another induced draft tower, developed for the purpose of obtaining 
compactness, larger capacity, increas^ flexibility and improved per- 
formance, is the cross flow type. This type of tower employs multiple 
fans centered along the top, each fan drawing air through two cells paired 
to the suction chamber which is partitioned midway beneath the fans and 
fitted with drift eliminators that turn the air upward toward the fan outlet. 
This tower obtains a horizontal air movement as water falls in a cascade 
of small drops over the filling and across the air stream with less resistance 
to air flow. The air travel is longer than with the conventional design. 

Air velocities through mechanical draft towers vary from 250 to 400 fpm 
over the gross area of the structure. The air requirements are approxi- 
mately 3% to 400 cfm of air per ton of mechanical refrigeration and about 
100 to 150 cfm of air per gallon of water passing through the tower. Cool- 
ing tower calculations are based upon the fact that mechanical refrigera- 
tion requires approximately 30 gallon-deg of cooling water per minute 
per ton of refrigeration. In atmospheric cooling towers, if 5 ^m were 
circulated, the water-cooling range would be 6 F ; with mechanical draft 
towers, 3 or 4 gpm are usually circulated for a desired water-cooling range 
of 10 or 7} F. Some designs of mechanical draft towers are limited to 6 
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or 7 gpm per sq ft because of blanketing effect while the capacity of the 
most efficient types range up to 9 or 10 gpm. 

When an inside cooling tower is required some adaptation of a spray 
filled or wood filled induced draft tower is often used and occasionally an 
air washer is converted to this service. In this tsrpe of application pre- 
cautions must be taken to prevent the discharged air from short circuiting 
to the intake. 

MECHANICS OF ATMOSPHERIC WATER-COOLING 

The heat exchange in atmospheric water-cooling equipment is accom- 
plished partially by a transfer of sensible heat which raises the wet-bulb 
temperature of the moving air, but most of the cooling is due to an exchange 
of latent heat resulting from the evaporation of a small part of the water. 



Fig. 9. Shall Horizontal Induced Draft Cooling Tower for 3 to 50-ton 
Refrigerating Units 

If all of the water were cooled by evaporation, the rate of evaporation 
would be approximately one per cent for each 10 deg of cooling. In prac- 
tice, the loss of circulating water by evaporation will approximate 1 per 
cent for 12 to 14 deg of actual cooling due to the additional amount of 
cooling by sensible heat transfer, and the rate of evaporation will vary from 
about 0.64 per cent of the water circulated in the winter to 0.88 per cent 
in the summer for a water-cooling range of 10 deg. 

The lowest temperature to which water may be cooled in atmospheric 
cooling equipment is to the temperature of adiabatic saturation, which is 
at the wet-bulb temperature of the air. Performance is measured in 
terms of approach (5 to 10 F deg, with 7 F deg average) of the cooled water 
to the wet-bulb temperature of the ambient air when cooling the water 
through some desired range. The waier-cooling range in some installations 
will vary from 10 to 12 F deg when a spray pond is used, and from 5 to 
17 F deg (with 10 F deg average) for a mechanical draft cooling tower. 

Heat absorption by the moving air in an atmospheric water-cooling 
tower continues as long as the wet-bulb temperature of the air is lower than 
the temperature of the water. The rate of heat transfer depends upon : 
(1) the area of water in contact with the air, (2) the relative velocity of 
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the air and water during contact, (3) the difference between the wet-bulb 
temperature of the air and the initial temperature of the water, and (4) 
the time of contact of the air with the water. The rate of heat dissipation 
is also influenced by many other lesser factors* which further complicate 
the cooling tower design. Ultimate ^election of water-cooling equipment 
for any specified service depends on over-all economic considerations estab- 
lished from correlated performance data. As the enthalpy of the moving 
air increases, its wet-bulb temperature rises (see Chapter 3). Since it is 
impracticable to allow the air to be in contact with the water for a long 
enough time to permit the wet-bulb temperature of the moving air and 
the temperature of the water to reach equilibrium, atmospheric water- 
cooling equipment aims to circulate only enough air to cool the water to 
the desired temperature with least expenditure of power. 

DESIGN CONDITIONS FOR WATER-COOLING 

The maximum wet-bulb (design) temperature at which the total quan- 
tity of circulating water must be cooled through a specified range by water- 


Table 3. Effectiveness of Water Cooling Equipment 


CooLiNQ Equipment 


Spray Ponds 

Spray Filled Atmospheric Towers 

Atmospheric Deck Towers 

Mechanical Draft Towers 


Wateb Cooling EFPBonvENBas—PEB Cent 


Minimum 

Typical 


30 

40 to 50 

60 

40 

45 to 55 

60 

50 

50 to 60 

90 

50 

55 to 75 

93 


cooling equipment is never selected as the highest wet-bulb temperature 
ever known to have occurred for some locality nor the average wet-bulb 
temperature over any period of time. The maximum basis would require 
cooling equipment several times larger than normal capacity, and the 
average basis would result, for a large part of the time, in higher condenser 
temperatures than those for which the plant was designed. 

Accepted design practice for water-cooling towers, evaporative con- 
densers, and spray ponds, is to use the maximum hourly outdoor dry-bulb 
temperature which will be exceeded no more than 2| per cent of the time 
for the months of June to September, also to use the maximum hourly 
wet-bulb temperature which will be exceeded no more than 5 per cent of 
the total hours for the same period. Tabulation of these data has not 
been completed. The limited portion of such data as are available is 
given in Table 3, Chapter 15 for airport weather stations; for other locali- 
ties design dry-bulb and wet-bulb temperatures in use locally are tabulated 
as a guide to design temperatures. More complete summer weather data, 
statistics, charts, maps, and technical analysis have been prepared by 
Albright.^ 

Equipment for steam turbine condensers and internal combustion en- 
gines is usually based upon somewhat lower design temperatures if peak 
loads occur at night or during winter months when outdoor temperatures 
are lower. 

Knowing the hot water temperature and the wet-bulb temperature for 
which the equipment must be designed, the cold water temperature must 
be chosen to place the requirement within the effectiveness range of the 
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type of atmospheric water cooling apparatus to be used. This effective- 
ness is express^ as the percentage ratio of the actual cooling effect to the 
maximum possible cooling effect. Since the wet-bulb temperature of the 
entering air is the equilibrium temperature to which the water could be 
cooled, the effectiveness of water cooling apparatus can be indicated thus : 

(hot water temperature — cold water temperature) X 100 
^ " hot water temperature — wet-bulb temperature of entering air ' ' 


E\ >■ water cooling effectiveness, per cent. 

Magnitudes of this effectiveness ratio will vary through wide limits in 
accordance with construction and conditions of operation. Values indica- 
tive of the commercial range of the effectiveness ratio are given in Table 3, 
although imusual designs may operate outside these ranges. 

Example 1. A mechanical refrigeration installation of l(X)-ton capacity requires 
3 gpm of cooling water with the hot-water temperature at 95 F and the cold-water at 
84 F with a design wet-bulb temperature of 78 F. Find the water-cooling effective- 
ness of a mechanical draft tower for the above conditions. 

Solution, Substituting known conditions in Equation 2, 

96 — 84 

Water-cooling effectiveness X 100 » 64.7 per cent (typical) 

From a consideration of the factors which include the water-cooling 
range and the design wet-bulb temperature of the ambient air, the quan- 
tity of water required can be calculated from the amount of heat to be 
rejected. The average quantities of heat to be removed from various 
types of mechanical equipment that require cooling are listed in Table 4. 

WATER-COOLING TOWER DESIGN 

Because of the many variables* in water-cooling tower calculations and 
performance, it is difficult to provide simple handbook equations and tables 
whereby an engineer can readily select the type and size of unit for a 
definite requirement. Each manufacturer has a semi-confidential method 
of sizing a tower, based largely upon research and actual performance 
correlate with definite requirements ; selection of water-cooling equipment 


Table 4. Heat Absobbed by Cooling Water 


Mechanical Eqxtipment 

Btu pbb Min 
PEB Ton 

Btu pbb Lb 
OF Steam 

Btu pbb 

BHP-HB 

Refrigeration Compressor 

250 





Refrigeration, Absorption System 

Steam Turbine Condenser 

550 

— 

— 

— 

1000 

— 

Steam Jet Refrigerating Condenser 

550 

1100 

— 

Diesel Engine Jacket & Lube Oil: 




Four-cycle, Supercharged 

— 

— 

2600 

Four-cycle, N on-supercharged 

— 

— 

3000 

Two-cycle, Crank-case Compressor 

— 

— 

2000 

Two-cycle, Pump Scavenging, Large Unit. 

— 

— 

2500 

Two-cycle, Pump Scavenging, High Speed. . 

— 

— 

2200 

Natural Gas Engine: 




Four-cycle 

— 

— 

4500 

Two-cycle 

— 

— 

4000 
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for any specified service must ultimately depend upon overall considera- 
tions established from reliable design and performance data. 

Some of the variables encountered in water-cooling tower work are: 
continuously changing air and water temperatures throughout the struc- 
ture; varying moisture content, pressure, and volume of the moving air; 
caprice of the weather, ambient air changes in temperature, humidity, 
wind velocity and direction, and the amount of sunshine. Other less 
important physical properties of the air and water affecting tower per- 
formance are : density, specific heat, conductivity, viscosity, vapor pressure, 
surface tension, latent heat, coefficient of expansion, vapor diffusivity, 
emissivity, and molecular weight. The air velocity, overall and in dif- 
ferent parts of the tower, is an important heat transfer factor; also the 
type of air movement provided, whether natural draft, forced draft, induced 
draft, counterfiow, or crossflow design. Different details of construction 
will produce dissimilar velocities of water, its distribution and diffusion, 
size of the drops, jets, sprays, and sheets as affected by the pressure and 
elevation of the water supply system, as well as the adsorption and inter- 
facial surface tension of the wetted tower areas. 

Dissolved gases and other impurities in the water influence the water- 
cooling process. Additional cooling tower variables affecting its perform- 
ance include: location (^ound, roof, nearby obstructions, wind orienta- 
tion), dimensions, relative proportions (contour) of tower structure, 
materials, type and arrangement of interior surfaces ; the louver and drift- 
eliminator designs as they facilitate the air flow to and from the tower; 
temperature of the structure at different points as influenced by the external 
and internal conditions. Other cooling tower factors to be considered are: 
loss of water by entrainment (drift loss), design and location of water- 
collecting basin, and surface evaporation therefrom, also the noise generated 
by the air, water, fan, and structure vibration. 

Basically, a water-cooling tower is a heat exchanger in which heat flows 
from the water to the air: (1) by a flow of sensible heat from the warm 
water to the cooler air, and (2) by an exchange of latent heat resulting 
from the evaporation of a small part of the circulating water to increase 
the humidity ratio of the air by a corresponding amount. The general 
principles involved are similar to those encountered in the processes of 
diffusion in absorption and extraction equipment.*** 

Details of the application of the process to water-cooling tower perform- 
ance have been published by various authorities, and those 

interested in the derivation of the various equations should refer to these 
references, as listed at the end of this chapter. The approach in each case 
is based on a heat balance in which the total heat given up by the water 
equals the total heat absorbed by the air. These derivations are also 
based on certain assumptions, viz : that the specific heat of water is unity 
at the temperatures encountered; that there is no loss in weight of the 
circulating water as a result of evaporation ; that the water suspended in 
the tower is surrounded by a film of air which is saturated with water vapor 
and at the temperature of the water surrounded ; and that the basic theory 
of cooling tower operation proposed by Lewis^* and developed by Merkel^^ 
is applicable. This theory refers to the fact that the numerical value of 
the coefficient of sensible heat transfer when divided by the numerical 
value of the coefficient of diffusion equals the specific heat (at constant 
pressure) of air. The reader should observe that this relationship refers 
to the numerical values of three distinct constants, the units for each being 
different. The above relationship makes it possible to simplify the heat 
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transfer equation by combining the two driving forces into one potential 
represented as the deference between the enthalpy of the air film (at 
water temperature) surrounding the water and the enthalpy of the main 
air stream. 

Tower Performance Factor 

The operations taking place in a typical water-cooling tower are shown 
in Fig. 10. If the reduction in water fiow rate due to evaporation within the 
volume is neglected, and the usual concepts of heat flow and mass heat 
transfer are applied the equations typifying cooling tower operation are : 

CONDITIONS 1 

WATER L 
. FLOW LB PER HR 




ACTIVE 

TOWER 

VOLUME 


AIR 

FLOW 



LB PER HR 


CONDITIONS 2 


Fig. 10. Operations in a Typical 
Water Cooling Tower 


KaV __ dh 

G " - h, 

and 

KaV _ 

L “ ig ^ ha 

where 


(3) 


(4) 


a “ over-all average wetted area (surface of water drops plus wetted tower 
surface) square feet per cubic foot of active tower volume. 

G B weight rate of flow of air, pounds of dry air per hour. 
h = enthalpy, Btu per pound of dry air. 

ha * enthalpy of air-vapor mixture, Btu per pound of dry air. 
h'' = enthalpy of saturated air-vapor mixture at water temperature, Btu per 
pound of dry air. 

K ■» over-all energy unit conductance, Btu per (hour) (square foot over-all 
average wetted area) (Btu enthalpy difference per pound of dry air). 

L a water rate, pounds per hour. 

$ — temperature of water in tower, Fahrenheit 
6i » temperature of inlet water, Fahrenheit. 

$t ■* temperature of outlet water, Fahrenheit. 

V — active tower volume, cubic feet. 
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TCnV JCfiV 

Either term - 73 — or may be called the Tower Perforrnande Factor 
Or L 

or Number of Tower Units {NT U). 

These equations indicate that th^ rate of heat transfer from the water to 
the air depends primarily upon the enthalpy of the air, the latter being 
dependent only on the wet-bulb temperature of the air ; this explains the 
comtnon obseiwation that cooling tower performance is independent of 
inlet dry-bulb air temperature and that adiabatic conditions exist. 

The integration of Equations 3 and 4 must be performed by mechanical 
or graphical means, because direct mathematical integration would be 



Fir,. 11. TKMrERATURE-ENTHALPY DIAGRAM FOR AiR-WaTER VaPOR MiXTUBE 
Showing operating lines for Example 2 


accurate only within narrow temperature limits. The temperature 
enthalpy diagram in Fig. 11 represents the conditions for either of ttie 
above equations. The water is cooled from the temperature ft to ft, and 
the enthalpy of the air film surrounding it follows the saturation line 
Air enters the tower at a wet-bulb temperature of and an enthalpy 
of / 12 , it is heated to an outlet wet-bulb temperature of having an enthalpy 
of hi. Since the heat rejected by the water ecjuals the heat absorbed by 
the air, the heat absorbed per pound of air is a function of the pounds of 
water per pound of air going through the tower, and the slope of the air 

operating line is the ratio. 


Example 2, It is desired to cool 150,000 lb of water per hour (about 100 toM of 
mechauical refrigeration) from 110 to 84 F with 125,000 lb of dry air per hour with a 
design wet-bulb air temperature of 75 F. These conditions could prevail with a 
steam-turbine driven centrifugal refrigeration compressor. Determine the Tower 
Performance Factor; show in tabular form the successive steps for this mechanical 
integration by selecting two-degree intervals of the water-temperature range. 

Solution . The accompanying Table 5 shows the sequence of mechanical integration 
for the given water and air temperatures. The first column shows the water temper- 
ature ^ in increments of two degrees (A$ * 2 F deg). Column 2 gives the enthalpies 
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of the saturated air-vapor mixture at the water temperature, Btu per pound of dry 
air. The enthalpy of air, ^ in column 3, has an original value of 38.61 Btu per lb 
corresponding to the 75 F entering wet-bulb temperature of the ambient air; this 

value of ^ increases in equal increments of 1.2 ^^ratio^ Btu per F deg, hence 

X ^ = 2 X potential for mass heat transfer is 

— ^) as shown in column 4, this is frequently called the tower driving force po- 
tential. The values in column 5 for each increment are determined by dividing 2.4 
Btu per F deg by the average value of (h^ — K); and column 6 is calculated in a 
similar manner, except that the increments are two degrees instead of 2.4 Btu. 


Table 5. Sequence of Mechanical Integration Tower Performance Factor 



2 

3 

4 

5 

6 

1 

Watkb Temp. 
e 

Enthalpy of 

Enthalpy of 

Enthalpy 

Ah 

Aff 

Film 

h" 

Aib 

A. 

Ddtebbncb 

(r - A») 

(*; - w 

(*;-« 

(avg.) 

84 

86 

88 

90 

92 

94 

96 

98 

100 

102 

104 

106 

48.22 
50.66 

53.23 
55.93 
58.78 
61.77 
64.92 

68.23 
71.73 

75.42 
79.31 

83.42 

38.61 

41.01 

43.41 

45.81 

48.21 

50.61 

53.01 

55.41 

57.81 

60.21 

62.61 

65.01 

9.61 

9.65 

9.82 

10.12 

10.57 

11.16 

11.91 
12.82 

13.92 
15.21 
16.70 
48.41 

0.249 

0.247 

0.241 

0.232 

0.221 

0.208 

0.194 

0.180 

0.165 

0.150 

0.137 

0.124 

0.112 

0.208 

0.206 

0.201 

0.194 

0.184 

0.173 

0.162 

0.150 

0.137 

0.125 

0.114 

0.103 

0.093 

108 

110 

87.76 

92.34 

67.41 

69.81 

20.35 

22.53 


Tower Performance Factor - 2.460 or 2.050 


Hence, the mechanical integration for the above conditions gives two results : 


“g 


dh 

^ - A. 


2.46, Tower Performance Factor 


and 


KaV 

L 



2.05, Tower Performance Factor 


The results obtained in Example 2 are designated as the Tower Per- 
formance Factor (TPF) or the Number of Tower Units (NTU); these 
figures represent correlated values that are directly proportional to the 
performance being considered. Similar calculations could be made for 
other quantities and temperatures of air and water. It should be noted 
that this factor is not related to the equipment doing the cooling, that any 
numerical value may represent an infinite number of possible performance 
conditions, and that any cooling tower arrangement may ^ve almost any 
performance under certain conditions. Also the mechanical integration 
procedure used above applies only to counterflow apparatus. However, 
the same principles may applied to crossflow atmospheric water-cooling 
towers sdthough the method is more involved. 

The basic mathematical theory for water-cooling towers is now well 
established and recognized, but each manufacturer relies upon experimental 
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results and practical experience with his own tower demgns to establidi a 
system for rating each unit that he builds. The problem of cooling tower 
deragn or sdection is based on a knowledge of the characteristics of the 
equipment being considered. The Tower Performance Factor is a variable 
which is a function of the design ; it also varies with the water loading and 
air velocity. Experimental data indicate that it varies with the heat lo^ ; 
although this variation may be due to deviations from the theoretical 
calculations which become more pronoimced at the higher temperatures. 
The reference literature contains Tower Performance Factors which have 
been reported by various investigators, but the reader ^ould be warned 
that the use of such factors without a full understanding of the source 
may lead to erroneous results. 

SELECTION OF WATER-COOUNG TOWERS 

The correct type and size of water-cooling equipment for a given service 
cannot be determined intelligently without considering the characteristics 
of the various types, together with the many correlated requirement factors. 
Very few installations are exactly alike in details of requirements, hence 
conditions affecting performance and operation of the several t3q)es of 
water-cooling equipment vary widely because of the many diversified 
applications and wide-spread geographical locations. 

Before the characteristics of a specific water-cooling apparatus can be 
judged desirable or undesirable for a given heat load and wet-bulb tem- 
perature, a survey should consider the importance of each of the following 
items: first cost including all necessary auxiliaries, area, height, weight, 
effect of wind velocity and direction, rigidity of structure to withstand high 
winds, safety, conformity to building codes, drift nuisance, make-up water 
requirements and cost of chemical treatment if needed, total power for 
pumping (plus fan operation in the case of mechanical draft), maintenance, 
available locations (with due thought to possible future expansion, wind 
restrictions, space cost, proximity and accessibility, etc.), appearance, the 
equipment’s operating flexibUity for the most economical conformance 
to varying loads or seasonal changes, and other considerations occurring 
with regard to a specific application. 

For a definite heat-load dissipation, the type and size of a water-cooling 
tower is primarily affected by the following conditions : 

1. Gallons per minute of cooling water. 

2. Geographical location of the tower installation. 

3. Wet-bulb design temperature of ambient air; see Table 3, Chapter 15. 

4. Temperature of the hot water entering the tower at normal rating. 

5. Temperature of the cold water leaving the tower at normal rating. 

6. Ground, roof, or sub-structure installation. 

7. Area available for cooling tower. 

8. Proximity to other structures. 

9. Surface of water exposed to each unit quantity of air. 

10. Time of contact of the air with the water; this depends upon height (or length) 
of tower, and upon the relative velocity of air and water. 

The selection of a proper water-cooling range depends upon: (1) type 
of service, — refrigeration, internal-combustion engine, or steam condenser, 

(2) wet-bulb air temperature at which the equipment must operate, and 

(3) type of condenser or heat exchanger employed. 
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Because the design of an entire plant is usually affected by the quantity 
and temperature of the cooling water supply, plants should be designed 
for cooling water conditions which can be most efficiently attained. The 
first consideration is usually the limiting temperature of the plant. For 
example, if an ammonia compressor refrigerating plant is to be designed 
for 185 psig head pressure as a normal maximum, the limiting temperature 
of the ammonia in the condenser is 96 F. Should the ammonia tempera- 
ture go above this figure the head pressure will exceed 185 psig and the 
power consumption increases. To obtain this head pressure, the tempera- 
ture of the circulating water leaving the condenser must always be less 
than 96 F by an amount depending upon the size and design of the con- 
denser, the quantity of water being circulated, and the refrigerating tonnage 
being produced. A condenser having a large surface per ton of refrigera- 
tion may be designed to operate satisfactorily with the leaving hot-water 
temperature within 3 or 4 deg of the ammonia temperature corresponding 


Table 6. Condenseb Design Data 


Gas 

Desired Pressure in 
Condenser 

Gab Temperature 
IN Condenser, 
Fahrenheit 

Leaving Hot- Water 
Temperature, 
Fahrenheit 

Best 

Condenser 

Design 

Average 

Condenser 

Design 

Steam 

28 in. vacuum 

101.2 

97 

93 

Steam 

27 in. vacuum 

115.1 

110 

105 

Steam 

26 in. vacuum 

125.4 

120 

114 

Ammonia 

185 psi* 

96.0 

92 

88 

Carbon dioxide 

1030 psig* 

86.0 

83 

80 

Methyl chloride 

i02 psig* 

100.0 

96 

92 

Freon, F-12 

117 psig* 

100.0 

96 

93 

Freon, F-12 

126 psig* 

105.0 

100 

97 

Freon, F-12 

136 psig* 

110.0 

104 

101 


* Head pressure. 


to the head pressure, while a small condenser may require a 10 deg 
difference. 

Table 6 lists several gases with data for the temperatures and pressures 
for which commercial condensers are designed. Careful evaluation of 
costs of water and electrical power should be made before deciding to use 
city water for jacket water and condensers. Economy of operation gen- 
erally indicates the use of either a water-cooling tower or an evaporative 
condenser for most refrigeration installations of five tons or more capacity. 
Refer to Chapter 39, for information on Evaporative Condensers. In- 
ternal-combustion engines have limiting hot-water temperatures of 140 
to 180 F for closed systems, and 110 to 130 F for open systems, depending 
upon the quality of the cooling water. The cooling of such fluids as milk 
or wort has variable requirements and is usually accomplished in counter- 
flow heat-exchangers in which the leaving circulating water is at a much 
higher temperature than is the leaving fluid. 

OPERATION AND MAINTENANCE 

WaJter Treatment. The amount of make-up water required by a cooling 
tower depends upon evaporation loss, drift loss, and blow-down. Evapora- 
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tion losses average 0.80 per cent of the water circulated for each 10 F deg 
range. Drift loss is the water carried out of the tower by the air currents 
in the form of droplets or mist. In properly designed induced draft 
towers this loss normally approximates one-tenth of one per cent, and most 
cooling tower manufacturers will guarantee a drift loss not to exceed two- 
tenths of one per cent. The amount of blow-down water wasted depends 
upon the hardness of the circulating water, type of water softening used 
and the amount of drift loss. Blow-down is normally controlled to main- 
tain the concentration of soluble and scale-forming solids below the point 
where the formation of scale would occur or would be caused by corrosion. 

Algae formations will plug nozzles and prevent proper distribution of 
the water over the tower filling. This growth may also collect on equip- 
ment served by the cooling tower, and thereby reduce the heat transfer 
rate. Algae should be held at a minimum or eliminated by use of bromine, 
chlorine, chlorinated lime, copper sulfate, or various blends of chJoro- 
phenates (see Chapter 51). 

Although some scale-forming materials are found in practically all water, 
those which cause trouble in water-cooling systems are normally calcium 
and magnesium carbonates. Scale formation in equipment served also 
reduces heat transfer rates. Scale can be reduced materially or prevented 
by softening the make-up water with lime and soda ash, zeolite, or sulfuric 
acid, or by use of small amounts of sodium hexametaphosphate. Water 
softening or treatment requires close regulation and control by a competent 
chemist. Too high a concentration of soluble solids in cooling tower water 
may raise the temperature of the water leaving the tower and may cause 
sludge deposits or corrosion in the system. Concentration of solids is 
normally controlled by either blowing down or by a continuous overflow 
to the sewer. Refer also to Chapter 51. 

Delignification, The presence of sodium carbonate in the circulating 
water results in delignification of any wood with which water comes in 
contact. This chemical dissolves lignin which binds the wood fibers to- 
gether and leaves the wood surface in a white fibrous condition. Prolonged 
exposure reduces the structural strength of the wood. Delignification first 
appears on parts of the tower that are alternately wet and dry, since 
evaporation at such points rapidly increases the concentration of dissolved 
solids. The presence of sodium carbonate in harmful amounts is generally 
indicated by a high pH of 9 to 11. The effect of the sodium carbonate 
may be neutralized by the use of sulfuric acid. It is desirable to have the 
pH value of the water at 7 to 7.5 (7.2 pH value is neutral for redwood). 

Two-speed motors. For readily adapting tower performance to tempo- 
rary or seasonal decreases in heat load, and especially for winter operation, 
the use of two-speed motors (for fan drives) is recommended. The chief 
advantage is that when operated at half-speed, fans require only about 15 
per cent of the power used at full speed. Particularly in multi-fan towers, 
the ready flexibility provided by two-speed motors results in considerable 
savings even though load reductions may sometimes call for only one or 
a few fans to be operated at half speed. 

Cold-weather Operation. Extremely cold water normally does not in- 
crease performance to any great extent, but increases operating hazards 
considerably. Water-cooling towers operated in sub-freezing weather are 
subject to ice formation on the louvers and the outer portion of the filling. 

To prevent icing in cold-weather operation, the cold raw water (tower 
circulating water) temperature should be maintained as high as practicable, 
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taking into consideration the effect upon the economy of the equipment 
served. One or more of the following procedures are recommended for 
induced draft towers: (a) Run two-speed motors on low speed, or shut 
off some of the fans; (b) Shut down some cells completely and put all of 
the water over the remaining cells; (c) Reduce water flow to the tower and 
shut off some of the cells; (d) By-pass the cooling tower with part of the 
water and shut off some of the fans or cells of the tower. 

If ice should form on the louvers and filling, one of the following methods 
of removal can be used: (a) Reversing (for not more than 10 minutes) 
the rotation of the motor driving the fan and thus blowing the warm air 
out through the louvers; (b) Shutting down fans on some sections tem- 
porarily, but not the water. When these cells have thawed out, use the 
same procedure on other cells. 

Where intermittent operation of a system is employed, water in outsid© 
basins may cause considerable damage due to freezing. To prevent this, 
such basins are drained when out of service and therefore in some small roof 
installations a tank large enough to hold all the water in the system may 
be installed inside the building. 

Maintenance. Well-maintained equipment provides the best operating 
results and the least overall maintenance cost. A regular schedule should 
be set up for the structural and mechanical upkeep of water-cooling towers. 
The life and continued utility of any cooling tower is directly dependent 
upon its inherent qualities, climatic environment, type of service, severity 
of operation, and general care and maintenance. 
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D ehumidification as used herein is the reduction of the water 
vapor content of a given volume of air or other gas. The term thus 
describes a special case of dehydration which covers the removal of moisture 
in any form from matter. The degree of dehumidification required varies 
greatly with different applications and is one of the prime considerations influ- 
encing the choice of a method. Dehiunidification may be accomplished by 
latent heat removal together with sensible heat removal, as described in 
Chapters 7, 37, and 43, or by the use of sorbents. 

Sorbents are substances which have the property of extracting and hold- 
ing other substances (usually gases or vapors, e,g. water vapor), brought 
into contact with them. All materials are sorbents to a greater or lesser 
degree. The weight of water held by a substance will increase or decrease 
depending upon whether the vapor pressure of the water held by the sub- 
stance is less or greater respectively than the partial pressure of water vapor 
in the surrounding atmosphere. As generally used, however, the term, 
sorbents, refers to those materials having a capacity for moisture w^hich is 
large compared to their volume and weight. Such materials are divided 
into two general classifications : 

1. Adsorbent— A sorbent which does not change physically or chemically during 
the sorption process. Certain solid materials, such as activated alumina, silica gel, 
activated bauxites, and activated charcoal have this property. The action of adsorb- 
ents, most of which adsorb some gases and condensible vapors besides water vapor, 
is selective. Thus, in the case of a mixture containing both water and organic vapors, 
silica gel would remove the water vapor in preference to the organic vapors, while the 
reverse would be true in the case of activated carbon. The selective property of 
adsorbents is made use of in some instances for the removal of objectionable and con- 
taminating vapors from an air or gas mixture. (See Chapter 10.) 

2. Absorbent — A sorbent which changes either physically, chemically, or both, 
during the sorption process. Calcium chloride is an example of a solid absorbent, 
while liquid absorbents include solutions of lithium chloride, calcium chloride, lith- 
ium bromide, and the ethylene glycols. 

ADSORBENTS 

The ability of an adsorbent to remove water vapor from a gas is explained 
by the fact that the vapor pressure of the water in the adsorbent (when in 
the reactivated condition) is less than the partial pressure of the water 
vapor in the surrounding atmosphere. For instance, when an active ad- 
sorbent is brought into contact with a gas of hi^ humidity, there is a 
tendency for the vapor pressure of the water in the adsorbent to reach equi- 
librium with the partial pressure of the water in the surrounding gas, witb 
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the result that water is extracted by the adsorbent and its weight increased, 
while the moisture content of the gas is correspondingly reduced. (The 
adsorbent is said to be saturated for a given condition when equilibrium is 
attained. ) The weight of water a given adsorbent will extract is dependent 
upon the relative humidity (ratio of the partial pressure in the gas to the 
saturation pressure at a given temperature) and the temperature of the 
adsorbent. The process is reversible : if the temperature of the adsorbent 
is raised until the vapor pressure of the adsorbed water becomes greater 
than the partial pressure of the vapor in the surrounding atmosphere, water 
will be released by the adsorbent. After the adsorbent cools to room tem- 
perature, for instance, the vapor pressure of the water in the adsorbent falls 
below the partial pressure of the vapor in the atmosphere, and the adsorbent 
will again start extracting water. The elimination of water by the addition 
of heat is known as reactivation and is a means of regenerating the adsorbent 
so that it may be used repeatedly. 

Adsorption is proportional to the amount of surface (internal and exter- 
nal) of the sorbent. The materials that are used commercially as solid 
adsorbents have a porous structure of sub-microscopic dimensions, which 
gives them extensive surface area. An adsorbent should meet the following 
requirements in order to be satisfactory for dehumidification purposes : 

1. Have a high adsorptive capacity under normal atmospheric conditions. 

2. Be chemically stable, resisting contamination from impurities. 

3. Be physically rugged to resist breakdown from handling and use. 

4. Be capable of reactivation at temperatures generally obtainable. 

5. Be heat-stable at reactivation temperatures. 

6. Have a weight per unit volume such as to avoid excessive bad dimensions. 

7. Be available at reasonable cost. 

Activated Alumina 

Activated alumina is a granular porous material which removes by ad- 
sorption substantially 100 per cent of the moisture from gases, vapors, and 
certain liquids. Regeneration or reactivation may be accomplished by 
employing a heating medium at temperatures ranging from 350 to 600 F. 
After many cycles of adsorption and reactivation it is substantially as effec- 
tive as originally and retains its original size and shape. 

Activated alumina is produced by chemically controlled precipitation 
from a sodium aluminate solution resulting from the extraction of alumina 
from bauxite by the Bayer process. By subsequent processes this precipi- 
tate is converted into a highly porous adsorptive material. It is low in 
iron and silica, each normally less than I/IO of 1 per cent. Commercially 
produced material is uniform in analysis and physical form. 

Activated alumina is a partially dehydrated aluminum trihydrate con- 
taining about 7 per cent water and small amounts of soda, oxides of iron, 
silicon, and titanium, as well as very minor amounts of other elements indi- 
cated spectrographically. Substantially all of the soda is combined with 
silica and alumina as an insoluble constituent. 

Activated alumina is inert chemically to most gases and vapors, is non- 
toxic, and will not soften, swell or disintegrate when immersed in water. 
High resistance to shock and abrasion are two of its more important physical 
characteristics. Commercial sizes range from a powder passing through 
300 mesh screen to particles 1 in. in diameter. The sizes commonly used 
are 8-14 mesh and J in. to 8 mesh. The average weight for most forms is 
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50 lb per cubic foot. Its high degree of purity warrants classification 
among commercially pure chemicals. 

Silica Gel 

Silica gel is a prepared form of silicon dioxide (silica) having an extremely 
porous structure which makes it an efficient adsorbent. It is made by mix- 
ing predetermined concentrations of an acid, such as sulfuric acid, and a 
soluble silicate, usually sodium silicate, and allowing the mixture to set to a 
jelly-like mass called hydrogel. The product takes its name from its con- 
dition as a colloid at this stage of its manufacture. After setting, the 
hydrogel is broken into small lumps, washed, dried, crushed, and screened 
to the desired particle sizes and then given a final heat treatment or activa- 
tion. The surface area of silica gel has been found to be in excess of 50,000 
sq ft per cubic inch of product. Silica gel has high adsorptive capacity per 
unit weight and may be reactivated repeatedly at temperatures up to 600 
F. Reactivation is generally accomplished by blowing gases through the 
silica gel at approximately 300 F, or by heating in a well-vented oven main- 
tained at this temperature until no more moisture is given off. Silica gel 
is a high purity, rugged, non-toxic, heat-stable material, having a specific 
heat of 0.2 and is most inert. There is no change in the size or shape of the 
particles as it becomes saturated and no corrosive or injurious compounds 
are given off. It is available commercially in a number of grades, ranging 
in particle size from a 3 to 8 mesh product to an impalpable powder passing 
through a 325 mesh screen. The product generally used for dehumidifica- 
tion applications has a particle size of 6 to 12 mesh and a bulk density of 
between 40 and 45 lb per cubic foot. 

Activated Bauxite 

Activated bauxites are certain natural products which after controlled 
heat treatment have properties which make them suitable for use as solid 
adsorbents. They are marketed under different trade names by several 
processors. The activated bauxites consist primarily of AWz, Fe20z, 
Si02, Ti02, and H 2 O in varying percentages. The surface area, adsorptive 
capacity, and other properties of the several products differ to some extent 
depending upon the source of the original material and its subsequent treat- 
ment. The available activated bauxites are durable products having a 
specific heat of about 0.24 and can be regenerated at temperatures between 
300 F and 500 F. They are usually supplied in a number of particle sizes 
and have a bulk density of between 55 and 65 lb per cubic foot. 

There are other solid substances having marked adsorbent properties, 
but details concerning them are not available. 

DEHUMIDIFICATION BY SOLID ADSORBENTS 

Since adsorption is primarily a condensation process, heat equivalent to 
the latent heat of evaporation of the vapor plus the heat of wetting, which 
is an additional amount of heat depending upon the vapor being adsorbed 
and the adsorbent used, is liberated. The sum of the latent heat of evap- 
oration and the heat of wetting is known as the heat of adsorption. During 
adsorption it might be said that latent heat is transformed into sensible 
heat, which is dissipated into the adsorbent, into the metal of the adsorbent 
container, and into the gas mixture, resulting in a rise in temperature. 
Fig. 1 shows the relationship between temperature, vapor pressure, and 
moisture content of a solid adsorbent. These curves indicate the general 
performance of solid adsorbents, although the exact values vary for the 
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different adsorbents and may vary even for different types of the same 
compound. The effects of vapor pressure and temperature upon the mois- 
ture content of an adsorbent may be observed by referring to Fig. 1. When 
the given type of solid adsorbent is in equilibrium with air having a dry- 
bulb temperature of 70 F and 70 per cent relative humidity, that is, having 
a dew-point of 60 F or a water vapor pressure of 13.2 mm Hg, the water 
content of the adsorbent is 33 per cent. With air having the same dry-bulb 
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temperature and a dew-point of 37 F, or a vapor pressure of 5.6 mm Hg, the 
water content is 20 per cent. The increase in weight for an activated solid 
adsorbent after it reaches equilibrium with a gas of any given water vapor 
content may be found by subtracting the residual water content (for ex- 
ample 6 per cent) from the equilibrium value. In the case of the two 
examples cited, the actual water gain would be 27 per cent and 14 per cent 
respectively. The effect of temperature upon the adsorptive capacity may 
be observed by following the 5.6 mm Hg vapor pressure line. At a tem- 
perature of 70 F the moisture content of the adsorbent is 20 per cent, while 
at 100 F the equilibrium water content is 11 per cent. 

In practice the temperature rise in the dehumidified air caused by the 
adsorption heat is approximately 10 deg F for each grain of moisture re- 
moved per cubic foot of air at atmospheric pressure. This temperature rise 
occurs progressively through the adsorbent bed and is an important con- 
sideration in predetermining the performance of a given design of apparatus. 
Data such as these, together with information covering other characteristics 
such as specific heat, resistance to air flow, etc., are of value in the basic 
design of adsorption apparatus. In the solution of air conditioning prob- 
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lems, however, reference must be made to performance data on established 
apparatus designs. 

DEHUMIDIFICATION EQUIPMENT USING SOLID ADSORBENTS 

A typical solid adsorbent dehumidification unit air flow diagram is shown 
in Fig. 2. The apparatus consists of two adsorbent containers (adsorbers) 
with necessary interconnecting piping, valves, and auxiliaries consisting of 
filters, fans, activation air heater, controls, and, in some instances, a cooler 
for the dehumidified air. Before entering the adsorber the air to be de- 
humidified is drawn into a filter to remove dust and other impurities. In 
passing through the adsorbent bed, the moisture content of the air is 
reduced and the dehumidified air is then introduced into the space or process 
requiring it. While the first adsorber is dehumidifying the air, the second 
adsorber is being reactivated by means of outside air drawn through a filter 
and heater in which its temperature is raised to 300 F. The heat may be 
supplied by electric heating elements, steam coils, the direct products of 
combustion of gas, oil, waste heat, or any other convenient source. In 
passing through the adsorbent bed, the hot gases supply the necessary heat 
for releasing adsorbed water from the adsorbent and then carry it out of 
the adsorber to the activation gas outlet, where it is exhausted to the out- 
side atmosphere. In some instances a thermostat placed in the activation 
outlet connection shuts off the activation fan and heater when the adsorbent 
is completely reactivated, as indicated by a rapid rise in the temperature of 
the outlet activation gas. The length of the adsorption period may be con- 
trolled by a timing device which changes the valves or dampers from the 
adsorbing to the activating position, or by a humidistat located in the 
dehumidified air connection or in the dehumidified space. The majority 
of commercial units are time controlled. 

In applications where a continuous stream of dehumidified air is not 
required, a single adsorber type unit may be used, while in other cases 
where a continuous stream of dehumidified air is required, a multiple num- 
ber of adsorbers or even a continuously rotating system may be used. 

If the air to be dehumidified is very warm, and especially where exceed- 
ingly low dew-point dehumidified air is required, it is advantageous to 
install a pre-cooler to reduce the temperature of the inlet air. In this way 
the working temperature in the adsorber is lowered and the over-all per- 
formance appreciably increased. Some equipment manufacturers install 
cooling coils in the adsorbent beds for the same purpose, while others divide 
the ackorbent bed and install coolers between the sections. 

Dehumidification equipment is employed to the best advantage where 
the air conditioning problem is primarily one of obtaining low relative 
humidity control rather than temperature control. This requirement is 
found in the case of the preservation of inactive naval vessels where the 
interior of the ship must be kept at a relative humidity below 30 per cent 
to avoid corrosion, mold, mildew, and other moisture damage that occurs 
at humidities substantially in excess of this figure. Other advantageous 
applications for dehumidification systems are found in industrial processes 
where low relative humidity atmospheres are required during the manu- 
facture as well as for preservation of the finished products. Dehumidifica- 
tion with cooling may be used to advantage in work-rooms or other spaces 
occupied by humans, where the moisture load is high in comparison to the 
sensible heat load. In many instances where independent control of tem- 
perature and humidity is important dehumidification is used to advantage 
in conjunction with cooling. 
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ABSORBENTS 

Any absorbent substance may be used as a dehumidifying agent if it has 
a vapor pressure with respect to water lower than the partial pressure of 
the water vapor in the mixture from which the moisture is to be removed. 

Solid Absorbents, The substances used are generally the solid forms of the liquid 
absorbents. Calcium chloride is frequently used because of low cost. At present 
they are used principally in small desiccating chambers and in small dryers of the 
cartridge type, through which air is forced under pressure. 

Liquid Absorbents. These are primarily water solutions of materials in which the 
vapor pressure is reduced to a suitable level by controlling the concentration and 
temperature of the dehymidifying solution. Water solutions of the chlorides or bro- 
mides of various inorganic elements and certain organic compounds are the liquid 
absorbents used in air conditioning. 

In addition to having suitable water vapor pressure characteristics, an absorbent 
to be satisfactory should also meet the following requirements: 

1. Be widely available at low cost. 

2. Be non-corrosive, odorless, non-toxic, and non-inflammable. 

3. Be chemically inert against any impurities in the air stream. 

4. Be stable over the range of use. 

5. Must not precipitate at the lowest temperature to which the apparatus is 
exposed. 

6. Have low viscosity and be capable of being economically regenerated or concen- 
trated after having been diluted by the moisture absorbed. 

DEHUMIDIFICATION BY LIQUID ABSORBENTS 

In liquid absorption systems the air- vapor stream is brought into intimate 
contact with the absorbent solution by passing the air stream through a 
tower into which the brine is introduced as a finely divided spray, or by 
passing the air through a tower or contactor which is continuously sprayed 
with the brine, thereby presenting a large surface of absorbent to the air to 
be dehumidified. The difference in the partial pressure of the water in the 
concentrated brine and the partial pressure of the water vapor in the air 
causes the water vapor to be given up by the air to the brine until equi- 
librium is approached. The water vapor is condensed during this opera- 
tion, and its addition to the absorbent solution results in a decrease in the 
concentration of the solution. As the water vapor condenses the latent 
heat of condensation is released in the absorbent solution. An additional, 
frequently appreciable, quantity of heat known as the heat of solution or 
heat of mixing is also released. The heat released as the result of conden- 
sation and mixing is directly transferred to the brine, to the equipment, and 
to the air being dehumidified, thereby causing a rise in temperature. 

A modified system includes means for removing heat from the absorbent 
solution, either within the contactor or externally. Thus the temperature 
of the solution may be higher than, equal to, or lower than that of the air, 
depending on the chemical employed and the ultimate use of the dehumidi- 
fied air. 

Fig. 3 shows the relationship between temperature, vapor pressure and 
moisture content of a typical absorbent of the inorganic type. These 
curves indicate the general performance of such absorbents, although the 
exact values vary for the different compounds. 

When the given absorbent is in equilibrium with air having a dry-bulb 
temperature of 70 F and a relative humidity of 70 per cent, i,e, having a 
dew-point of 60 F, or a water vapor pressure of 13.2 mm Hg, the water 
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content of the solution is 4.8 lb water per pound of anhydrous absorbent. 
With air ^ving the same dry-bulb temperature and a dew-point of 37 F, 
or a vapor pressure of 5.6 mm Hg, the water content is 2.1 lb per pound of 
absorbent. Therefore, when a solution of 2.1 lb water per pound of absor- 
bent is exposed to an atmosphere 0^70 F and 70 per cent relative humidity, 
it will absorb an additional 2.7 lb of water in reaching equilibrium. 

The effect of temperature on the absorptive capacity may be observed 
by following a constant vapor pressure line in Fig. 3. At a temperature of 
70 F and a vapor pressure of 13.2 mm Hg the moisture content is 4.8 lb 
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water per pound of absorbent. At 100 F the moisture content is 1.8 lb 
water per pound of absorbent. 

Fig. 4 shows the relationship between temperature, vapor pressure, and 
moisture content of a typical liquid absorbent of the organic type. 

DEHUMIDIFICATION EQUIPMENT USING LIQUID ABSORBENTS 

One type of system utilizing liquid absorbents includes an external inter- 
changer having essential parts consisting of a liquid contactor, a solution 
concentrator, a solution heater and a cooling coil all m shown in Fig. 5. 
The contactor and cooling coil are located in the wet air stream. The air 
to be conditioned is brought into contact with an aqueous brine solution 
having a vapor pressure below that of the entering air, resulting in a tranrfer 
of moisture from the air to the brine solution. This r^ults in a conversion 
of latent heat to sensible heat which raises the solution temperature and 
consequently the air temperature. The temperature change of the mr be- 
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ing processed is determined by the cooling water temperature and the 
unount of moisture removed in the equipment. Control of leaving air 
temperature may be obtained by precooling the absorbent solution in a 
suitable surface cooler, by tap, well, or chilled water. 

The excess water of condensation, which dilutes the brine, is removed in 
the solution concentrator. This is a low pressure steam heat exchanger 
which over-concentrates a portion of the weak liquor and returns it to the 
main brine reservoir for re-cycling. The concentrator operates in the 
manner of an evaporative condenser, whereby moisture is evaporated from 
the brine by the heating coils into a stream of regeneration air taken from 
and rejected to the outside atmosphere. Low pressure steam is normally 
used for heating the brine. When it is desirable or necessary to use gas or 
electricity, an auxiliary low pressure steam boiler is usually added to the 
equipment. Concentrators operating on a simple boiler principle have not 
as yet been commercially practical. 

It should be noted that the solution concentration phase is the reverse 


Cooling cpil and 



AND CONTACTOB ABE COMBINED 

of the absorption process. During concentration the aqueous vapor pra- 
sure of the solution is greater than that of the surrounding air, while during 
dehumidifica,tion, the reverse is the case. Utilization of this principle p|er- 
mits winter humidification by heating (instead of cooling) the solution 
pumped to the contactor. Water is thereby evaporated into, instead of 
being condensed out of, the conditioned air stream. This requires dilution 
of the brine externally to the contactor, rather than concentration. 

CALCULATION OF MOISTURE LOAD 

Calculation of the dehumidification required to maintain lower than 
normal moisture content in a given room begins with determination of the 
rate of moisture gain in the room from all sources. It is common practice 
when mainteining a low humidity ratio to recirculate a large percentage of 
the air in the room through the dehumidifier, and to add only enough out- 
side air to meet the needs of the problem. The humidity ratio of the 
mixture of outside and recirculated air and the dehumidifier performance 
data can be used to calculate the humidity ratio of the air leaving the de- 
humidifier. The difference between the humidity ratio of the air in the 
room and that of the dehumidified air entering the room represents the 
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effective dehumidification per pound of air. The rate of internal moisture 
gain in grains per minute divided by the effective dehumidification in grains 
per pound of air equals the air quantity required in pounds per minute. 
The following typical example using arbitrary values shows a general 
method of determining the dehunudifying requirements. Sensible heat 
determination considerations are di^ussed in other chapters and are pur- 
posely omitted here. 

Example 1. A solid adsorbent dehumidifier having performance characteristics as 
shown in Fig. 6 is to be used to maintain inside conditions of 73 F and 20 per cent rela- 
tive humidiW, i.e, 24.1 grains per pound of dry air, 30 F dew-point, in a room, 20 ft 
X 30 ft X 10 ft high, having a total wall, ceiling, and floor surface area of 2200 sq ft. 
Outside design conditions are 72 F dew-point (118.4 grains per pound). 

Internal sources of moisture are: 4 occupants; an open natural gas burner using 
15 cu ft of natural gas per hour; an open top water tank, having an area of 2 sq ft ex- 
posed surface, in which water is maintained at 87 F, with air movement over the water 
surface being 100 fpm. Determine the quantity and condition of the dehumidifled 
air to be supplied to the room. 

Solution, The internal moisture gain consists of items 1 to 5. 

Graint per 
Minute 

1. From occupants : 4 X 1800/60 » 120 

1800 grains per person per hour is obtained from Fi^ 7, 

Chapter 12, by interpolation between curves C and D 

2. From burned gas: 16 X 650/60 = 162 

1 cu ft natural gas produces approximately 650 grains of 
moisture. 

3. From exposed water surface: 2 X 20 » 40 

Evaporation from water surface is assumed to be 20 grains 
per (minute) (square foot) at 87 F water with air move- 
ment of 100 fpm. 

4. From infiltration: on gg ^ (118.4 — 24.1) = 696 

60 X 13.56 

One air change, 6000 cu ft, assumed per hour (see Chapter 

8 ). 

5. Moisture transmitted through room surface: 

2200 

— X 3 X (0.783 - 0.176) - 67 

Permeability assumed to be 3 grains per (square foot) 

(hour) (inch Hg vapor pressure difference on two sides of 
wall). 


Total moisture gain from internal sources 1085 

Let q be the air delivered to the room, pounds per minute. Let it be assumed for 
this problem that 85 per cent of the air is recirculated and 15 per cent is outside air. 
Enough air must be supplied to replace leakage from the 8:^stem or to satisfy normal 
ventilating requirements for the occupants of the room as given in Chapter 12, which- 
ever is greater. The amount is estimated from experience or obtained by test. 

The humidity ratio of the mixture of recirculated and outside air entering the 
dehumidifler is then : 


0.85g(24.1) -h 0. 15g(118.4) 
0.86g + 0.15^ 


38.3 grains per pound entering dehumidifier. 


For the dehumidifier shown in Fig. 6, for 38.3 grains per pound in entering air, the 
leaving humidity ratio will be 6.5 grains per pound. 

Effective dehumidification in the room is 24.1 — 6.6 or 17.6 grains per pound of 
supply air. 
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Fig. 6. Performance Data for Typical CoMMERaAL Soui) Adsorbent 

Dehcmidifier 

Then q f = 61.6 lb air i ■ minute minimum that must be 

17.6 grains per pound 

supplied to the room to maintain 30 F dew-point. 

Note that this figure represents the minimum requirement for the arbitrary condi- 
tions Bet forth and that in practice safety margins should be added to the outside air 
percentage figure and to the calculated internal moisture gain. 

VAPOR TRANSFER TO DEHTTMIDIFIED SPACE 

The walls enclosii^ a dehumidified space are subjected to a vapor pressure 
differential. The pressure of the vapor outside the walls tends to force 
moisture through the walls into the dehumidified zone of relatively low 
vapor pressure. As this process can be an unnecessary load on the de- 
humidifying equipment, provisions should be made for keeping the vapor 
transfer to a minimum. Also, if the space is cooled below the ambient dew- 
point there is a possibility that condensation may occur within the walls 
imless vapor transfer is controlled. For these reasons a vapor barrier 
should be located within the wall construction as near to the high vapor 
pressure side as feasible. To be effective a barrier must be continuous and 
should be so located within the structure tihat it will be protected from rup- 
ture. (See section on Vapor Transmission Through Materials, Chapter 6. ) 
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REFRIGERATION . 


Refrigeration Theory: Definitions and Basic Concepts, Refrigerants, Vapor 
Compression Refrigeration Cycles, Clearance and Volumetric Efficiency, 
Complex Refrigeration Cycles, Air Cycle, Steam Jet, Absorption 
and Ice Systems, Heat Pump; Basic Refrigeration Equipment: 
Compression Machines, Condensers, Evaporators and 
Coolers; Refrigeration Controls and Piping; Equipment 
Characteristics and Selection 


W ITH the increasing use of all-year comfort air conditioning instal- 
lations the impotence of refrigeration to the air conditioning ftngin«»Ar 
has been greatly magnified. The details of equipment operation, mainte- 
nance, and design remain problems for the refrigeration engineer, but the 
air conditioning engineer does retain a responsibility to the customer which 
requires some knowledge on his part of the different refrigeration cycles 
and the relative merits of each. In order to assist in meeting this need, 
the present chapter has been divided into four parts, the first covering the 
fundamental technical relationships which govern the selection and analysis 
of an operating cycle, the next two presenting brief discussions of basic 
refrigerating equipment and auxiliaries, and the last, information on selec- 
tion criteria. 


REFRIGERATION THEORY 
Definitions and Basic Concepts 

The ton of refrigeration is a quantity unit which originated in the days 
when harvested ice was the principal source of summer cooling. By defi- 
nition the ton is the cooling effect realized when one ton of 32 F ice melts 
to water at 32 F ; since the latent heat of fusion of ice is 144 Btu per pound, 
the ton represents a unit cooling effect of 144 X 2,000 = 288,000 Btu. In 
common practice the ton is usually considered a rate (rather than quantity) 
unit and is taken as 288,000 Btu per day (24 hours) or 12,000 Btu per hour 
or 200 Btu per minute. Thus for air conditioning calculations, the size of 
the requisite refrigeration machine, expressed in tons, can be obtained by 
dividing the heat gain of the structure, expressed in Btu per hour, by 12,000. 
In equation form : 


Ht — (Btu per hour heat gain) -i- 12,000 (1) 

where 

H% •> load in tons. 

The working substance, or refrigerant, is the fiuid which carries heat 
through the refrigeration cycle from the evaporator, where heat enters the 
refrigerant, to the condenser where the heat is disc^ged to some cooling 
medium. The great majority of modern refrigeration systems use a liquefi- 
able vapor as the working substance. By altering the pressure of the 
refrigerant its boiling temperature is changed, allo>ving the material to boil 
in the evaporator at a temperature sufficiently lower uian that of the con- 
ditioned space to insure maintenance of an effective heat transfer rate from 
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the space (or in some cases from a secondary cooling fluid such as brine or 
cold water) to the refrigerant. The vapor formed in the evaporator is 
then raised in pressure (by a compressor, or by the absorber-generator com- 
bination of the absorption system) until its new boiling temperature exceeds 
the temperature of the available cooling medium ; under these conditions 
heat transfer is established from the refrigerant vapor to the cooling medium 
with resultant condensation of the refrigerant. When condensed, the high- 
pressure liquid refrigerant is reduced in pressure and again allowed to boil 
in the evaporator. 

In order to permit evaluation of the effectiveness with which any given 
cycle operates, some term is desirable which would be comparable to the 
effidency that is used for heat engines. In refrigeration the desired effect 
is heat extraction and the cost of achieving this extraction is the amount of 
enerjgy which must be supplied as shaft work. Thus the ratio of refrig- 
erating effect to the heat equivalent of the compressor work is used as a 
measure of effectiveness and is defined as the coefficient of performance. 

If the desired effect is the rejection of heat through the condenser instead 
of heat extraction through the evaporator, the refrigeration system is then 
termed a heat pump. In this case the coefficient of performance is the 
ratio of the heat rejected from the condenser to the heat equivalent of the 
compressor work. The coefficient of performance for the heat pump is 
greater than that for a system operating as a refrigerating machine because 
all mechanical shaft work required to operate the compressor is dissipated 
as useful heat through the condenser. 

The Carnot cycle, an ideal, thermodynamically reversible cycle consisting 
of an adiabatic expansion and an isothermal expansion followed by an 
adiabatic compression and an isothermal compression to form a closed cycle, 
may be shown to be a measure of the maximum possible conversion of heat 
energy into mechanical energy. In its reversed form it is a measure of the 
maximum performance possible for any refrigeration cycle operating either 
as a refrigerator or as a heat pump. Although it cannot be applied in an 
actual machine because of the impossibility of obtaining complete reversi- 
bility, it is, nevertheless, extremely valuable as a criterion of inherent 
limitations. The coefficient of performance (CP) of a reversed Carnot cycle 
system operating as a refrigeration system is: 

(CP) - ® 


where 

T, = evaporator temperature, Fahrenheit degrees, absolute. 

Tt •“ condenser temperature, Fahrenheit degrees, absolute. 

With the ideal Carnot cycle operating as a heat pump, the coefficient of 
performance is : 


(CP)- 



(3) 


The Carnot cycle coefficient of performance for both a refrigerating machine 
and a heat pump increases as the spread between the evaporator and the 
condenser temperatures decreases. In general, the same is true for an 
actual ^stem operating as either a refrigerating machine or a heat pump. 
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Refrigerants 

A desirable refrigerant should possess chemical, physical, and thermo- 
dynamic properties which permit its efficient application in refrigerating 
systems. In addition, when the vofume of the charge is large, there 'should 
be little or no danger to health or to property in case of its escape. 

Thermodynamically, a material for use as a refrigerant should have a 
large latent heat of vaporization since it is this heat quantity — subject to 
minor variations — ^which constitutes the working effectiveness of the refrig- 
erant. Further, since the work required to compress a vapor increases 
rapidly with the pressure ratio, the thermodynamic characteristics of the 
fluid should be such that the required low-to-high temperature range can 
be achieved with only a moderate change in ratio. A further consideration, 
from the standpoint of practical operating effectiveness, is that the suction 
pressure should not be below atmospheric (to prevent leakage of air into 
the refrigerant lines) nor should the condenser pressure be excessively high 
(to prevent need for extra-heavy construction). The specific volume- 
specific enthalpy relationship is also important because some materials 
would have such low density, when in vapor form, that impractical com- 
pressor displacements would be needed to handle the suction vapor. 

Properties of refrigerants are usually given either in tabular or graphic 
form. In contrast to the temperature-entropy plotting which is used 
almost exclusively in steam-power work, refrigeration problems are usually 
referred to a pressure-enthalpy chart. The advantage of pressure-enthalpy 
plotting is that linear distances on the chart correspond to energy gains or 
losses and the two types of processes, constant-pressure and constant-en- 
thalpy, which occur most frequently in refrigeration cycles, can both be 
represented by straight vertical or horizontal lines. Figures 1 and 2 present 
pressure-enthalpy charts for ammonia and dichlorodifluoromethane (Freon- 
12) . Although tabular arrangements of refrigerant properties require inter- 
polation between values, they have the advantage of an accuracy greater 
than that obtainable from a chart. Tables 1, 2, 3, and 4 give the thermo- 
dynamic properties of four of the more common refrigerants: dichloro- 
difluoromethane (Freon- 12), monochlorodifluoromethane (Freon-22), am- 
monia, and monofluorotrichloromethane (Freon-11) ; the first three of these 
materials are commonly used in reciprocating compressors; the last refrig- 
erant is used in centrifugal machines. 

Referring to Table 1, the first column gives the range of saturation tem- 
peratures likely to occur in practice. The second column gives the satura- 
tion pressure expressed in pounds per square inch absolute corresponding 
to a given temperature, while the next six columns give the three funda- 
mental specific properties, volume, enthalpy, and entropy, of the saturated 
liquid and saturated vapor respectively. The last four columns give values 
of enthalpy and entropy for gases with 25 deg and with 50 deg of superheat ; 
note particularly that the colunm heading 50 F superheat means, not that 
the gas is at a temperature of 50 F, but that its temperature exceeds by 50 
deg the saturation temperature corresponding to its actual pressure. Thus 
F-12 vapor at 38.0 psig and 91 F possesses 50 deg of superheat since its 
saturation temperature corresponding to 52.7 psia is 41 F. 

The tabular arrangements of refrigerant properties are literally for satu- 
rated or superheated materials only. In many cases, however, the engineer 
must work with sub-cooled liquids. With an accuracy sufficient for all 
practical purposes the specific volume and the enthalpy of any sub-cooled 
refrigerant can be taken as equal to the values read from the tables for a 
saturated liquid at the same temperature. Thus if F-12 at 121 psia and 
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40 F is passing through a pipe, its volume and enthalpy can be determined 
from Table 1 as 0.01 16 cu ft per pound and 17.0 Btu per pound. 

Frequently it is necessaiy to determine the properties of & wet vapor or 
of a mixture of liquid with some added vapor, such as is found at discharge 
from an expansion valve. This can be done from the tables by noting that 
the specific enthalpy of the mixture must be equal to that of the saturated 
liquid plus a fraction of the latent heat of vaparisati<m equal to the fraction 









750 


CHAPTER 39 


1949 Guide 


Tabus 1. Pbopebtibs of Dichlobodifluobombthanb (F-12) 


Sat. 

Temp. 

F 

Abb. 
PniisB. 
Lb pbr 
SqIn. 

Volume 

Enthalpt and Entropy Taken From —40 F 

1 Enthalpy 

1 Entropy 

1 25 F Superheat 

50 F Superheat 

laqaid 

Vapor 

Liquid 

Vapor 

Liquid 

Vapor- 



Enthalpy 

Entropy 

0 

23.87 

0.0110 

1.637 

8.25 

78.21 

0.01869 

0.17091 

81.71 

0.17829 

85.26 

0.18547 

2 

24.89 

0.0110 

1.574 

8.67 

78.44 

0.01961 

0.17075 

81.94 

0.17812 

85.51 

0.18529 

4 

25.96 

0.0111 

1.514 

msm 

78.67 

0.02052 

0.17060 

82.17 

0.17795 

85.76 

0.18511 

5 

26.51 

0.0111 

1.485 

9.32 

78.79 

0.02097 

0.170.52 

82.29 

0.17786 

85.89 

0.18502 

6 

27.05 

0.0111 

1.457 

9.53 

78.90 

0.02143 

0.17045 

82.41 

0.17778 

86.01 

0.18494 

8 

28.18 

C.0111 

1.403 

9.96 

79.13 

0.02235 

0.17030 

82.66 

0.17763 

86.26 

0.18477 

10 

29.35 

0.0112 

1.351 

10.39 

79.36 

0.02328 

0.17015 

82.90 

0.17747 

86.51 

0.18460 

12 

30.56 

0.0112 

1.301 

10.82 

79.59 

0.02419 

0.17001 

83.14 

0.17733 

86.76 

0.18444 

14 

31.80 

0.0112 

1.253 

11.26 

79.82 

0.02510 

0.16987 

83.38 

0.17720 

87.01 

0.18429 

16 

33.08 

0.0112 

1.207 

11.70 

80.05 

0.02601 

0.16974 

83.61 

0.17706 

87.26 

0.18413 

18 

34.40 

0.0113 

1.163 

12.12 

80.27 

0.02692 

0.16961 

83.85 

0.17693 

87.51 

0.18397 

20 

35.75 

0.0113 

1.121 

12.55 

80.49 

0.02783 

0.16949 

84.09 

0.17679 

87.76 

0.18382 

22 

37.15 

0.0113 

1.081 

13.00 

80.72 

0.02873 

0.16938 

84.32 

0.17666 

88.00 

0.18369 

24 

38.58 

0.0113 

1.043 

13.44 

80.95 

0.02963 

0.16926 

84.55 

0.17652 

88.24 

0.18355 

26 

40.07 

aoii4 

1.007 

13:88 • 

81.17 

0.03053 

0.16913 

84.79 

0.17639 

88.49 

0.18342 

*28 

41.59 

0.0114 

0.973 

14.32 

81.39 

0.03143 

0.16900 

85.02 

0.17625 

88.73 

0.18328 

30 

43.16 

0.0115 

0.9.S9 

14.76 

81.61 

0.03233 

0.16887 

85.25 

0.17612 

88.97 

0.18315 

32 

44.77 

0.0115 

0.908 

15.21 

81.83 

0.03323 

0.16876 

85.48 

0.17600 

89.21 

0.18303 

34 

46.42 

0.0115 

0.877 

15.65 

82.05 

0.03413 

0.16865 

85.71 

0.17589 

89.45 

0.18291 

36 

48.13 

0.0116 

0.848 

1610 

82.27 

0.03502 

0.16854 

85.95 

0.17577 

89.68 

0.18280 

38 

49.88 

0.0116 

0.819 

16.55 

82.49 

0.03591 

0.16843 

86.18 

0.17566 

89.92 

0.18268 

39 

50.78 

0.0116 

0.806 

16.77 

82.60 

0.036.35 

0.16838 

86.29 

0.17560 

90.04 

0.18262 

40 

51.68 

0.0116 

0.792 

17.00 

82.71 

0.03680 

0.16833 

86.41 

0.175.^4 

90.16 

0.18256 

41 

52.70 

0.0116 

0.779 

17.23 

82.82 

0.03725 

0.16828 

86.52 

0.17549 

90.28 

0.18251 

42 

53.51 

0.0116 

0.767 

17.46 

82.93 

0.03770 

0.16823 

86.64 

0.17544 

90.40 

0.18245 

44 

55.40 

0.0117 

0.742 

17.91 

83.15 

0.03859 

0.16813 

86.86 

0.17.534 

90.65 

0.18235 

46 

57.35 

0.0117 

0.718 

18.36 

83.36 

0.0.3948 

0.168a3 

87.09 

0.17525 

90.89 

0.18224 

48 

59.35 

0.0117 

0.695 

18.82 

83.57 

0.04037 

0.16794 

87.31 

0.17515 

91.14 

0.18214 

50 

61.39 

0.0118 

0.673 

19.27 

83.78 

0.04126 

0.16785 

87.54 

0 17505 

91.38 

0.18203 

52 

63.49 

0.0118 

0.652 

19.72 

83.99 

0.04215 

0.16776 

87.76 

0.17496 

91.61 

0.18193 

54 

65.63 

0.0118 

0.632 

20.18 

84.20 

0.04304 

0.16767 

87.98 

0.17486 

91.83 

0.18184 

56 

67.84 

0.0119 

0.612 

20.64 

84.41 

0 04392 

0.16758 

88.20 

0.17477 

92.06 

0.18174 

58 

70.10 

0.0119 

0.593 

21.11 

84.62 

0.04480 

0.16749 

88.42 

0.17467 

92.28 

0.18165 

60 

72.41 

0.0119 

0.575 

21.57 

84.82 

0.04568 

0.16741 

88.64 

0.17458 

92.51 

0.18155 

62 

74.77 

0.0120 

0.557 

22.03 

85.02 

0.04657 

0.16733 

88.86 

0.17450 

92.74 

0.18147 

64 

77.20 


0.540 

22.49 

85.22 

0.04745 

0.16725 

89.07 

0.17442 

92.97 

0.18139 

66 

79.67 

0.0120 

0.524 

22.95 

85.42 

0.04833 

0.16717 

89.29 

0.17433 

93.20 

0.18130 

68 

mvwzm 

0.0121 


23.42 

85.62 

0.04921 

0.16709 

89.50 

0.17425 

93.43 

0.18122 



0.0121 

BfM 

23.90 

85.82 

0.05009 

0.16701 

89.72 

0.17417 

93.66 

0.18114 



0.0121 

IjiU 

24,37 

86.02 

0.05097 

0.16693 

89.93 

0.17409 

93.99 

0.18106 


99.20 

0.0122 


24.84 

86.22 

0.05185 

0.16685 

9014 

0.17402 

94.12 

0.18098 


93.00 

0.0122 

0.451 

25..32 

86.42 

0.05272 

0.16677 

90 36 

0.17394 

94.34 

018091 



0.0123 

0.438 

25.80 

86.61 

0.05359 

0.16669 

90.57 

0.17387 

94.57 

0.18083 



0.0123 

0.425 


86.80 

0.05446 

0.16662 

90.78 

0.17379 

94.80 

0.18075 


wmSm 

0.0123 

0.413 


86.99 

0.05534 

0.16655 

90.98 

0.17372 

95.01 

0.18068 


104.8 

0.0124 

0.401 

mmm 

87.18 

0.05621 

0.16648 

91.18 

0.17365 

95.22 

0.18061 


107.9 

0.0124 

0.389 

27.72 

87.37 

0.05708 

0.16640 

91.37 

0.17358 

95.44 

0.18054 


111.1 

0.0124 

0.378 

28.21 

87.56 

1 0.05795 

0.16632 

91.57 

0.17351 

95.65 

0.18047 


114.3 

0.0125 

0.368 

28.70 

87.74 

i 0.05882 

0.16624 

91.77 

0.17344 

95.86 

0.18040 

92 

117.7 

0.0125 

0.357 

29.19 

87.92 

0.05969 

0.16616 

91.97 

0.17337 

96.07 

0.18033 

94 

121.0 

0.0126 

0.347 

29.68 

88.10 

0.06056 

0.16608 

92.16 

0.17330 

96.28 

0.18026 

96 

124.5 

0.0126 

0.338 


88.28 

1 0.06143 

0.16600 

92.36 

0.17322 

96.50 

0.18018 

98 

128.0 

0.0126 

0.328 

KilTnnl 

88.45 

0.06230 

0.16592 

92.55 

0.17315 

96.71 

0.18011 

100 

131.6 

0.0127 

0.319 

BcTIrfl 

88.62 

0.06316 

0.16584 

92.75 

0.17308 

96.92 

0.18004 

102 

135.3 

0.0127 

0.310 


88.79 

0.06403 

0.16576 

92.93 

0.17301 

97.12 

0.17998 

104 


0.0128 

0.302 

11119 

88.95 

0.06490 

0.16568 

93.11 

0.17294 

97.32 

0.17993 

106 

142.8 

0.0128 

0.293 

32.65 

89.11 

0.06577 

0.16560 

93.30 

0.17288 

97.53 

0.17987 

108 

146.8 

0.0129 

0.285 

.33.15 

89.27 

0.06663 

0.16551 

i 93.48 

0.17281 

97.73 

0.17982 

no 

150.7 

0.0129 

0.277 

33.65 

89.4.3 

0.06749 

0.16542 

1 93.66 

0.17274 

97.93 

0.17976 

112 

154.8 


0.269 

34.15 

89.58 

0.06836 

0.16533 

93.82 

0.17266 

98.11 

0.17969 

114 

158.9 

0.0130 

0.262 


89.7.3 

0.06922 

0.16524 

93.98 

0.17258 

98.29 

0.17961 

116 

163.1 

0.0131 

0.254 


89.87 

0.07008 

0.16515 

94 15 

0.17249 

98.48 

0.17954 

118 

167.4 

0.0131 

0.247 


90.01 

0.07094 

0.16505 

94.31 

0.17241 

98.66 

0.17946 

120 

171.8 

0.0132 

0.240 


90.15 

0.07180 

0.16495 

94.47 

0.172.33 

98.84 

0.17939 

122 

176.2 

0.0132 

0.233 


90.28 

0.07266 

0.16484 

94.63 

0.17224 

99.01 

0.17931 

124 

180.8 

0.0133 

0.227 

37.16 

90.40 

0.07352 

0.16473 

94.78 

0.17215 

99.18 

0.17922 

126 

185.4 

0.0133 

0.220 

37.67 

90.52 

0.07437 

0.16462 

94.94 

0.17206 

99.35 

0.17914 

128 

190.1 

0.0134 

0.214 

38.18 

90.64 

0.07522 

0.16450 

95.09 

0.17196 

99.53 

0.17906 


194.9 

0.0134 

0.208 

38.69 

9C.76 

0.07607 

0.16438 

95.25 

0.17186 

99.70 

0.17897 

132 

199.8 

0.0135 

0.202 

39.19 

90.86 

0.07691 

0.16425 

95.41 

0.17176 

99.87 

0.17889 

134 


0.0135 

0.196 


90.96 

I 0.07775 

0.16411 

95.56 

C.17166 

100.04 

0.17881 

136 

209.9 

0.0136 

0.191 

40.21 

91.06 

0.07858 

0.16.196 

95.72 

0.17156 

100.22 

0.17873 

138 

215.0 

0.0137 

0.185 

40.72 

91.15 

0.07941 

0.16.380 

95.87 

0.17145 

100.39 

0.17864 

140 

220.2 

0.0138 

0.180 

41.24 

91.24 

0.08024 

0.16363 

96.03 

0.17134 

100.56 

0.17856 
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Tabu: 2. PBOPEBTIIiB of MONOCHLOBODIPLtrOBOMETHANIi (F-22) 


Sat 

Temp 

F 

Ans 
Press 
Lb PER 
Sq In. 

Volume 


Enthalpy and Entropy Taken from 

-40 F 


Enthalpy* 

Entropy 

« 50 Deg 

Superheat 

100 Deu 
Superheat 

Liquid 

Vapor 

Liquid 

Vapor 

Liquid 

Vapor 

Enthalpy 

En- 

tropy 

Enthalpy 

En- 

tropy 

0 

38.70 

0.01192 

1.373 

10.63 

105.02 

0.0240 

0.2203 

112.35 

0.2446 

120.00 

0.2590 

2 


0.01105 

1.320 

11.17 

105.24 

0.0251 

0.2280 

112.59 

0.2442 

120.26 

0.2586 

4 

42.14 

0.01108 

1.270 

11.70 

105.45 

0.0262 

0.2285 

112.83 

0.2438 

120.52 

0.2581 

5 

43.02 

0.01200 

1.246 

11.07 

105.56 

0.0268 

0.2283 

112.05 

0.2436 

120.65 

0.2579 

6 

43.01 

0.01201 

1.221 

12.23 

105.66 

0.0274 

0.2280 

113.07 

0.2434 


0.2577 

8 

45.74 

0.01205 

1.175 

12.76 

105.87 

0.0285 

0.2276 

113.31 

0.2430 

10221 

0.2572 

10 

47.63 

0.01208 

1.130 

13.20 


0.0206 

0.2272 

113.55 

0.2426 

121.30 

0.2568 

12 

40.58 

0.01211 

1.088 

13.82 

106.20 

0.0307 

0.2268 

113.79 

0.2422 

121.56 

0.2564 

14 

51.50 

0.01215 

1.048 

14.36 

106.50 

0.0319 

0.2264 


0.2418 

121.82 

0.2560 

16 

53.66 

0.01218 

1.009 

14.00 

106.71 

0.0330 

0.2260 

114.25 

0.2414 

122.08 

0.2556 

18 

55.70 

0.01222 

0.9721 

15.44 

106.92 

0.0341 

0.2257 

114.48 

0.2410 

122.33 

0.2552 

20 

57.08 

0.01225 

0.0369 

15.98 

107.13 

0.0352 

0.2253 

114.71 

0.2406 

122.50 

0.2548 

22 

60.23 


0.9032 

16.52 

107.33 

0.0364 

0.2240 

114.04 

0.2402 

122.84 

0.2544 

24 

62.55 

0.01232 

0.8707 

17.06 

107.53 

0.0375 

0.2246 

115.17 

0.2398 

123.10 

0.2540 

26 

■trim 


0.8308 

17.61 

107.73 

0.0379 

0.2242 

mlMSM 

0.2395 

123.35 

0.2537 

28 

67.40 

0.01230 

0.8100 

18.17 

107.93 

0.0398 

0.2230 

115.62 

0.2391 

123.60 

0.2533 

30 

60.03 

0.01243 

0.7816 

18.74 

108.13 

0.0409 

0.2235 

115.84 

0.2387 

123.85 

0.2529 

32 



0.7543 

19.32 

108.33 

0.0421 

0.2232 

116.07 

0.2383 


0.2525 

34 



0.7283 

19.90 

108.52 

0.0433 

0.2228 

116.29 

0.2380 

124.35 

0.2522 

36 

mSMi 


0.7032 

20.40 

108.71 

0.0445 

0.2225 

116.52 

0.2376 


0.2518 

38 

80.81 

0.01258 

0.6701 

21.09 

108.90 

0.0457 

0.2222 

116.74 

Q.2373 

124.84 

0.2515 

40 • 

83.72 

0.01262 

0.6559 

21.70 


0.0469 

0.2218 

116.96 

0.2360 

125.08 

0.2511 

42 

86.60 

0.01206 

0.6339 

22.20 

109.27 

0.0481 

0.2215 

117.18 

0.2366 

125.32 

0.2508 

44 

80.74 


0.6126 

22.90 

100.45 

0.0493 

0.2211 


0.2363 


0.2504 

46 

02.88 

0.01274 

0.5022 

23.50 


0.0.505 

0.2208 

117.61 

0.2350 

125.80 

0.2501 

48 

06,10 

0.01278 


24.11 

109.80 

0.0516 

0.2205 

117.82 

0.2356 

126.01 

0.2407 

50 

00.40 

0.01282 


24.73 

109.98 

0.0528 

0.2201 

118.02 

0.2353 

*126.27 

0.2494 

52 

102.8 

0.01286 

0.5355 

25.34 


0.0540 

0.2198 

118.22 

0.2350 

126.50 

0.2401 

54 

106.2 

0.01290 

0.5184 

25.05 


0.0552 

0.2104 

118.42 

0.2347 

126.73 

0.2488 

56 

109.8 

0.01294 

0.5014 

26.58 


0.0564 

0.2191 

118.62 

0.2343 

126.96 

0.2484 

58 

113.5 

0.01290 

0.4849 

27.22 

110.63 

0.0576 

0.2188 

118.82 

JO.2340 

127.10 

0.2481 

60 

117.2 

0.01303 


27.83 

110.78 

0.0588 

0.2185 


0.2337 

127.42 

0.2478 

62 

121.0 

0.01307 

0.4546 

28.46 

110.93 


0.2181 

119.21 

0.2334 

127.65 

0.2475 

64 

124.0 

0.01312 

0.4403 

IKIiU 

111.08 

0.0012 

0.2178 

119.40 

0.2331 

127.87 

0.2472 

66 

128.9 

0.01316 

0.4264 

29.72 

111,22 


0.2175 


0.2327 

128.10 

0.2469 

68 

133.0 

0.01320 

0.4129 

30.35 

111.35 


0.2172 

119.77 

0.2324 

128.32 

0.2466 

70 

137.2 

0.01325 

0.4000 

30.09 

111.49 

0.0648 

0.2168 

119.96 

0.2321 

128.54 

0.2463 

72 

141.5 

0.01330 

0.3875 

31.65 

iBilRftl 

0.0661 

0.2165 

120.15 

0.2318 

128.76 

0.2460 

74 

145.0 

0.01334 

0.3754 

32.29 

111.75 


0.2162 


0.2315 

128.97 

0.2457 

76 

150.4 


0.3638 

32.94 

111.88 

0.0684 

0.2158 

120.50 

0.2312 

129.10 

0.2455 

78 

155.0 


0.3526 

33.61 

112.01 


0.2155 

120.67 

0.2309 

129.40 

0.2452 

80 

159.7 



34.27 

112.13 

0.0708 

0.2151 

120.85 

0.2306 

129.61 

0.2440 

82 

164.5 


0.3313 

34.02 

1 12.24 

0.0720 

0.2148 

121.02 

0.2303 

129.82 

0.2446 

84 

160.4 

0.01358 

0.3212 

35.60 

112.36 

0.0732 

0.2144 

121.18 

0.2300 


0.2443 

86 

174.5 


0.31 13 


112.47 


0.2140 

121.34 

0.2297 


0.2441 

88 

170.6 



30.94 

112.57 


0.2137 

121.50 

0.2294 

130.43 

0.2438 

00 

184.8 


0.2928 

37.61 

112.67 

0.0768 

0.2133 


0.2291 


0.2435 

02 

190.1 

0.01379 

0.2841 

38.28 

112.76 


0.2130 

121.82 

0.2288 

130.83 

0.2432 

04 

195.6 

0.01384 

0.2755 

38,97 

112.85 

0.0792 

0.2126 

121.97 

0.2285 

131.03 

0.2429 

06 

201.2 

0.01390 

0.2672 

39.65 

112.03 

«tX6;;9Ki 

0.2122 

122.12 

0.2282 

131.23 

0.2427 

08 

206.8 


|WWjIJ 

40.32 

113.00 

0.0815 

0.2119 

122.26 

0.2279 

131.42 

0.2424 

100 

212.6 


0.2517 

40.98 

113.06 

0.0827 

0.2115 

122.40 

0.2276 

131.61 

0.2421 

102 

218.5 

0.01408 

0.2443 

41.65 

113.12 

0.0839 

0.2111 

122.53 

0.2273 

131.80 

0.2418 

104 

224.6 

0.01414 


42.32 

113.16 

0.0851 

0.2107 

122.66 

0.2270 

131.09 

0.2416 

106 

230.7 

0.01420 

fqpjtTtll 

42.08 

113.20 


0.2104 

122.79 

0.2267 

132.17 

0.2413 

108 

237.0 

0.01426 

0.2233 

43.66 

113.24 

0.0874 



0.2264 

132.35 

0.2411 

no 

243.4 

0.01433 

lifTfffl 

44.35 

113.29 

0.0886 

0.2096 

123.04 

0.2261 

132.53 

0.2408 

112 

249.9 

0.01440 

0.2104 


113.34 

0.0898 

0.2003 

123.16 

0.2258 

132.71 

0.2405 

114 

256.6 

0.01447 

0.2043 

45.74 

113.38 

0.0909 


123.28 

0.2255 

132.88 

0.2403 

116 

263.4 

0.01454 

0.1083 

46.44 

113.42 

0.0921 

0.2085 

123.40 

0.2253 



118 

270.3 

0.01461 

0.1926 

47.14 

113.46 

0.0933 

0.2081 

123.51 

0.2250 

133.22 

0.2398 

120 

277.3 

0.01460 

0.1871 

47.85 

113.52 

0.0945 

0.2078 

123.62 

0.2247 

133.30 

0.2395 


Data from Kinetic Cheniica]a. Inc.. 1045 
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CHAPTER 39 


1949 Guide 


Tablb 8. PBOPaKmn ov AmfOMiA 


Sat. 

Tihp. 

F 

Abb. 
Prbbi. 
Lb fib 
SqIn. 

VOLUMB 

Ebtbalpt and Entbopt Taken Fbom —40 F 

Enthalpy 

Entropy 

100 F Superheat 

200 F Superheat 

Liquid 

Vapor 

liquid 

Vapor 

Liquid 

Vapor 

Enthalpy 

Entropy 

Enthalpy 

Entropy 

0 

50.42 

0.02419 

9.116 

42.9 

611A 

0.0975 

1.3352 

666.8 

1.4439 

720.3 

1.5317 

2 

31.92 

0.02424 

8.714 

45.1 

612.4 

0.1022 

1.3312 

667.6 

1.4400 

721.2 

um 

4 

33.47 

0.03430 

8.333 

47.2 

613.0 

0.1069 

1.3273 

668.4 

1.4360 

722.2 

1.5236 

5 

34.27 

a02432 

8.150 

48.3 

613J 

0.1092 

1.3253 

668.8 

1.4340 

722.6 

1.5216 

6 

35.09 

0.02435 

7.971 

49.4 

613.6 

0.1115 

1.3234 

669J 

1.4321 

723.1 

1.5196 

8 

36.77 

0.02440 

7.629 

51.6 

614.3 

0.1162 

1.3195 

670.1 

1.4281 

724.1 

1.5155 

10 

38.51 

0.02446 

7.304 

53.8 

614.9 

0.1208 

U157 

670.9 

1.4242 

725 0 

1.5115 

12 

4a.31 

0.02451 

6.996 

56.0 

615.5 

0.1254 

1.3118 

671.7 

1.4205 

725.9 

1.5077 

14 

4218 

0.02457 

6.703 

58.2 

616.1 

0.1300 

HlMl 

672.5 

1.4168 

726.8 


16 

44wl2 

0.02462 

6.425 

60.3 

616.6 

0.1346 ■ 

U043 

673.4 

1.4130 

727.8 



46.13 

0.02468 

6.161 

62.5 

617.2 

0.1392 


674.2 

1.4093 

728.7 

1.4963 


48.21 

0.02474 

5.910 

64.7 

617.8 

0.1437 

1.2969 

675.0 

1.4056 

729.6 

1.4925 


50J6 

0.02479 

5.671 

66.9 

618J 

0.1483 

1.2933 

675.8 

1.4021 

mmm 

1.4889 


52.59 

0.02485 

5.443 

691 

618.9 

0.1528 

1.2897 

676.6 

1.3985 

7314 

1.4853 


54.90 

0.02491 

5.227 

71.3 

619.4 

0.1573 

1.2861 

677.3 

1.3950 

732.4 

1.4816 


57.28 

0.02497 

5.021 

73.5 

619.9 

0.1618 

1.2825 

678.1 

1.3914 

733.3 

1.4780 


59.74 

0.02503 

4.825 

75.7 

620J 

0.1663 

1.2790. 

678.9 

1.3879 

734 2 

1.4744 


62.29 

0.02508 

4.637 

77.9 

6210 

0.1708 

1.2755 

679.7 

1.3846 

735.1 

1.4710 


6491 

0.02514 

4.459 

80.1 

621.5 

0.1753 

1 2721 

680.4 

1.3812 

7.<6.0 

1.4676 


67.63 

0 02521 

4.289 

82.3 


0.1797 

1.2686 

681.2 

1.3779 

736.8 

1.4643 


70.43 

0.02527 

4.126 

84.6 

wSS 

0.1841 

1.2652 

681.9 

1.3745 

737.7 

1.4609 


71.87 

0.02530 

4.048 

85.7 

622.7 

0.1863 

1.2635 


1.3729 

•738.2 

1.4592 

40 

73 32 

0.02533 

3971 

86.8 

623.0 

0.1885 

1.2618 


1.3712 

738.6 

1.4575 

41 

74J0 

0.02536 

3.897 

87.9 

623.2 

0.1908 

1.2602 


U696 

739.0 

1.4559 

42 

76J1 

0.02539 

3J23 

89.0 

623.4 

0.1930 

1.2585 

683.4 

1.3680 

739.5 

1.4542 

44 

79 J8 

0.02545 

3.682 

91.2 

623.9 

0.1974 

1.2552 

684.2 

1.3648 

740.4 

1.4510 

46 

82.55 

0.02551 

3.547 

93J 

624.4 

0.2018 

1.2519 

684.9 

U616 

741.3 

1.4477 

48 

85.82 

Oi)2558 

3.418 

95.7 

624.8 

0.2062 

1.2486 

685.6 

1.3584 

742.2 

1.4445 

50 

89.19 

0.02564 

3.294 

97.9 

625.2 

0.2105 

*1.2453 

686.4 

U552 

743.1 

1.4412 

52 

92.66 

a02571 

3.176 

100.2 

625.7 

0.2149 

1.2421 

687.1 

1J521 

744.0 

1.4382 

54 

96.23 

0.02577 

3.063 

102.4 

626.1 

0.2192 

1.2389 

6S7JR 

1J491 

744.8 

1.4351 

56 

99.91 

0 02584 

2954 

104 7 

626.5 

0.2236 

1.2357 

688.5 

1.3460 

745.7 

1.4321 

58 

103;7 

0.02590 

2.851 

106.9 

6269 

0.2279 

1.2325 

689.2 

1J430 

746.5 

1.4290 

60 

107.6 

0.02597 

2.751 

109 2 

627.3 

0.2322 

1.2294 

689.9 

13399 

747.4 

1.4260 

62 

111.6 

0.02604 

2.656 

111.5 

627.7 

0.2165 

1.2262 

690.6 

1.3370 

748.2 

1.4231 

64 

115.7 

0 02611 

2.565 

113.7 

628.0 

0.2408 

1.2231 

691.3 

1.3341 

749.1 

1.4202 

66 

120.0 

002618 

2.477 

116.0 

628.4 

0.2451 

1.2201 

691.9 

1.3312 

749.9 

1.4172 

68 

124.3 

0.02625 

2.393 

118.3 

628.8 

0.2494 

1.2170 

692.6 

1.3283 

750.8 

1.4143 

70 

128.8 

0.02632 

2.312 

120.5 

629.1 

0.2537 

1.2140 

691.3 

1J254 

751.6 

1.4114 

72 

133.4 

0.02639 

1 

2.235 

122.8 

629.4 

0.2579 

1.2110 

694.0 

1.3226 

752.4 

1.4086 

74 

138.1 

0.02646 

2.161 

125.1 

629.8 

0.2622 

1.2080 

694.6 

1.3199 

753.3 

1.4059 

76 

143.0 

0.02653 

2.089 

127.4 

6301 

0 2664 

1.2050 

695.3 

1.3171 

754.1 

1.4031 

78 

147.9 

0.02661 

2.021 

129.7 

630.4 

0.2706 

1.2020 

695.9 

1.3144 

755.0 


80 

153.0 

0.02668 

1.955 

1.12.0 

6.10.7 

0.2749 

1.1991 

696.6 

1.3116 

755.8 

1.3976 

82 

158.3 

I 0.02675 

1.892 

134.3 

631.0 

0.2791 

1.1962 

697.2 

1.3089 

756.6 

1.3949 

84 

163.7 

0.02684 

1.831 

1.16.6 

6.1U 

0.2833 

1.1933 

697.8 

1.3063 

757.4 

1.3923 

86 

169.2 

1 0.02691 

1.772 

138.9 

631.5 

0.2875 

1.1904 

698.5 

1.3040 

758.3 

1.3896 

88 

174.8 

0.02699 

1.716 

141.2 

6318 

' 0.2917 

1 1875 

699.1 

1.3010 

759.1 

1.3870 

90 

18a6 

0.02707 

1.661 

143.5 

632.0 

0.2958 

1.1846 

699 7 

1.2983 

759.9 

1.3843 

92 

186.6 

0.02715 

1.609 

145.8 

632.2 


1.1818 

700.3 

1.2957 

760.7 

1.3818 

94 

192.7 

a02723 

1.559 

148.2 

632.5 


1.1789 

700.9 

1.2932 

761.5 

1.3793 

96 

198.9 

a02731 

1.510 

150.5 

632.6 

0.3083 

1.1761 

701.5 

1.2906 

762.2 

1.3768 

98 

205J 

0027.39 

1 1.464 

152.9 

632.9 

0 3125 

1.1733 

702.1 

IFMI 

761.0 

1.3743 

100 

211.9 

0.02747 

1.419 

155.2 

633.0 

0.3166 

1.1705 

•702.7 


763.8 

1.3718 

102 

218.6 

0.02756 

1J75 

157.6 

633.2 

0.3207 

1.1677 

703.3 


764.6 

1.3693 

104 

225.4 

0.02764 

U34 

159.9 

633.4 

0.3248 

1.1649 

703.8 

1.2805 

765.3 

1.3668 

106 

232:5 

0.02773 

1.293 

162.3 

633.5 

0.3289 

1.1621 

704.3 

1.2^80 

766.1 

1.3643 

108 

239.7 

0.02782 

1.254 

164.6 

633.6 

0.3330 

1.1593 

705.0 

1.2755 

766.9 

1.3619 

110 

247 0 

0.02790 

1.217 

167 0 

633.7 

0.3372 

1.1566 

705.5 

1.2731 

767.6 

1.3596 

112 

254.5 

0.02799 

1.180 

169.4 

633.8 

0.3413 

1.1538 

706.1 

1.2708 

768.3 

1.3573 

114 

262.2 

0.02808 

i:i45 

171.8 

633.9 

0.3453* 

1.1510 

706.6 

1.2684 

769.1 

1.3550 

116 

270.1 

0.02817 

1.112 

174.2 

634.0 


1.1483 

707.2 

1.2661 

769.8 

1.3527 

118 

278.2 

0.02827 

1.079 

176.6 

634.0 

tllim 

1.1455 

707.7 

1.2636 

770.5 

1.3503 

120 

286.4 

0.02836 

1.047 

179.0 

634.0 

t£i 1 

1.1427 

708.2 

1.2612 

771.3 

1.3479 

122 

2948 

0.02846 

1.017 

181.4 

634.0 

0.3618 

1.1400 

708.6 

1.2587 

772.0 

1.3455 

124 

303.4 

0.02855 

0.987 

183.9 

634.0 

0.3659 

1.1372 

709.1 

1.2563 

772.8 

1.3431 

126 

312.2 

0.02865 

0.958 

186.3 

633.9 

OJ700 

1.1344 

709.6 

1.2538 

773.5 

1.3407 

128 

321J 

a02875 

0.931 

m 

633.9 

OJ741 

1.1316 

710.0 

1.2513 

77AJ2 

1J383 
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of refrigerant which is present in vapor form. Consider, for example, F-12 
with a quality (the per cent in vapor form) of 30 per cent ; the enthalpy of 
this material would be equal to : 

- Ai + 0.30 (hr - W (4) 

where * 

hia * specific enthalpy of the mixture. 

hi « specific enthalpy of the liquid. 

hy ■> specific enthalpy of the saturated vapor. 

Values of ht and hy are obtained from Table 1 for the actual pressure of 
the mixture. 

By a reversal of this same procedure the tabular data can be used to 
determine the state of a mixture leaving an expansion valve. Consider a 
valve to which saturated liquid at pressure p. is admitted and a mixture of 
saturated liquid and vapor at pressure pd is discharged. The quality of 
the material at discharge is then determined by making use of the fact that 
the expansion process is completely irreversible, is a throttling process, and 
hence occurs without change in enthalpy. Thus the enthalpy of the mix- 
ture, hmy is equal to the enthalpy of the saturated liquid at the entrance 
state, Af., and can therefore be read from the table. 

Thus, 

^ Avd — (1 — (hyd — ^fcl) (5) 

or, 

X = (hm — ^m) + {hyd — htd) (6) 

where 

htm = enthalpy of saturated liquid at entrance to expansion valve. 

/hn » enthalpy of mixture. 

hyd enthalpy of saturated vapor at discharge. . 

htd — enthalpy of liquid at discharge. 

X » proportion of liquid in the mixture, decimal. 

Vapor Compression Refrigeration Cycle 

Simple Cycle, The refrigerant cycle is the series of state changes which 
occur in the conditioning processes needed to restore the refrigerant to a 
condition in which it will possess the ability to extract heat from the space 
to be cooled. For all compression-type systems the cycle consists of four 
processes: heat gain in the evaporator; pressure rise in the compressor; 
heat loss in the condenser ; pressure loss in the expansion valve. The com- 
pression process is accomplished at the expense of energy added to the 
compressor in the form of shaft work and the expansion process could be 
carried out, if tlie economics of the sj^stem would permit, in an expanding 
engine with consequent release of energy as shaft work. In ordinary sys- 
tems, however, the additional first cost and maintenance costs of an expwd- 
ing engine so greatly exceed the advantage resulting from the work realized 
that such engines are not used and the pressure reduction is allowed to 
occur irreversibly in an expansion valve. Basically, then, a refrigeration 
cycle consists of two heat transfer processes and two pressure change proc- 
esses, no work entering into the heat transfer processes and — ^in the simple 
cyde — ^no heat transfer occurring during the pressure-change processes. 
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The most common and least complicated type of refrigeration cycle is 
called the simple saturation cycle and is shown diagrammatically in Fig. 3 
and plotted upon pressure-enthalpy coordinates in Fig. 4. For this system 
saturated vapor flows without gain or loss of heat from the evaporator to 
the suction of the compressor. During passage through the compressor 
the energy added as shaft work goes entirely to increase the enthalpy of 
the refrigerant, and the compression process, which is assumed to occur 
irreversiHy and without external heat transfer, is characterized by constant 
entropy. Thus the state of the superheated vapor leaving the compressor 
can be determined from the tables of thermodynamic properties by noting 
the discharge pressure and fixing also the entropy of the saturated vapor 
at entrance to the compressor. 


Table 4. Properties of Monofluorotrichloromethane (F-11) 


Vapor 


13.700 
12.100 

10.700 
9.530 
8.490 
7,580 

5.57 0.01045 6.770 
6.27 0.01049 6.080 
7.03 0.01053 5.460 
7.88 0.01057 4.920 

8.79 0.01062 4.440 

9.80 0.01066 4.020 

10.90 0.01071 3.640 
12.10 0.01076 3.300 
13.40 0.01081 3.000 

14.80 0.01086 2.740 

16.30 0.01091 2.500 

17.90 0.01096 2.280 
19.70 0.01101 2.090 

21.60 0.01106 1.918 

23.60 0.01111 1.761 

25.90 0.01116 1.620 


Superheated vapor from the compressor flows to the condenser where 
de-superheating and condensation take place. From the condenser the re- 
frigerant flows to the expansion valve, undergoes a constant-enthalpy pres- 
sure reduction and returns to the evaporator where it again removes a 
quantity of undesired heat. When the evaporator is arranged to permit 
direct cooling of room air by the refrigerant, the system is said to be of the 
dired expansion type, while a system in which the evaporating refrigerant 
cools water or brine, which in turn cools the air, is said to be indirect. 
Although many differences exist between most actual systems and that of 
the simple saturation cycle this latter is nonetheless of great value in that 
it provides an extremely simple method of rapidly achieving an approximate 
analysis of probable power requirements, compressor size, etc. Further, 
the equations used in analysis of a simple saturation cycle form the basis 
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of the more complex treatments required for compound refrigeration cycles. 
For these reasons a typical simple saturation problem will be worked in 
detail. 

Example 1 . A simple saturation cycle carries a 7 ton load when operating between 
suction and discharge pressures of 52.7 psfa and 121 psia with F-12 as the refrigerant. 
Determine: (o) the cooling effect provided by each pound of refrigerant, (h) the re- 
frigerant circulating rate, (c) the horsepower required, (d) the quantity of neat to be 
dissipated from the condenser, (c) the required condenser cooling water, in gallons 
per minute, if temperature rise of water passing through the condenser is 8 deg, (f) 
the bore and stroke of a double acting cylinder (neglecting the effect of the piston 
rod) if speed of compressor is 600 revolutions per minute, (g) coefficient of perform- 
ance. 

Solution, (a) Saturated liouid F-12 at 121 psia leaves the condenser and enters 
the expansion valve. The enthalpy of this material (from Table 1) is 29.68 Btu per 
pound and this must also be its enthalpy at entrance to the evaporator. Leaving the 
evaporator as a saturated vapor at 52.7 psia, its enthalpy is 82.82 so the refrigerating 
effect must be 82.82 — 29.68 = 53.14 Btu per pound. 

(6) The refrigerant circulating rate is equal to the total heat to be picked up in unit 
time divided by the pick-up per pound of refrigerant or, 

Wt = (7 ton X 200) - 5 - 53.14 = 26.3 lb per minute. 


Heat of Compression 
Added to Gas 



(c) The horse power required is equal to the increase in energy of the refrigerant 
passing through the compressor (expressed in Btu per minute) divided by the con- 
version factor 42.42, which is the number of Btu per minute corresponding to 1 hp, 

(hp) = ITr (Ai - ^v.) -s- 42.42 (7) 


where 

hp ** horsepower. 

Ir r * refrigerant circulating rate in pounds per minute. 

hd =“ enthalpy of vapor at condition of discharge from compressor. 

hvB « enthalpy of saturated vapor entering compressor. 

Wth known from (5) and hyu is the enthalpy of refrigerant as it enters the com- 
pressor in a saturated vapor state at 52.7 psia; thus hvi « 82.82. 

In order to determine Ai, the state of the refrigerant must first be determined at 
the compressor discharge. At the known suction state the entropy (from Table 1 
for saturated vapor at 52.7 psia) is 0.16828 and, since the compression is assumed to 
occur isentropicmly, it therefore follows that the discharge state must have the same 
entropy at 121 psia. From the table the entropy of vapor superheated ^ deg is 
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0.17880, ao the superheat, lid, possessed by the actual gas discharged from this com- 
pressor can be obtained by interpolation as, 

^ ^ 0.16828 - 0.16608 
26 " 0.17330 - 0.16608 


from which lad >■ 7.6 deg. 

As the saturation temperature at 121 psia is 94 F the actual temperature, Id, of the 
vapor leaving the compressor is, Id =* 94 -f <id =* 94 + 7.6 « 101.6 F. By the same kind 
of interpolation the enthalpy of the discharged vapor can be determined from the 
enthalpies given for vapor superheated 25 F and for saturated vapor, 

(Ad - 88.10) (q.1^828 - 0.16608) 

(92.16 - 88.10) (6.17330 - ai6608) 

from which, hd 89.34 Btu per pound. 

Then substituting in Equation 7, 

(hp) « 26.3 (89.34 - 82.82) 42.42 » 4.03 

(d) The rate of heat loss from the condenser, Qe, must be equal to the sum of the 
energies picked up by the refrigerant in the evaporator and the compressor, 

Qo - 63.14 + (89.34 - 82.82) - 53.14 + 6.52 - 59.66 Btu per pound or 26.3 X 
59.66 1569 Btu per minute. This same figure can, of course, be determined more 



Fig. 4. Pressube-Enthalpy Diagram 
FOR Simple Saturation Cycle 


directly by subtraction of the enthalpy of liquid leaving the condenser from the en- 
thalpy of superheated vapor going into it, thus, 

Qe » 26.3 (89.34 — 29.68) = 1569 Btu per minute. 

(e) The cooling water rate (based on a gallon as 8.34 lb) is 1569 (8 X 8.34) = 

23.5 gpm. 

(f) The compressor size is fixed by the volume of gas which must be drawn into the 
machine per unit time. Saturated vapor at 52.7 psia has a specific volume, from 
Table 1, of 0.779 cu ft per pound, hence 26.3 X 0.779 =* 20.49 cfm of gas must be 
handled. Assuming a volumetric efficiency of 90 per cent the compressor must then 
displace 20.49 -s- 0.9 » 22.8 cfm. The speed is given as 500 rpm and as the unit is 
known to be double-acting the displacement is therefore (22.8 X 1728) ^ (2 X 500) » 
39.4 cu in. If the unit were designed so that bore, d, and stroke were the same, 

(xd*) -J* 4 - 39.4 d - 3.69 in. 

(CP) - . - hu) + (Ad - 

- (82.82 - 29.68) -i- (89.34 - 82.82) - 8.17 
where Afi is the specific enthalpy of liquid at discharge from the condenser. 

The coefficient of performance of Example 1 may be compared with that 
of an ideal Bysbem operating on the Carnot cycle between the game tempera- 
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ture limits. Then T. — 601 F (which is 41 F + 460) and To * 564 F 
(which is 94 F + 460) and, 


The actual cycle is therefore 8.17 9.6 or 86 per cent as effective as a 

Carnot cycle between the same temperature limits. 

Influence of Suction Pressure 

Brief consideration of the analytical procedure used in discussion of the 
simple saturation cycle will bring out the need for maintaining the suction 
pressure on any refrigeration system as high as the load will permit. As 
the suction pressure increases, for fixed discharge pressure, the enthalpy 
of refrigerant entering the evaporator remains unchanged, but the leaving 
enthalpy increases and hence the refrigerating effect increases. Further, 
compressor energy input is reduced not merely because of the greater 
enthalpy of the gas at suction, but also because of a reduction in the en- 
thalpy of the superheated gas at discharge. Since the refrigerating effect 
is greater and the work less, it is obvious that there will be a substantial 
gain in the coefficient of the performance. 

The actual value of suction pressure on any system is obviously de- 
termined by the required temperature which must be maintained in the 
conditioned space. For a direct expansion system the evaporator can be 
held at a temperature not much less than that of the conditioned enclosure 
except in cases where lower temperatures may be needed in order to es- 
tablish a desired ratio of dehumidifying to cooling load. When dehumidi- 
fication requirements dictate the use of unusually low evaporator 
temperatures the increased operating cost should properly be charged 
against the dehumidification rather than the sensible cooling. 

Influence of Discharge Pressure 

In contrast to the suction pressure, the compressor discharge pressure 
should be kept as low as operating conditions will allow. This pressure 
must be high enough to provide a saturation temperature of refrigerant 
within the condenser which is greater than the exit temperature of the 
cooling water. The discharge pressure therefore is a direct function of 
the temperature of the cooling fluid and will automatically rise whenever 
the temperature of cooling water (or air) rises; it will also rise when the 
flow rate of the cooling medium is decreased. 

Increase in discharge pressure (for fixed suction pressure) raises the 
enthalpy of the gas leaving the compressor, hence increases the work of 
compression. Further, the enthalpy of saturated liquid leaving the con- 
denser increases with pressure so the refrigerating effect must decrease. 
Thus the effect of such a pressure rise is to require more work per pound of 
refrigerant handled and at the same time to necessitate an increase in the 
refrigerant flow rate. 

Influence of Water Jacket 

The preceding discussion has, in every case, assumed isentropic com- 
pression. Where exact performance data are not available this assumption 
is a desirable one since it leads to a conservatively large determination 
of the power required. In most actual systems the compression process 
departs from isentropic due to irreversible heat transfers which occur 
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between the vapor in the cylinder and the cylinder wall and also because 
of intentional heat dissipation from the outside of the cylinder walls to the 
surroundings, or to a cooling fluid passing through a water jacket around 
the cylinder. Compressor cooling is highly desirable as a method of re- 
ducing power consumption. 

Influence of Superheating and Subcooling 

The most common departure from conditions of the simple saturation 
cycle is that resulting from admission of superheated vapor to the com- 
pressor. Thermodynamically, superheat is undesirable since the enthalpy 
increase required to compress a vapor through a given pressure range 
increases with superheat. Further, superheated vapor leaving an evapo- 
rator is usually an indication that the suction pressure is lower than 
necessary. Under practical operating conditions, however, superheat is 
almost universally used as a means of assuring complete vaporization 
of the refrigerant going to the compressor. With modem compressors 
operating at high speed and with relatively small clearance space it is 



Fia. 5. Prbssurb-Enthalpt Diagram for Rbfrigbration 
Cyclb with Subcooling and Supbrhbating 

particularly necessary to avoid admission through the suction valves of 
liquid refrigerant. 

Another common departure of actual systems from the simple satu- 
ration cycle occurs because of subcooling of refrigerant in the condenser. 
Thermodynamically such subcooling is advantageous since it increases 
the refrigerating effect without affecting the unit energy requirements 
of the compressor. Further, it can be shown that for a fixed ratio of con- 
denser cooling water to refrigerant circulating rate the total compressor 
power requirements will be greater when operating simple saturation 
than when operating with maximum sub-cooling. What is even more 
surprising is that condenser pressure may be lower for the sub-cooling 
cycle than for the saturation cycle; this condition results from the fact 
that, for the same capacity on a heavily loaded condenser, the refrigerant 
flow rate is less when there is sub-cooling. 

Because of the advantages attendant upon the use of sub-cooling, many 
methods are in use for obtaining some sub-cooling effect outside of the 
condenser. One common procedure is to use the cold vapor leaving the 
evaporator to cool the liquid flowing from condenser to expansion valve. 

Amother somewhat unusual subcooling cycle allows cold refrigerant from 
the downstream side of the expansion valve to cool liquid refrigerant from 
the condenser down to the evaporator temperature. Fig. 5 i^ows the 
pressure-enthalpy diagram for a typical refrigeration cycle operating wi^ 
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both sub-cooling of the refrigerant from the condenser and superheating of 
the refrigerant leaving the evaporator. 

Clearance and Volumetric Efficiency 

Clearance, like displacement, is a characteristic — usually fixed — of a 
given compressor. In some cases clearance pockets are provided which 
place within the operator’s control the ability to alter the clearance of the 
machine, but most moderate size compressors are built with fixed clearance. 
By definition the clearance is the percentage of the volume swept by the 
piston which is represented by spaces in the end of the cylinder (including 
valve spaces, etc.) when the piston is at the end of its stroke. 

Because of the trapping of high pressure vapor in the clearance space, 
and its subsequent re-expansion, the suction valves of the compressor 
do not open until the piston has completed part of its stroke. Hence the 
volume of fresh vapor introduced into the compressor per stroke is less 
than the volume swept by the piston. The ratio of actual volume of 
fresh gas to swept volume is, by definition, the clearance volumetric effi- 
ciency, CVE. In equation form, 

(CVE) - 100 - F. - 1 J (9) 

wfiere 

(;VE = clearance volumetric efficiency. 

Vo = clearance, per cent of volume swept by piston, which is contained in spaces 
at end of cylinder when piston is at end of stroke (clearance includes valve 
spaces, etc.). 

Vb *= specific volume of gas at compressor inlet. 

Vd ~ specific volume of gas at compressor discharge. 

Values of r, and Vd can be obtained directly or by calculation from the 
tables of properties of refrigerants. 

In addition to clearance, there are several other factors which tend to 
reduce the volumetric efficiency. The suction gases from the evaporator 
are heated and expanded upon contact with the hot cylinder walls during 
the suction stroke. This results in a reduction of the actual charge drawn 
into the cylinder. Wire-drawing through the suction and discharge valves 
reduces the suction pressure in the cylinder below that in the evaporator 
and increases the discharge pressure above that in the condenser. leakage 
of gases around the pistons also decreases the volumetric efficiency. The 
total volumetric efficiency (TVE) includes all of these factors and is reliably 
obtained only by laboratory measurements. It is too difficult to predict 
the effects of these factors to any degree of accuracy comparable to actual 
tests. 

Complex Refrigeration Cycles 

The preceding sections have dealt only with refrigeration systems in 
which there is but one evaporator, compression is accomplished through 
but a single stage, and expansion proceeds through a single expansion valve. 
In large systems or in low temperature systems in which the compression 
ratio is high, the compression process can be carried out in stages with the 
refrigerant passing through several cylinders arranged for operation in 
series. The thermodynamic advantage of such compound compression 
arises from the fact that intercoolers can be placed between the stages of 
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oompre8aio& to extract heat from the vapor and thereby cause the over-all 
compression process to approach more closely the ideal condition of iso- 
thermal compression. Essentially such intercoolers serve the same purpose 
as a cooling jacket but with greater effectiveness because of the more satis- 
factory heat transfer conditions. 

In the simple saturation cycle the saturated liquid entering the expansion 
valve commences to vaporize as soon as its pressure starts to drop. The 
vapor produced during the expansion process has no further use, in terms 
of refrigerating effect, since it has already picked up its latent heat of 
vaporization as a result of heat which it has extracted from the unvaporized 
residue. Thus the instant such vapor forms, its usefulness is at an end, and 
to allow such material to undergo a further drop in pressure is uneconomical. 
With compound compression, there is at least one intermediate pressure 
at which flash vapor can be extracted. In such cases several expansion 
valves can be utilized with all of the refrigerant from the condenser passed 
through a first expansion valve to the higher suction pressure and the 
flash vapor then extracted and returned to the condenser through the high 
compression stage. The remaining refrigerant can then pass through a 
second expansion valve where the pressure is dropped to that corresponding 
to the low-pressure evaporator. The number of expansion valves is limited 
by the number of stages of compression. 

Further cycle complications may arise if more than one evaporator is to 
be operated with a single compressor and particularly if the pressures in 
these evaporators are to differ. The most common solution is to operate 
the compressor at the suction pressure of the lowest pressure evaporator 
and to equip all other evaporators with back-pressure regulating valves or 
throttling devices between the evaporator and the compressor suction. 
This permits these evaporators to operate at higher pressures and, there- 
fore, higher temperatures than those corresponding to the compressor 
suction conditions. However, this is accomplished only with a loss of 
power, since all of the refrigerant from all of the evaporators must be 
compressed through the maximum lift from the lowest pressure in the 
^stem. 

The Air Cycle System 

Air cycle refrigeration, one of the earliest forms of cooling, became 
obsolete for many years because of its low coefficient of performance and 
high operating costs. Recently, however, it has been applied with success 
to aircraft cooling systems where, with low equipment weight, it can utilize 
a portion of the cabin air supercharger capacity. It is unique among 
refrigeration systems in that the refrigerant remains in the gaseous phase 
throughout the cycle. 

Fundamentally, the air cycle is essentially the same as the vapor cycle. 
Compression is accomplished by a reciprocating or centrifugal compressor, 
and, since there is no change of phase of the refrigerant upon expansion, 
an air cooler replaces .the condenser and a refrigerator the evaporator. 
Although some cooling would result from the expansion of the gas throu^ 
an ordinary expansion valve, a much greater drop in air temperature is 
accomplished if the expansion is controlled to approach the isentropic by 
replacing the valve with an expansion engine or turbine. Furthermore, 
the work recovered by such an expansion engine can be utilized to supply 
part of the work of compression or to drive other devices. 

It is a conunon misconception that aircraft flown at high altitudes do 
not require comfort cooling. With pressurized cabins the work of com- 
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pression results in an air temperatiire increase which, when added to the 
heat supplied by solar radiation, electrical and mechanical equipment and 
the occupants of the plane, may make the conditions intolerable without 
comfort cooling. Several (Afferent refrigeration systems have been applied 
to aircraft conditioning, but by far^the most successful system to date is 
the air cycle system. For example, in one commercial plane the weight 
requirements were reduced from approximately 60 pounds per ton for a 
vapor compression system or an initial weight of 130 pounds per ton for a 
dry ice system to approximately 25 pounds per ton for an air cycle system. 
For further details on the air cycle system, see bibliography references 
A and H. 

The Steam Jet System 

The steom system under certain circumstances is desirable for use 
in air conditioning^ Steam supplies directly the power used for com- 



Fig. 6. Diagrammatic Arrangement of Steam Jet Vacuum Cooling Unit 


pressing the refrigerant, thus eliminating the losses connected with other 
methods of supplying energy. As the compression ratio between the 
evaporator and condenser under normal circumstances is large, the mechan- 
ical efficiency of the equipment is somewhat lower than that of the positive 
mechanical type compressor. The condensing water requirements are 
considerably greater, as both the refrigerant and the impelling steam must 
be condensed. 

The steam jet system functions on the principle that water under high 
vacuum will vaporize at low temperatures. Steam jet boosters or com- 
pressors of the type commonly used in power plants for various processes 
will produce the necessary low absolute pressure to cause evaporation of 
the water. 

A diagrammatic representation of a typical steam ejector water cooling 
system is shown in Fig. 6. The figures correspond to an average repre- 
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sentative system. The water to be cooled enters the evaporator and is 
cooled to a temperature corresponding to the vacuum maintained. Be- 
cause of the high vacuum, a small amount of the water introduced in the 
evaporator is flashed into steam. As this requires heat, and the only 
source of heat is the rest of the water in the evaporator tank, this other 
water is almost instantly cooled to a temperature corresponding to the 
boiling point determined by the vacuum maintained. The amount of 
water flashed into steam is a small percentage of the total water circulated 
through the evaporator, amounting to approximately 11 lb per hour per 
ton of refrigeration developed. The remainder of the water at the desired 
low temperature is pumped out of the evaporator and used at the point 
where it is required. 

The ejector compresses the vapor which has been flashed in the evapo- 
rator, plus any entrained air taken from the circulated water, to a some- 
what higher absolute pressure and the vapor and air mix with the impelling 
steam on the discharge side of the jet. The total mixture then passes from 
the ejector into the condenser. 

The slight amount of air which may be entrained in the cooled water is 
removed by a small secondary ejector which raises the pressure sufficiently 
so that the air can be discharged to the atmosphere. A secondary con- 
denser is then necessary to condense the steam in the secondary jet. 

While a single booster of smaller than 15 tons capacity is difficult to 
build, steam jet vacuum cooling units have been built for as small as 5 
to 6 tons capacity. They can readily be built for steam pressures of from 
5 to 200 lb per square inch and condenser water temperatures as high as 
90 F. The steam consumption in pounds per hour per ton of refrigeration 
increases rapidly as the booster steam pressure is lowered. For example, 
the lowering of the booster steam pressure from 200 to 90 lb per square 
inch results in an increase in steam consumption of approximately 5 per 
cent, whereas a further decrease in booster steam pressure to 10 lb per 
square inch increases the steam consumption by approximately 72 per cent 
over that required at 200 lb per square inch. 

The capacity of a steam jet system is usually controlled by controlling 
the number of boosters in use since the unit usually has several boosters 
operating on the same evaporator. Usually one booster is automatically 
controlled whereas the others are manually operated. The capacity is 
dependent, as for all compressors, upon the evaporator temperature, or 
in other words, the suction pressure. For example, the capacity is lowered 
approximately 17 per cent if the evaporator or chilled water temperature 
is lowered from 50 to 45 F. The capacity therefore can be controlled to 
some extent by regulating the evaporator temperature. 

The Absorption System 

The absorption and compression refrigeration cycles differ only with 
respect to the method of compression. Each cycle requires a condenser, 
expansion valve, and evaporator, but the absorption cycle utilizes three 
major equipments in place of the mechanical compressor; these equipments 
are the absorber^ the pump, and the generator. Vapor from the evaporator 
is absorbed by a low temperature absorbent fluid which is then pumped to 
the generator where heat is supplied to boil off the refrigerant. The ab- 
sorbent is now cooled and readmitted, through a pressure-reducing valve, 
to the absorber. 

In addition to the three primary equipments of the absorption cycle it 
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is necessary to provide auxiliary equipment, usually an analyzer and a 
rectifier, to remove from the refrigerant leaving the generator, insofar as 
is possible, the absorbent which vaporizes and leaves the generator with 
the refrigerant. Removal of this material is of great importance to effec- 
tive operation of the system, since even a small concentration of absorbent 
in the refrigerant will suffice to reduce greatly Che evaporator pressure 
required for maintenance of a given evaporator temperature. Thermo- 
d3niamic analysis of absorption cycles is relatively complex and requires 
the use either of tables or graphs showing the equilibrium relationships 
and thermodynamic pro^rties of the refrigerant-absorbent combination. 
Data of this Und are available in bibliography item A and a discussion of 
various absorbents is given in bibliography item F. Thermodynamically 
the effectiveness of a refrigerant-absorbent combination increases ffirectly 
with its negative deviation from Raoult’s Law. 

Fig. 7 shows a typical absorption cycle fiow diagram. Cooling water 
first goes through the absorber (where it extracts the heat of absorption 



Fig. 7. CrosED Absorption System 


which is liberated by the refrigerant vapor as it goes into solution), then 
through the condenser, and finally through the rectifier. Refri^rant 
from the evaporator enters the absorber where it goes into solution in the 
absorbent ; the high concentration solution is then pumped to the generator 
where heat is supplied ; the refrigerant (with some absorbent vapor) leaves 
for the rectifier and the warm low concentration solution is returned to 
the absorber. In the rectifier selective condensation occurs, the concen- 
tration of the absorbent in the condensate being much greater than its 
concentration in the entering vapor mixture ; rectifi^er condensate is dripped 
back to the generator. 

The total energy requirements of an absorption cycle greatly exceed 
those of a compression system, but the energy required is of low availability 
(heat) in contrast with the high availability requirements (shaft work) 
of the mechanical compressor. Thus in localities where heat and cooling 
water are obtainable at low cost, it will be more economical to use a large 
quantity of inexpensive thermal energy in preference to a much smaller 
quantity of expensive shaft energy. For most absorption ^sterns the 
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heat required will be from one and one-half to five times as much as the 
heat extracted in the evaporator; cooling water requirements are propor- 
tionally high. 

Ice Systems 

Cold water systems using ice as the cooling agent have been installed 
in many theaters, restaurants, funeral homes, churches and other places 
where short hours of operation and high peaks of cooling demand make 
this type of system desirable. A comparatively small quantity of ice in 
the water cooling tank of such a system can release refrigeration at a rela- 
tively rapid rate. For instance, neighborhood theaters having a peak 
demand of 1,200,000 Btu per hour (IM tons refrigeration) have foimd 8 
ton capacity ice bunkers satisfactory. 

In operation, the water in the air conditioning system is circulated over 
ice placed in an insulated box and is cooled to the 38 or 40 F range or higher 



if desired. This cold water is pumped from the ice bunker to air cooling 
coils or spray type air washers. The blowers, coils, air washer or air han- 
dling sections are the same as those parts in any system employing cold 
water as a refrigerant. 

The ice water cooler or ice bunker is usually built at the installation in 
a location where it can easily be iced. It can be constructed of any de- 
sired material such as concrete, steel, or wood with an adequate amount 
of insulation to save the ice from one period of use to the next. The basic 
requirement is that the tank be durable and water tight. A typical bunker 
with connections to a coil type air conditioning system is shown in Fig. 8. 
About 60 cu ft of gross bunker volume are allowed per ton of ice capacity. 

The shape of the bunker usually conforms to the available space. The 
one illustrated has overhead sprays, but if head-room is lacking the ice is 
placed on the floor of the bunker with the water returned around the lower 
part of the blocks from a perforated distribution pipe run along one side 
of the bunker. To secure good circulation the supply water is extracted 
from a similar perforated pipe on the opposite side of the bunker. 

The temperature of the water is controlled at a predetermined point 
by a thermostat in the supply line. If the temperatiire drops too low, a 
part of the return water is by-passed directly to the sump and is not cooled 
over the ice. In the larger systems it is customary to install an overfiow 
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control which, as the ice mdts, discards the excess water through an econo- 
mizer coil, the surface of which is larj^ in relation to the flow so that the 
water is warmed to 60 F or more as it is discharged from the system. 

In an attempt to lower initial equipment cost and operating expense, or 
increase the refri^ration capacity of an existing air conditioning Gfystem, 
storage refrigeration has been utilized in a few applications. Some of 
the methods which have been adopted include the storage of refrigeration 
in the form of chilled water, chilled brine, ice on evaporator coils^ and the 
accumulation of thin sheets of ice on copper plates in a steel tank*. If the 
peak load factor is low as compared with a long period of operation, such 
as in a restaurant, or if the hours of operation are ^ort but the usage factor 
high as in a church, then it is possible to consider storage refrigeration. 
TUs method of accumulating refrigeration frequently makes it possible to 
use low cost off-peak electric power. Power costs may also be reduced by 
installing a smaller refrigeration plant, augmented by a storage system, ana 
by operating it for longer periods. 

The Heat Pump 

Although frequently referred to incorrectly as the reverse cycle system, 
the heat pump cycle is identical with the ordinary refrigeration cycle and 
differs only in the sense that the desired effect is rejection of the heat from 
the condenser rather than absorption of heat in the evaporator. A discus- 
sion of the coefficient of performance for the heat pump is found earlier in 
this chapter. 

From an analysis of the equation for the coefficient of performance, it is 
evident that the economical adaption of the heat pmnp as a practicd means 
of heating requires that the temperature of the source from which the heat 
is extracted be as high as possible and that the temperature of the sink to 
which the heat is rejected for heating purposes be as low as possible. Thus, 
with a small temperature spread between the evaporator and the con- 
denser, six or more times as much heat may be obtained theoretically and 
three to five times practically as the heat equivalent of the work necessary 
to operate the system. There are a number of limitations, however, the 
most serious of which is the lack of ready availability of a practical source 
of heat. 

The source of heat supply for the evaporator may be air, ground water 
or the earth itself depen^ng upon the climate and topography : 

1. Air may be used, but its specific heat is low and its temperature uncertain. 
When the most heat is needed, the temperature of the air is the lowest thus resulting 
in the least favorable temperature combination. Practical considerations seem to 
limit the use of present air systems to climates such as those encountered in the 
southern United States where temperatures under 20 F are not experienced. 

2. Water from wells, lakes or rivers may be used. Well water is the most desirable 
since its temperature is fairly constant throughout the entire year. As water tem- 
perature is relatively high, even in winter, a large amount of heat may be removed 
relative to the weight of water handled. Means of returning the water to the under- 
ground reservoir should be provided to prevent depletion. The disadvantages of 
using water include the problem of locating an adequate supply, the cost of pumping 
and the problem of water disposal. 

3. The earth may be used as a source of heat with the refrigerant coils buried in 
the ground or with a heat exchanger supplied by a water-circulating coil buried in 
the ground. One disadvantage appears to be the large amount of heat transfer sur- 
face required. 

Some of the other factors which act as limitations are: the large tem- 
perature spread when using air as a source of heat and when attempting 
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to cool with even moderately low outside temperatures, the frequent 
disparity between the size of the cooling load and heating load requiring 
extra equipment for a complete heating load, and the relatively high initial 
cost of equipment as compared to that at present available for heating by 
conventiond means. 

Both water and air are practical media to which the condenser heat may 
be rejected, but the generation of steam requires too high a temperature. 
Practical operation therefore dictates that the heat pump be used in con- 
junction with either an air or water heating system. 

Since development of a heat pump to date includes the use of air, water, 
and earth as heat sources and air and water as heat sinks, there are six 
possible combinations of source and sink in application : air to air, air to 
water, water to air, water to water, earth to air and earth to water. A 
typical arrangement of a heat pump system with air as the source of heat 
is shown in Fig. 9. If the air seldom drops below freezing, heating is often 
required in the morning and cooling during the afternoon in order to main- 
tain comfortable conditions in such a system. The arrangement as shown 
lends itself to changing over automatically as required. 

BASIC REFRIGERATION EQUIPMENT 
Compression Refrigeration Machines 

Compression of the refrigerant gas drawn from the evaporator may be 
accomplished by one of several means. Positive displacement may be 
used as in the reciprocating, rotary or gear types of compressors; centrif- 
ugal force may be applied as in the centrifugal compressor; an ejector 
may be used as in the steam jet refrigeration cycle; or absorption of a low 
pressure refrigerant gas in a secondary fluid, followed by the absorbent’s 
release upon application of heat, may be utilized. A detailed discussion 
of the equipment required for each of these types of systems is beyond the 
scope of this chapter. For a more comprehensive treatment, reference 
may be made to the bibliography. The present discussion is limited to 
positive displacement reciprocating compressors, rotary compressors and 
centrifugal compressors. 

Reciprocating Compressors 

Reciprocating compressors may be classified according to (a) cylinder 
design, (b) compressor drive, (c) valves, and (d) lubrication and cooling. 

Cylinder Design, Cylinder design may vary as to number, arrangement, and 
action (i.e. single-acting or double-acting). Single-acting compressors usually have 
their cylinders arranged vertically, radi^ly, or in a V or W shaped arrangement. 
Double-acting compressors with refrigerant gas drawn in and compressed on both the 
head and crank ends of the cylinder are usually arranged horizontally. Reciprocat- 
ing units are available with from one to sixteen cylinders with the V, W, or radial 
arrangements best adapted to the greatest numbers. The present trend is toward 
higher operating speeds with a low displacement per cylinder together with an in- 
crease in the number of cylinders. Whereas the original reciprocating compressors 
were slow speed (50 to 55 rpm) steam driven devices, modern electric motor driven 
compressors range up to 3£MX) rpm. Cylinder heads are usually bolted tight to the 
cylinders, but in some large compressors where there is danger of wet compression or 
of foreign materials entering the compressor space, a secondary head known as a 
safety head may be seated at the end of the cylinder and held in position with heavy 
springs. Normally this head remains stationary, but excessive pressures in the 
clearance space are relieved by movement of the safety head and thus prevent damage 
to the cylinder. 

Compressor Drives, Reciprocating compressors may be subdivided as to the 
source of motive power and aa to whether they are open or hermetic. Practically all 
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modern compressors are electric motor driven although a few large, steam-driven 
compressors are still being installed where steam forms the most economical source 
of enersy. In a few cases, as with truck transportation, the compressor may be 
internal combustion engine driven. 

The division of compressors into open or closed types is dependent upon whether 
the motive power is received from an external source or whether the motor is direct 
drive and sealed within the housing. In the open type, ^ower is received from an 
external source with one end of the compressor crankshaft extending through the 
crankcase and usually V-belt driven. The point of emergence of the shaft from the 
crankcase forms a weak point of refrigerant leakage and is most frequently sealed 
with a bellows type crankshaft seal. Horizontal double-acti^ compressors operate 
with a sliding piston rod, moving back and forth through a stumng box. If the motor 
is direct drive and enclosed within the compressor housing, the compressor is classi- 
fied as closed or hermetic. This eliminates the necessity of any shaft seal and not 
only prevents refrigerant leakage at this point but reduces operating noise. One 
disadvantage is the inaccessibility of moving parts for repairs, but lubrication is 
greatlv simi)lifiied since both the motor and compressor operate in a sealed space with 
the lubricating oil. 

Compressor Valves. All refrigeration compressor valves are dependent for their 
operation upon a difference in pressure between the inside of the cylinder and the 



Fig. 9. Schematic Operation of Heversed Cycle Conditioning System 


suction or discharge line. Although mechanically operated valves might have some 
advantage, they have proved unsatisfactory because each change in the evaporator 
or condenser operating pressures requires a change of valve setting. The pressure 
differentials required for operation of the valves depend upon the valve design and 
the compressor speed. The suction and discharge valves may be arranged with both 
located in the compressor head or with the suction valve on the top of the piston and 
the discharge valve in the compressor head (uniflow arrangement) . The valves them- 
selves are usually classified as either poppet, ring-plate or flexing. 

Lubrication and Cooling. Lubrication of modern compressors is accomplished by 
either splash lubrication or forced lubrication. The latter is used on large com- 
pressors, while simple splash lubrication is used in the smaller units. 

Large compressors are usually water cooled with the water jacket either cooling 
the cylinder walls or both the cylinder walls and the compressor head. Small com- 
pressors are either water cooled or air cooled with extenclcd finned surfaces cast on 
the exterior of the cylinder. In a few cases small compressors may be found in which 
there is no attempt to add any purposive cooling other than through non-finned sur- 
faces to the lower temperature air. Water cooling is more effective than air cooling, 
but even under the best conditions cylinder cooling removes only a portion of the 
superheat in the refrigerant gas. This removal of heat from the cylinder results in 
some decrease in the work of compression as well as reduction in condenser load. 
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Rotazy Compressors 

In recent years rotary compressors, usually hermetically sealed, have 
become quite popular for fractional toimage applications and are being 
designed in increasin^y larger sizes. Of the various designs attempted, 
the angle blade rotary compressor shown diagrammatically in Fig. 10 is 
the most popular. An. eccentric driven rotor revolves within a housing 
in which the suction and discharge passage are separated by means of a 
sealing blade. When the rotating eccentric first passes this blade and the 
suction opening, the compressor suction space is very small. As the ec- 
centric rotates, this crescent-shaped space becomes increasingly larger 
thereby drawing in a charge of suction gas. When the eccentric again 
passes the blade, the gas charge is cut off from the suction inlet, compressed, 
and discharged from the compressor. Such rotary compressors are quiet 
in operation and reasonably free from vibration. In common with other 
types of hermetically sealed units, they have the advantages of compara- 
tivdy low loss of refrigerant and sealed-in lubrication. 

Centrifugal Compressors 

Cerdrifugal compressors are used with very low pressure refrigerants; 
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Fio. 10. Diagrammatic View of Rotary Compressor with Flooded Evaporator 

AND Capillary Tube 

usually both evaporator and condenser work below atmospheric pressure. 
Water and monofluorotrichloromethane (F-11) are the refrigerants com- 
monly used in centrifugal machines. 

Compression of the refrigerant is accomplished by means of centrifugal 
force; therefore, this type of compressor is inherently suitable for large 
volumes of refrigerant at low pressure differentials. Two or more stages 
are usually required and high speeds are necessary to obtain good efficiency. 

The evaporator is usually constructed as an integral part of the centrif- 
ugal type condensing unit, to chill water which is then circulated to the 
air conditioning ^stem. This is done because it would not be economical 
to pipe these large volumes of refrigerant any distance. 

Centrifugal compressors like reciprocating compressors can be divided 
into two general types, open and enclosed. Li general, the open type com- 
pressor is geared to the driving mechanism, and operates at hi^er speed 
than the dnving motor or turbine. A modem, completely enclosed, direct- 
driven centrifugal compressor is illustrated in Fig. 11. 
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Centrifugal refrigeration compressors are particularly well suited to 
direct steam turbine drive because of their hi^ operating speed. Water 
cooling equipment of one design is operated between 35(M and 4000 rpm 
for units developing 1000 to 2000 tons capacity and from 7000 to 8000 rpm 
for units developing 100 to 200 tons capacity. However, a great many 
applications, particularly in the smaller sizes, are electric motor driven and 
equipped witii standard gear-type speed increasers. Centrifugal ^sterns 
are particularly well adapted to large capacities (up to 3000 tons) although 
it is also possible to secure units as low as 50 tons in rating. Because centrif- 
ugal units operate best with refrigerants possessing a high specific volume 
and because of the simplification of lubrication difficulties, they are fre- 
quently used for extremely low temperature applications. Iliey are a^pt- 
able to a wide range of temperatures from — 130 F to 50 F. One important 
advantage is their flexibility under varying loads since units may be de- 
signed to operate with reasonable efficiency at capacities as low as 20 per 
cent of normal load. 


2 nd. stags compressor Condenser 



Fig. 11. Enclosed Type Centrifugal Condensing Unit 

Condensers 

Condensers used for liquefying the refrigerant are of three general de- 
signs: (1) air cooled, (2) water cooled, and (3) evaporative (combination air 
and water). 

1. Air cooled condensers are seldom used for capacities above 3 tons of refrigeration, 
unless an adequate water supply is extremely difficult to obtain, as, for instance, in 
railway air conditioning. Even on fractional tonnage installations, air is used as the 
condensing medium only where water is expensive or where simplicity of installation 
warrants the higher condensing pressure, and consequent higher power costs than 
would be obtained using water as the condensing medium. 

The conventional air cooled condenser consists of an extended surface coil across 
which air is blown by a fan. The hot discharge gas enters the coil at the top and, as 
it is condensed, flows to a receiver located below the condenser. Air cooled con- 
densers should always be located in a well ventilated space so that the heated air may 
escape and be replaced by cooled air. 

The principal disadvantages of air cooled condensers are the power required to 
move the air and the reduction of capacity on hot days. This loss of capacity due to 
high condensing pressures on hot days requires that equipment of increased capacity 
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be selected to meet the peak load. Thus at normal loads the equipment is oversized. 
Their principal advantages are low installation costs and simplicity, and for these 
reasons they are frequently used in small self-contained units. 

2. Water cooled condensers are commonly used with compressors of one horsepower 
or larger in size, and they are found almost exclusive! v on large installations. They 
usually prove to be the most economical choice if an adequate water supply and means 
for its disposal are available. Although water cooled condensers may be of many 
designs, the shell and coil and the shell and tube are most commonly found in present 
day practice. 

The amount and temperature of the condensing water determine the condensing 
temperature and pressure, and indirectly the power required for compression. It is 



Fig. 12. Schematic View of an Evaporative Condenser 

therefore necessary to determine a balance so that the quantity of water insures eco- 
nomical compressor operation. 

Because there is a decided tendency to conserve the water in city mains and be- 
cause most large cities are restricting the use of water for air conditioning and refrig- 
eration equipment, it is often necessary to install cooling towers or evaporative 
condensers. Cooling towers, unfortunately, produce the warmest condensing water 
at the time when the load on the system is greatest, so that the refrigeration equip- 
ment must be designed to meet the maximum load at abnormal condensing water 
temperatures. If properly designed, this makes little difference in the efficiency of 
operation throughout the year except at those times when the condensing water tem- 
perature is highest. As this occurs only for 5 per cent of the entire cooling period it 
can be disregarded as a factor in establishing yearly operating costs. For further 
information on cooling towers, reference may be made to Chapter 37. 

3. Evaporative condensers were developed to alleviate the over-burdened water 
supply and drainage facilities of communities* where many small air conditioning 
systems using water cooled condensers were applied. The adaptation of cooling 
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towers to small installations is not practicable. The evaporative condenser combines 
the functions of the two by using a minimum amount of water on a finned surface, 
cooling it to approximately the wet-bulb temperature of the surrounding atmosphere. 

The end view of a typical evaporative condenser is shown in Fig. 12. The fan 
draws the air over a finned tube condenser which is kept wet by a water spray. The 
discharge refrigerant ^as from the compres(|or enters the top of the condenser coil and 
the liquid refrigerant is drained from tne bottom of the coiHnto a liquid receiver and 
then circulates through the remaining portion of the system in the usual way. 

The water is circulated through the spray nozzles and the level is maintained in 
the sump by means of a float valve. The eliminator plates are placed in the path of 
the water-air mixture so as to remove the entrained water. The air leaving tne unit 
is almost completely saturated, so that care must be taken in locating discharge ducts 
to prevent condensation. 

Evaporative condensers are available in sizes up to 100 tons or more. These units 
use only a small portion of the water required for a water cooled condenser. The 
water is vaporized by the heat of the refrigerant so that each pound of water used 
extracts approximately 1000 Btu from the refrigerant, whereas under standard rating 
conditions where the water temperature rise is ^ F, each pound of water extracts only 
20 Btu from the refrigerant. Including the water lost by entrainment in the discharge 
air, by overflow and stand-by evaporation, the water used is about 3 to 6 per cent of 
the amount that would be required for a water cooled condenser. 

The evaporative condenser requires more maintenance, occupies greater space 
(must be located where air is available), and has a higher first cost than the water 
cooled condenser, but where the use of water is restricted or expensive, the evapora- 
tive condenser has become widely accepted. Compared with a water cooled condenser 
and cooling tower, which combination uses about the same quantity of water, the 
evaporative condenser has the advantage of lower cost and smaller space require- 
ments. 

Evaporators and Coolers 

Refrigeration evaporators must be designed for efficient removal of heat 
from the medium being cooled as well as effective boiling of the refrigerant 
and a minimum drop of pressure through the coil. There are two general 
types of evaporators, dry and flooded. In the dry evaporator the re- 
frigerant enters in the liquid state, and the design provides for complete 
evaporation with the vapors leaving slightly superheated. In flooded 
evaporators not all of the refrigerant is evaporated, the liquid-vapor mix- 
ture leaving the evaporator flows into a surge drum from which the vapors 
are drawn into the compressor suction line, and the liquid is recirculated 
through the evaporator. 

The types of coolers used in connection with air conditioning work fall 
into three general groups: (1) direct water coolers, (2) direct air coolers, 
and (3) brine coolers for circulation of the brine in a closed system and 
thus cooling indirectly either water or air. 

1. Water coolers. One method of the direct cooling of water is to install direct 
expansion coils in the spray chamber so that the water sprayed into the air comes in 
direct contact with the cooling coils. Another common and efficient method of cool- 
ing spray water is to use a Baudclot type of heat absorber w’here the water flows over 
direct expansion coils at a rate sufficiently high to give efficient heat transfer from 
water to refrigerant. 

Another type of spray water cooler is the shell and tube heat exchanger in which 
the refrigerant is expanded into a shell enclosing the tubes through which the water 
flows. The velocity of the water in the tubes affects the rate of heat transfer, and as 
the refrigerant is in the shell completely surrounding the tubes at all times, good con- 
tact and a high rate of heat transfer are insured. The disadvantage of such a system 
is that with the falling off of load on the compressor the suction temperature or the 
temperature in the evaporator drops and there is a possibility of freezing the water 
in the tubes, which, of course, might split the tubes and allow the refrigerant to escape 
into the water passage. This danger can be eliminated by automatic safety devices. 

Another system of cooling spray water is to submerge coils in the spray collecting 
tank, o r in a separate tank used for storage. The heat transmission through the walls 
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of the coils, however, is low and a neat deal more surface is required than for any 
other troe of cooler. However, witn large storage tanks this type of cooling can be 
utilized to advantage. 

2. Air cooler B. When direct cooling of air is employed, the refrigerant is inside the 
coil and the air passes over it. Cooling depends upon convection and conduction for 
removing the heat from the air. The type of coil used can be either smooth or finned, 
the finned coil being more economical in space requirement than the smooth coil. 
The fins, however, must be far enough apart so as not to retain the moisture which 
condenses out of the air. 

When refrigeration evaporators are used for cooling air or other gases bv forced 
convection, they are usually termed blast coils or unit poolers. A blast coil may be 
placed in a duct or in an assembled unit and the air forced across the coil and dis- 
charged through distributing ducts or directly into the space to be conditioned. Unit 
coolers, designed much like unit heaters, consist of a finned coil, propeller fan, and 
controls suspended directly in the space to be cooled. 

3. Indirect brine coolers. The indirect cooler, where brine is cooled by the refrig- 
erant and the resulting cold brine is used to cool either air or water, introduces several 
other considerations. It is not the most economical from a power consumption 
standpoint, as it is necessary to cool the brine to a temperature sufficiently low so 
that there is an appreciable difference between the average brine temperature and 
that of the substance being cooled. This requires that the temperature of the refrig- 
erant must be still lower, and consequently the amount of power required to produce 
a given amount of refrigeration increases due to the higher compression ratio. There 
are other considerations which make such a system desirable. In the first place, 
where a toxic refrigerant is undesirable or cannot be used because of fire or other risks, 
especially in densely populated areas, the brine can be cooled in an isolated room or 
building and can then be circulated through the air conditioning equipment. This 
arrangement eliminates any possibility of direct contact between the air and 
refrigerant. 


REFRIGERATION CONTROL 

In addition to the compressor, evaporator, and condenser, several auxili- 
aries are required for proper operation of a refrigeration system. Some 
device must be supplied for the controlled expansion of the refrigerant from 
the high condenser pressure to the low evaporator pressure; controls are 
required for the on-off operation of the compressor, the flow of the con- 
densing medium, and for safety devices; proper piping is required for 
connecting the various portions of the systems. 

Expansion Devices 

Some form of expansion device must be provided to control the rate of 
flow of the liquid refrigerant between the high and low side pressures of 
the system. This device is usually an expansion valve and may be either 
manual or automatic; however, with few exceptions, manual valves are 
obsolete and no longer used. 

Automatic Expansion Valves. An automatic or pressure controlled expansion 
valve operates to maintain a constant pressure in the evaporator. The liquid refrig- 
erant passes through an orifice the opening size of which is controlled by means of a 
needle valve connected to a flexible bellows. This bellows expands or contracts with 
variations in the evaporator pressure transmitted to the expansion chamber through 
the refrigerant outlet from the evaporator. The position of this needle valve is con- 
trolled by the degree of compression in an adjustable spring, balanced against the 
bellows^ and these two forces operate to maintain a constant pressure in the evapora- 
tor by increasing or decreasing the flow of liquid refrigerant. Such an expansion 
valve is usually applied to evaporators of the direct expansion type but is not satis- 
factory for fluctuating loads such as are encountered in air conditioning installations. 

Thermostatic Expansion Valves. A thermostatic expansion valve controls the flow 
of liquid refrigerant to the evaporator so as to maintain the entire 'coil filled with 
evaporating refrigerant and to keep a constant superheat in the refrigerant pas leav- 
ing the coil. The construction of such a valve is shown in Fip. 13 and is similar to 
that for an automatic expansion valve but incorporates, in addition, a power element 
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responsive to changes in the degree of superheat of the refrigerant gas leaving the coil. 
This power element consists of a bellows connected by means of a capillary tube to a 
feeler bulb fastened to the suction line from the evaporator. The bulb, bellows, and 
tube are usually charged with the same liquid refrigerant used in the evaporator 
itself. A starved condition in the evaporator results in a greater superheat in the gas 
leaving the evaporator^ and this in turn operates through the power element to in- 
crease the flow of liquid refrigerant. A flooded evaporator reduces the discharge 
superheat and thus tends to reduce the flow of liquid refrigerant. Such an expansion 
valve is satisfactory for operation with fluctuating loads since this type of control 
tends to keep the evaporator filled with refrigerant at all times. 

Low-Side Float Valvee. A liquid refrigerant control of the low-side float valve type 
consists of a ball float located in either a receiver or the evaporator itself on the low 
pressure side of the system. A needle valve operated through a simple lever mecha- 
nism attached to the float permits the passage of more or less refrigerant as the level 
in the receiver or the evaporator fluctuates. Such a control must be used in conjunc- 
tion with a flooded evaporator. They have been applied extensively to household 
refrigerators and to some extent in commercial and industrial installations. 

High-Side Float Valves. A high-side float valve differs from a low-side float valve 
in that the float is located in a receiver or container on the high pressure side of the 
system. Proper operation again depends upon a metering of the refrigerant through 



Fig. 13. Typical Thermostatic Expansion Valve 

a controlled opening depending upon the level of the liquid refrigerant in the con- 
tainer. Such a control has the disadvantage that the evaporator must be placed 
directly adjacent to the float container, or some intermediate pressure device must 
be applied to prevent flashing of the refrigerant upon pressure drop. 

Capillary Tubes. A capillary tube may be used as a liquid refrigerant expanding 
device. Such a device consists of an extremely small bore tube (in the order of 0.(^ 
inch in diameter) of five to twenty feet in length. Although such a restricting device 
operates as a very simple means of expanding the liquid refrigerant, it has the dis- 
advantage that no modifications are possible to adjust the rate of expansion under 
various operating conditions. The bore and length of the tube as well as the propor- 
tions of the rest of the system are critical. It is for these reasons that its application 
has been limited to factory assembled domestic and commercial units. 

Refrigeration Control Devices 

In addition to automatic control of expansion of the liquid refrigerant, a 
completely automatic refrigeration system requires (1) some means for 
on-off operation of the compressor motor, (2) control of the flow of the con- 
densing medium, and (3) safety devices for prevention of damage to the 
equipment. In addition, special controls designed for speciflc applications 
are frequently required. The various types of devices used to accomplish 
these purposes are so numerous that it would be impossible to descril^ all 
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of their modifications. Only the general purposes and operating char- 
acteristics of the more typical mechanisms are here discussed. 

Compressor Motor Controls, Two j^pes of controls are used for intermittently 
starting and stopping compressors. The first of these is a pressure motor control 
responsiye to the evaporator pressure and the second a thermostatic motor control 
responsive to the temperature of the load surrounding the evaporators. In the first 
case the compressor operation is indirectly dependent upon the temperature of the 
load and is controlled by the refrigerant pressure at the point of control location. 
The second type is dependent upon the temperature of the load being cooled. 

With the pressure actuated device, the control is frec^uently located directly on 
the condensing unit and the low pressure in the suction line or the crankcase of the 
compressor is used to control motor operation. Such a control usually consists of a 
low pressure bellows connected through tubing directly to the low pressure control 
source and an electrical switch operated through linkage by the movement of the 
bellows. The electrical circuit is closed on rising pressure and opened on falling 
pressure. The thermostatic type of motor control is usually similar in construction 
to the pressure control with the exception that a temperature bulb and capillary tube 
replace the pressure line, and the temperature bulb is located adjacent to the evapora- 
tor itself. In this case motor control is directly responsive to changes in the tempera- 
ture of the load surrounding the evaporator. Frequently a high pressure safety 
cutout switch is combined with the motor control and operates to cut off the power 
from the motor in case the high side pressure exceeds a predetermined limit. 

Solenoid Valves, Solenoid or magnetic stop valves are frequently used in refrig- 
eration systems for control of gas and liquid fiow. When applied as liquid stop 
valves, they are placed in the liquid line between the condenser or receiver and the 
evaporator, and the line is open to passage of the refrigerant only when the com- 
pressor is in operation. When the compressor is not in operation, leakage of liquid 
refrigerant in the evaporator is prevented. In some cases such a magnetic stop valve 
is operated directly by a thermostat located at the point of the load, and the com- 
pressor motor operation is controlled independently by a low pressure switch. Mag- 
netic liquid stop valves are also widely used for the control of the refrigerant flow to 
individual evaporators in a multiple evaporator system operated by one compressor. 
In some installations magnetic liquid line and suction line valves are used to isolate 
completely an evaporator for defrosting purposes. A magnetic valve may be in- 
stalled in a by-pass around one or more cylinders of a multiple cylinder compressor 
and thereby be used to unload a compressor during starting to reduce load. Addi- 
tional applications are found in control of the circulation of brine in a secondary 
refrigeration system. 

Suction Pressure Valves, Suction pressure control valves, frequently called back 
pressure regulators or two-temperature valves, are sometimes placed in the suction 
fine to prevent the evaporator pressure and temperature from dropping below a pre- 
determined level. Typical applications of such controls occur in water cooling or 
milk cooling systems where freezing and other damage would result if the evaporator 
pressure dropped too low or in multiple systems where several evaporators are sup- 
plied by one condensing unit. Thus, different evaporators may be kept at different 
temperatures by maintaining a pressure drop between the evaporator and the suction 
line. 

Condensing Water Control. The majority of the refrigeration systems, other than 
fractional horsepower, use water cooled rather than air cooled condensers since the 
lower condensing temperatures result in more economical operation. Automatic con- 
trol of the water flow to the condenser must be maintained if water wastage is to be 
eliminated. Such control may be provided through the use of either an electric 
solenoid water valve or by means of a pressure control valve. With a solenoid valve, 
the flow is two-position, either off or on, and its operation is simultaneous with start- 
ing and stopping of the compressor motor. With a pressure operated valve, the flow 
is modulated and is dependent entirely upon condenser pressure rather than condens- 
ing unit operation. Similar water valves controlled thermostatically by the tempera- 
ture of the water discharged from the condenser are also available. 

« Controls, Many controls are designed not to aid in proper operation of the 
lit to prevent damage in case of improper operation. One such safety control 
is the high-pressure cut-off frequently combined with the low-pressure motor control 
as previously described. Another safety control often used is a low voltage cut-off 
which shuts down the system automatically in case the line voltage drops below a 
minimum value. High pressure relief valves are used for safety purposes to prevent 
damage in case excessive condensing pressures are encountered. Oil separators are 
often installed between the compressor and the condenser to prevent excessive oil 
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Table 5. Maximum Tons Refrigeration for Ammonia Mains 



Suction Line 

Dxbchabob 

Line 

Liquid Line 

Pipe Size, In. 

Suction 

pressure psig (F temp)^ 

Condenser 

Receiver 


5 (-17.2 F) 

20 (6.6 F) 

46 (30 F) 


to receiver 

to system 

I 

— 







2.5 

12.0 

1 

0.6 

1.1 

2.0 

3.1 

6.0 

20.0 

i 

1.2 

2.2 

4.1 

6.0 

14.0 

75.0 

1 

2.2 

4.0 

7.5 

11.4 

24.0 

137. 

li 

4.4 

8.0 

15.0 

22.4 

50.0 

245. 

li 

6.4 

11.8 

21.6 

30.9 

77.0 

400. 

2 

12.1 

22.2 

42.0 

62.0 

140. 

850. 

2} 

19.1 

35.5 

65.0 

97.5 

220. 

1475. 

3 

31.5 

59.0 

108. 

160. 

375. 

2400. 

3i 

46.6 

87.5 

156. 

238. 

540. 

3500. 

4 

64.0 

118. 

240. 

330. 

740. 


5 

117. 

208. 

385. 

560. 

1320. 


6 

175. 

306. 

600. 

905. 

2030. 


8 

362. 

650. 

1200. 

1810. 

4200. 


10 

640. 

1180. 

2160. 

3200. 



12 

940. 

1850. 


1 

j 

1 

1 


pumpinc from the crankcase into the condenser and the evaporator. Separation of 
the oil from the refrigerant gas is usually accomplished by slowing down the gas 
velocity sufficiently to allow the oil to separate out by gravity. 

REFRIGERATION PIPING 

The pressure drop which occurs during passage of the refrigerant through 
connecting piping is similar in effect to that which occurs through suction 
and discharge valves of the compressor. Thus, the effect of the pressure 
drop in the suction line between evaporator and compressor requires that a 
lower pressure be maintained inside the compressor during suction than 
is maintained in the evaporator. The pressure drop through the connect- 
ing piping between the compressor and the condenser requires that a higher 


Table 6. Freon-12 Liquid Lines, Tons Capacity per 100 Ft Equivalent Length 


;nb Size, Inches 

Prebbube Drop per 100 Ft Equivalent Length, Pbi 

3 

5 

10 

ao 

iOD 

0.88 

1.14 

1.80 

2.58 

i OD 

2.89 

3.64 

5.56 

8.50 

i IPS 

4.86 

6.81 

10.2 

15.8 

IOD 

4.86 

6.81 

10.2 

15.8 

1 IPS 

9.73 

12.6 

18.5 

27.0 

iOD 

10.5 

14.1 

21.8 

33.0 

1 IPS 

21.4 

28.2 

41.3 

60.8 

IJ OD 

21.4 

28.2 

41.3 

60.8 

li IPS 

36.9 

48.1 

70.5 

101. 

U OD 

36.9 

48.1 

70.5 

101. 

IJ IPS 

62.0 

80.2 

114. 

160. 

If OD 

62.0 

80.2 

114. 

160. 

2 IPS 

124. 

161. 

231. 

328. 

2| IPS 

2^. 

297. 

426. 

607. 

3 IPS 

364. 

469. 

676. 

972. 

3| IPS 

539. 

704. 

1005. 

1430. 

4 IPS 

753. 

972. 

1385. 

1945. 


N<it«: Tonnage values above thoee underlined give veUMitiee of 300 fpm or lees. 
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pressure be mamtained inside the compressor during discharge than in the 
condenser. These losses result in a greater compression ratio and therefore 
greater power requirements as well as a lower volumetric efficiency and 
higher m^lacement requirements. Pressure losses in the liquid line 
between condenser or receiver and the expansion valve may result in some 
flashing of the liquid refrigerant unless the liquid is subcooled. In all 
cases frictional losses should be kept to a minimum, and piping should be 


Table 7. Maximum Tons or Compbbssob Cafacitt fob Fbeon-12 Lines 
(Only for temperatures indicated) 


Lenb Sxzb. 
Inches 

— 

SucnoN Lines 

Based on 105 F Condbnbxno Tbmpbbatube 

DiBCHARaB Lines 

Psi Pressure Drop per 100 Ft 
Equivalent Length at 40 F Saturation 


Condensinc 

Temperature 

i 

1 

2 

S 

4 

6 

116 F 

OOF 

h 

OD 

0.14 

0.20 

0.28 

0.35 

0.41 

0.45 



i 

IPS 

0.17 

0.24 

0.34 

0.42 

0.49 

0.54 



1 

OD 

0.25 

0.35 

0.51 

0.62 

0.73 

0.81 

1.43 

1.15 

i 

IPS 

0.35 

0.45 

0.65 

0.79 

0.93 

1.03 

1.87 

1.50 

i 

OD 

0.55 

0.76 

1.10 

1.34 

1.58 

1.75 

2.97 

2.38 

i 

IPS 

0.68 

0.94 

1.35 

1.65 

1.92 

2.12 

3.26 

2.62 

1 * 

OD 

1.26 

1.80 

2.57 

3.17 

3.76 

4.15 

5.05 

4.05 

1 

IPS 

1.43 

2.01 

2.89 

3.54 

4.17 

4.60 

5.29 

4.25 

1 } 

OD 

2.21 

3.12 

4.45 

5.50 

6.38 

7.05 

7.72 

6.19 


IPS 

2.70 

3.82 

5.37 

6.72 

7.68 

8.48 

9.16 

7.35 

If 

OD 

3.40 

4.78 

6.79 

8.42 

9.77 

10.8 

10.92 

8.75 

If 

IPS 

4.05 

5.75 

8.10 

10.12 

11.6 

12.8 

12.5 

10.0 

2 } 

OD 

6.12 

8.60 

12.1 

15.1 

17.4 

19.2 

19.2 

15.3 

2 

IPS 

7.66 

10.9 

15.3 

19.2 

32.2 

24.5 

20.6 

16.5 

2* 

OD 

12.0 

17.1 

24.0 

30.1 

34.6 

38.2 

32.2 

25.9 

2i 

IPS 

12.0 

17.1 

24.0 

30.1 

34.6 

38.2 

32.2 

25.9 

3f 

OD 

19.1 

27.2 

38.2 

47.8 

55.0 

60.7 

51.5 

39.8 

3 

IPS 

20.9 

29.4 

42.3 

51.8 

60.0 

66.2 

54.5 

43.8 

3f 

OD 

27.8 

39.7 

55.7 

69.8 

80.3 

88.7 

72.0 

57.6 

3f 

IPS 

30.2 

43.2 

61.0 

76.1 

87.0 

96.0 

78.8 

63.3 

4i 

OD 

38.6 

55.2 

78.0 

97.3 

111 

123 

95.8 

77.1 

4 

IPS 

40.7 

58.6 

83.0 

103 

118 

130 

101.6 

81.6 

5 

IPS 

71.3 

100 

141 

176 

203 

224 

171.5 

137.8 

6 

IPS 

126 

183 

257 

322 

366 

403 

266 

214 

8 

IPS 

211 

297 

422 

523 

602 

664 

461 

370 

10 

IPS 

352 

503 

712 

887 

1024 

1130 

725 

582 

12 

IPS 

550 

780 

1106 

1373 

1582 

1748 

1041 

836 


selected which will give the smallest loss consistent with overall economy 
in the system. 

Refrigerant liquid lines from the receiver to the expansion valve should 
be preferably designed with a pressure drop of less than 5 psi and with 10 
psi as the maximum. A velocity of 100 to 250 fpm is recommended to 
prevent a pressure drop great enough to cause vaporization of the refriger- 
ant ahead of the expansion valve. If the evaporator is to be located at a 
higher elevation than the condenser or receiver, account should be taken 
of the pressure drop for each foot of static liquid lift. Approximate values 
are 0.26 psi per foot for ammonia, 0.67 psi per foot for Freon- 12, 0.61 psi 
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per foot for Freon-22, and 0.64 psi per foot for Freon-11. Y^ere there is a 
possibility of vaporization of some of the liquid before reacWg the ex- 
pansion valves, means for subcooling should be provided. 

Since a reduction of suction pressure at the compressor results in an 
appreciable reduction in capacity and more power input per ton of refrigera- 
tion, great care should be given to the proper sizing of suction lines between 
the evaporator and the compressor. Although comparatively high vdoci- 
ties, 500 to 5000 fpm, may be used, the optimum value will depend upon 
the refrigerant and the operating pressure range. Since return of the oil 
to the compressor must be considered in the case of Freon and methyl 



Machines at Constant Speed 

chloride, for these refrigerants the minimum velocity should be 500 fpm 
for horizontal runs and 1000 fpm for vertical runs. For the Freons, the 
usual design velocities range between 1000 and 2000 fpm. Too high 
velocities create noise problems and excessive pressure drops. The total 
pressure drop in the suction line should be between one and two psi if the 
velocity can be kept to within the specified limits. 

Compressor discharge or hot gas lines may be designed with velocities 
from 1000 to 5000 fpm except for dense gases such as carbon dioxide where 
noise considerations will reduce the upper limit. A pressure drop of 2 to 4 
psi is recommended for the discharge lines. Extensive tables are available 
in the literature for the determination of pressure drops through refrigerant 
lines with various refrigerants. The capacities listed in Tables 5, 6 and 7 
are published in ACRMA Equipment Standards-1946, of the Air Con- 
ditioning and Refrigerating Machinery Association and are used by permis- 
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mon. Table 5 shows the maximum tonnage of refrigeration normally 
allowed for ammonia lines, assuming a maximum of 100 feet of equipment 
length of pipe. Table 6 shows the tonnage capacity normally allowed for 
Freon-12 liquid lines per foot equivalent length of pipe and Table 7 the 
maximum tonnage for suction and discharge Freon-12 lines. 

EQUIPMENT CHARACTERISTICS AND SELECTION 

The various types of compression systems have quite different charac- 
teristics of capacity and power with varying evaporator and condenser 
temperatures, as may be noted from curves in Figs. 14 and 15. 



Fig. 15. Performance Characteristics of Compression 
Refrigeration Machines at Constant Speed 


From Fig. 14 it may be observed that power requirements for the centrif- 
ugal compressor increase much more rapidly than for the reciprocating 
compressor with increase in evaporator temperature. Similarly, the 
capacities of the steam ejector and centrifugal compressors increase more 
rapidly than those of the reciprocating compressor with increase in evapo- 
rator temperature. Thus, both the steam jet and centrifugal machines 
tend to be more self-regulating than the reciprocating. It is also evident 
from Fig. 14 that the steam jet equipment is best suited for operation at 
high evaporator temperatures. 

The effect of condenser temperature upon the power and capacity of 
the different types of compressors is shown in Fig. 15. It may be noted 
that the power required by the reciprocating compressor increases rapidly 
with increase in condenser temperature, while the power curve for the 
centrifugal compressor is relatively fiat. It is also evident that the ca- 
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Table 8. Basis of Equipment Selection 


Capaoitt 

Tons 

Majobxty Used 

Some Used 

Few Used 

0 to 5 

Unit systems in con- 
ditioned space. 

If - 

Unit central systems 
using duct distri- 
bution. 

Built up central sys- 
tems. 

5 to 25 

Built up central sys- 
tems using recipro- 
cating compres- 
sors. 

Unit central systems 
using duct distri- 
bution. 

Unit systems in con- 
ditioned space. 

Built up systems us- 
ing absorption and 
adsorption sys- 

tems. 

25 to 50 

Built up central sys- 
tems using recipro- 
cating compres- 
sors. 

Built up central sys- 
tems using centrif- 
ugal compressors. 

Central systems us- 
ing adsorption sys- 
tems. 

50 to 400 

Built up central sys- 
tems using recipro- 
cating compres- 
sors. 

Built up central sys- 
tems using steam 
jet and centrifugal 
compressors. 


400 and Over 

Built up central sys- 
tems using centrif- 
ugal compressors. 

Built up central sys- 
tems using steam 
jet. 



pacity of the stem jet compressor is independent of condenser temperature 
until a certain point is reached where it drops to zero. As previously 
stated, steam jet equipment requires more condensing water than other 
types of compression systems. Consequently, steam jet systems are well 
suited to those applications where condensing water is cheap, or where 
condensing water is rather high in temperature. 

The selection of proper refrigeration equipment for any air conditioning 
job is of utmost importance for satisfactory results. The most important 
factors in the selection of the equipment are: 

1. Loads (as determined by the conditions of the space to be cooled). 

2. Economics (both initial and operating costs). 

3. Codes (local safety codes must be adhered to and influence the type of system 
to be used). 

A broad division of equipment to be used for a particular installation or 
application may be made on the basis of the magnitude of the load. Cur- 
rent general practice is outlined in Table 8. 

Unit or packaged systems, consisting of a reciprocating compressor, 
condenser, evaporator, and fans, are generally used in the smaller sized 
jobs where electric power is available, as they are manufactured complete, 
ready to install and are the most economical (see Chapter 36). 

The reciprocating compressor in. the built-up central system (see 
Chapter 43) covers the widest range of application since it is applicable to 
either the direct expansion or indirect systems and can be driven by steam 
or gas engines, or by electric motors. The quantity of condensing cooling 
medium required is also less than for any other system with the exception 
of the centrifugal compressor, which uses the same amount. 

Centrifugal compressors are used for large installations, and usually 
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Table 9. Typical Opebating Conditions for Two Types of Load 


Ttps of 
Enclobubb 

Load, Btu peb Houb 

Ratio 

Sbn- 

aiBLE 

TO 

Total 

Air Entering 
Coil 

Operating Balance Point 

Senuble 

Latent 

Total 

F 

Deg 

Per 

Cent 

R.H. 

Evapo- 

rator 

Temp 

FDeg 

Con- 
denser 
Pressure 
Lb per 
Sqfn. 

Per Cent 
Sensible 
Heat 

Restaurant 

103,000 

45,000 

148,000 

0.695 

82 

45 

34.4 

123 

69.9 

Office 

121,000 

27,000 

148,000 

0.820 

82 

45 

42.2 

100 

82.1 



where the indirect system is required. The driving mechanism can be a 
steam turbine or electric motor. The steam jet system is used where 
steam is available and cooling water can be had in large quantities. 

It will be noted by referring to Fig. 14 that all systems using compressors 
have a common characteristic and that is that the capacity varies with 
the evaporating temperature. Not only can the equipment be selected to 
produce a given result, but the performance can be predicted under vary- 
ing load conditions by the simple expedient of using the variable of evaporat- 
ing temperature as the abscissa and the load or capacity as the ordinate in 
a series of curves. 

Manufacturers of compressors and cooling coils furnish performance 
data for apparatus that can be plotted in the form of curves similar to 
those shown in Fig. 16. The performance of a compressor is plotted as a 
series of curves, each curve being drawn for a given condensing pressure. 
The performance of a direct expansion coil at two different air velocities 
is plotted on the same graph. The operating point will be, of course, 
where the two curves cross. 

Data given in Table 9 illustrate two types of conditioned enclosures 
having the same total load of 148,000 Btu per hour, but with two different 
ratios of sensible to total heat. In the case of the office with a ratio of 



Fig. 16. Compbebsob and Coil Pebfobmancb 
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82 per cent sensible to total heat, the operating point A in Fig. 16 is found 
to be 42.2 F evaporating temperature with a face velocity of 500 fpm. In 
the case of the restaurant, with a ratio of 69.5 per cent sensible to total 
heat, the air velocity is lowered to 300 fpm and the evaporating tempera- 
ture is lowered to 34.4 F as shown in point B of Fig. 16. In order to obtain 
the same capacity, a larger condensing unit is used. This illustration 
assumes zero pressure drop through the suction line. The pressure drop 
can be taken into account by shifting the compressor performance curves by 
the amount of pressure drop expressed in Fahrenheit degrees. 

ABBREVIATIONS AND SYMBOLS IN CHAPTER 

(CP) » coefficient of performance, ratio of refrigerating effect to the heat equivalent 
of the compressor work. 

(CVE) =* clearance volumetric efficiency. 
d B internal diameter in inches. 

Ht SB cooling load in tons. 

hd » enthalpy of vapor at condition of discharge from compressor. 
hu ~ enthalpy of liquid at discharge from compressor. 
htd » enthalpy of liquid at discharge of expansion valve. 
hu ^ enthalpy of liquid at entrance to expansion valve. 
hm SB enthalpy of mixture. 
hv SB enthalpy of saturated vapor. 

hyd SB enthalpy of saturated vapor at discharge of valve or compressor. 
hvB SB enthalpy of saturated vapor at state s entering compressor, 
hp SSI horsepower. 

Pd » pressure of saturated liquid and vapor at discharge of compressor. 

Pa » pressure of saturated liquid. 

psig Bs pressure pounds per square inch, gage. 

psia » pressure pounds per square inch, absolute. 

Q SB quantity of heat, Btu. 

Qe ss heat loss from condenser, Btu per pound refrigerant. 

Qj s heat dissipated in cooling water, Btu per hour. 

8 =* entropy. 

As » entropy change between suction and discharge. 

T « absolute temperature, Fahrenheit degrees. 

SB average temperature, Fahrenheit degrees, absolute, of gas passing through 
compressor. 

To « condenser temperature, Fahrenheit degrees, absolute. 

To BB evaporator temperature, Fahrenheit degrees, absolute. 

(TVE) =» total volumetric efficiency. 

tod SB degrees superheat at discharge condition of vapor leaving compressor. 
td SB discharge temperature, Fahrenheit degrees. 

Vo SB clearance, percentage of volume, swept by piston, which is contained in 
spaces at end of cylinder when piston is at end of stroke (clearance includes 
valve spaces, etc.). 

Vo SI specific volume of gas at suction, cubic feet per pound. 
t;a SB specific volume of gas at discharge, cubic feet per pound. 

Wr refrigerant rate, pounds per minute. 

X Bs proportion of liquid in mixture of vapor and liquid. 
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CHAPTER 40 

AIR DISTRIBUTION 


Standards for Satisfactory Conditions, Definitions, Mechanics of Air 
Distribution, Outlet Performance, Types of Air Outlets, Outlet 
Location and Selection, Directional and Volume Control, 
Return and Exhaust Intakes, Specific Applications 


i ORRECT air distribution contributes as much or more to the success 
of a forced air heating, ventilating, cooling or air conditioning system 
as does any other single factor. An air conditioning system may deliver 
the required quantity of conditioned air and still fail to give satisfactory 
room conditions because of poor air distribution. The scope of the chapter 
is limited to the air distribution within the conditioned space. Reference 
is made to the distributing duct system only insofar as it affects the per- 
formance of the air distribution outlet. See Chapter 41 for information 
on air duct design. 

STANDARDS FOR SATISFACTORY CONDITIONS 

The object of air distribution is to create within the space the proper 
combination of room temperature, air motion and humidity, whether by 
cooling, heating or ventilating. The purpose to be accomplished deter- 
mines the factors to be controlled. For instance, in many industrial ap- 
plications it is necessary to maintain proper standards throughout a large 
portion of the space; sometimes almost throughout the entire enclosure. 
In these cases design room temperature, room air motion and humidity 
will depend entirely upon the requirements of the product and its manu- 
facturing processes. 

If, however, comfort of the occupants is the principal objective, con- 
sideration of the occupied zone (floor to 6 ft above floor level) is primarily 
required. In order to obtain comfort conditions within this zone, standard 
limits have been set up as acceptable effective temperatures. This term 
comprises air temperature, motion, humidity and their physiological effect 
on the surface of the human body. Any variation from accepted standards 
of one of these elements may result in discomfort to the occupants. The 
same effect may be caused by lack of uniformity of conditions within the 
space or by excessive fluctuation of conditions in' the same part of the space. 
Such discomfort may arise due to excessive room air temperature variations 
(horizontally, vertically, or both), excessive air motion (draft), failure to 
deliver or distribute the air according to the load requirements at the dif- 
ferent locations, or too rapid fluctuation of room temperature or air motion 
(gusts). 

In addition the noise level created by the introduction of supply air 
should be kept within acceptable limits, and streaking or smudging of walls 
or ceilings should be prevented. 

With reference to permissible room air motion it is not possible to estab- 
lish a specific standard covering the entire complex problem of air distribu- 
tion. Velocities less than 15 fpm generally cause a feeling of air stagna- 
tion, whereas velocities higher than 65 fpm will disturb loose paper sd^eets 
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on d^s and may result in a sensation of draft. Air velocities of 25 to 35 
fpm in the occupied zone are most satisfactory, but air motion of 20 to 50 
fpm will usually be acceptable, particularly when the lower part of this 
range of velocity is used in cooling applications and the higher values on 
heating jobs. In any case, it is certain that the effect of room air motion 
on coii^ort or discomfort depends on air temperature and direction as well 
as on velocity. 

Reference should be made to Chapter 12, Physiological Principles, for 
information on effective temperature and comfort zones. Material in 
Chapter 42, Sound Control, covers acceptable room noise levels and noise 
generated by air outlets. 


DEFINITIONS 

The following definitions referring to air distribution equipment have 
gained general acceptance. 

1. Supply Opening or Outlet: Any opening through which air is delivered into a 
space which is oeing heated, or cooled, or humidified, or dehumidified, or ventilated. 

2. Exhaust Openina or Return Intake: Any opening through which air is removed 
from a space which is oeing heated, or cooled, or humidified, or dehumidified, or venti- 
lated. 

3. Outside Air Opening: Any opening used as an entry for air from outdoors. 

4. Damper: A device used to vary the volume of air passing tlirough a confined 
cross-section by varying the cross-sectional area. 

5. Grille: A covering for any opening and through which air passes. A supply 
grille discharges air axially with a limited spread. 

6. Register: A grille equipped with a damper. 

7. Free Area: The total minimum area of the openings in the air outlet or inlet 
through which air can pass. 

8. Core Area: The total plane area of the portion of a grille, bounded by a line 
tangent to the outer edges of the outer openings through which air can pass. 

9. Mean Area: The total of the core and free areas divided by two. 

10. Percentage Free Area: The ratio of the free area to the core area expressed in 
percentage. 

11. Aspect Ratio: The ratio of length of the core of a grille to the width. 

12. Vane Ratio: The ratio of depth of vane to shortest opening width between two 
adjacent vanes. 

13. Plaque: A ceiling outlet in which the supply air impinges against a plate or 
series of parallel plates and is discharged horizontally in all directions. 

14. Diffuser: An outlet discharging supply air in various directions and planes, 
thereby effecting its mixture with the room air. 

15. Primary Air: The air delivered to the outlet by the supply duct. 

16. Induction: The entrainment of room air by an air stream. 

17. Internal Induction: The induction of room air drawn into an outlet by the 
primary air stream. (Commonly called aspiration ) . 

18. External Induction: The induction of room air by the air stream discharged 
from the outlet (commonly called secondary air motion ) . 

19. Induced Air: The room air entrained by the primary air through internal in- 
duction or by the discharged air through external induction or both. 

20. Total Air: The mixture of primary air and induced air. 

21. Induction Ratio: The total air divided by the primary air. 

22. Throw (Blow): The horizontal distance an air stream travels on leaving the 
outlet (grille) to a position at which air motion reduces to a maximum velocity of 
50 fpm. 

is. Drop: The vertical distance, the lower edge of the air stream drops between 
the outlet and the end of its throw. 

24. Rise: The converse of drop. 

25. Envelope: The outer boundary of an air stream moving at a perceptible 
velocity. 
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26. Spread: The divergence of the air stream in a horizontal or vertical plane after 
it leaves the outlet. 

27. Diffusion: Distribution and mixing of air within a space^ accomplished by an 
outlet discharging supply air in various directions and planes in order to effect the 
desired air conditions in the occupied zone of that space. 

28. Radius of Diffusion: The horizontal distance from the diffuser outlet to the 
perimeter of the space, within which effective diffusion is accomplished and air 
motion in the occupied zone is reduced to 50 fpm maximum. 

29. Outlet Velocity: The average velocity of air emerging from the outlet measured 
in the plane of the opening. 

30. Terminal Velocity: The average air stream velocity at the end of the throw. 

31. Temperature Differential: Temperature difference between primary and room 
air. 

32. Temperature Variation: Temperature difference between points of the same 
space. 


MECHANICS OF AIR DISTRIBUTION 

In the mechanics of air distribution, two major problems are involved: 
(1) complete mixing of the primary air and air outside of the zone of occu- 
pancy in order to reduce the temperature difference and air motion to 
acceptable limits before the air enters the occupied zone; and (2) counter- 
action of the natural convection and radiation effects within the room. 

The theory concerning the distribution of conditioned air within an en- 
closure is still incomplete and no general law governing outlet performance 
has been formulated. The characteristics and performances of the various 
existing types of outlets must therefore be evaluated largely by experimen- 
tal work. Some progress has been made concerning the theoretical analy- 
sis of the characteristics of a primary air stream discharged in an uncon- 
fined space, i.e., a space large enough so that the primary air stream is not 
disturbed by contact with surfaces, or by adjacent streams. The approach 
to this problem is usually made by means of the momentum theory. De- 
velopment of this theory has so far been confined to side wall distribution of 
air, because this is its most elementary application. Fundamentally, the 
same laws apply also to ceiling distribution, but a great amount of ^di- 
tional research is still required to adapt them to the more complicated 
conditions of deflection of air up to 90 degrees, spread up to 360 degrees and 
the resulting rapid induction. There is also an element of downward dif- 
fusion which usually is not obtainable with side wall grilles. 

Momentum Theory 

When air is discharged from an outlet into a free open space, the primary 
air stream entrains room air as it traverses the space. This entraining 
effect increases the cross-sectional area and reduces the velocity of the 
resulting air stream. Induction takes place with the conservation of linear 
momentum; this has been confirmed by tests which indicate that the 
momentum remains almost constant throughout the entire measurable 
length of the air stream. This relationship may be expressed by Equation 
1 : 

MxVi + MtVt - (Afi -h MOF, (1) 


where 


Ml i- mass of primary air. 
M% >■ mass of induced air. 



786 


CHAPTER 40 


1949 Guide 


Vi — velocity of primary air. 

V% " velocity of induced air (for practical use, Fi » 0). 

F> « velocity of the mixture. 

If the velocity of induced air is zero, Equation 1 changes to : 

MiVi = (Ml + 


or, 


Vi Ml 4- Mi 
F, ~ Ml 


( 2 ) 


Since in many applications the densities of primary and room air are 
about equal, air volumes may be substituted for mass and Equation 2 
becomes : 


Fi __ ^ 

F, “ 0i ~ “ 0i 


(3) 


where 

Qi ■■ volume of primary air, cubic feet per minute. 

Qs B volume of secondary air, cubic feet per minute. 

Qi ■> volume of mixture of primary air and induced air, cubic feet per minute . 
r n induction ratio. 

Jet Pattern From Round or Rectangular Openings in a Large Room 

The relation between the shape of the discharge of a jet and the shape 
of the conventional outlet has long been the subject of research. It has 
been proved to be incorrect to assume that the jet retains the outlet shape 
when it discharges into a free open spaced Air streams from rectangular 
outlets having low aspect ratios develop a symmetrical or cone shape within 
a few diameters from the outlet face. From there on, the jet continues to 
expand at a fairly constant rate. Beyond 20 diameters there is very little 
difference between round and rectangular jets. The assumption can be 
made that the apex of the cone is in the same position for any jet having a 
small aspect ratio. For the more usual problems of the conventional room 
with outlets near the ceiling, there are insufficient experimental data to 
justify a definite statement on the effect of aspect ratio. 

If the round or rectangular opening is divided into a number of orifices 
having straight sides, the performance of the air stream will be similar to 
that of a plain opening. 

Velocity Across Jets 

Results of many tests^ indicate that the ratio of centerline velocity to 
average velocity is about 3, irrespective of outlet size, shape or initial 
velocity. This statement is true for stream cross-sections located beyond 
10 diameters from the outlet, and is fairly accurate for distances up to 50 
diameters. Experimental data are lacking for distances beyond 50 diam- 
eters. 

Effect of Aspect Ratio on Entrainment 

In slotted outlets, the air entrainment of the primary jet is a function of 
aspect ration This effect is most pronounced when large changes in the 
ratio are made. A comparison between a slot of aspect ratio 24 and 
a square opening of the same area is given in curves A and B of Fig. 1. At 
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a distance of 8 ft from the outlet, the entrainment of the slot is 8.1 as com- 
pared with 6.9 for the square, or an increase of about 17 per cent. 

Curve C shows the further increase in entrainment obtained by using an 
aspect ratio of 48. An increase of 40 per cent is obtained over the 24 in. x 



Fig. 1. Typical Relation of Entrainment Ratio to Distance prom Outlet 
FOR Slotted Outlets. (Based on 800 fpm Outlet Velocity.) 

1 in. slot. This indicates that long narrow slots produce air streams that 
give high induction of secondary air. 

Parallel Slots 

The use of several slots in parallel to vary the rate of air entrainment 
depends mainly on the distance between the slots. If close together, the 
air pattern is about the same as for a single opening of equal area. Spac- 
ing the openings farther apart gives an increase in entrainment as shown on 
curves D and E of Fig. 1. It will be noted that 2 openings 24 in. x i in. 
located very close together will obtain an entrainment which is about the 
same as obtained with one 24 in. x i in. opening. However, if the slots are 
spaced 6^ in. apart there is a marked increase in entrainment. 
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Throw 

Equations for the throw of straight flow side wall outlets have been de- 
veloped on the basis of the momentum theory. Equation 4 states the 
throw in terms of the area of the outlet and the primary air volume^ : 

L - 0.82 (4) 


where 

L throw, ft. 

A\ ■■ effective outlet area, in square inches » (gross measured area) X (percentafce 
of free area/100) X (discharge coefficient). 

The discharge coefficient is approximately 0.8. 

Equation 4 has been developed under the assumption that the tempera- 
ture of the supply air is the same as the temperature of the room air. It 
applies only to straight flow outlets with aspect ratios less than 16. 

Equation 5 for the performance of straight flow outlets evolved from 
research^ allows the calculation of the maximum residual velocity at any 
distance perpendicular to the outlet face. It applies for aspect ratios up 
to 50. 


Vr^ K 


Wii 

X 


K 


X\/4i 


(5) 


where 


Vw * maximum residual velocity in air stream, i.e., the highest maintained velocity 
at the given cross section in the room, feet per minute. 

Vi « average initial velocity across outlet, feet per minute. 

K constant of proportionality. 

Ai » effective outlet area in square feet » (gross measured area) X (percentage of 
free area/100) X (discharge coefficient). 

X ■■ normal distance from outlet face, feet. 


Equation 5 together with Equation 6 (which reduces to Equation 7 if 
the jet angle is 20 deg) for the entrainment ratio, 


where 


Entrainment Ratio 


' 0-785 £ / /^ 
RX-\/Ai\y 0.785 


+ 2 X tan 


O’ 


- 1 


( 6 ) 


R « ratio of maximum residual velocity to average residual velocity. 
O » jet angle or spread angle in degrees. 


Entrainment Ratio 
(20 deg jet angle) 


0.7® K 

RXy/Ti \y 0.7® 


-t-0.®X 


) 


1 

- 1 


(7) 


has been used to develop charts* which provide the graphical solution of 
problems involving the determination of the throw of air from slots and jets, 
the residual velocity, and the size of openings. (See Figs. 2 and 3). The 
charts apply only to air discharging into room air of same temperature as the 
stream. They can be used to determine the throw of air and 
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ratios up to 40: 1 with initial velocities of 1000 to 6000 fpm and with residual 
velocities of 100 to 1000 fpm. The charts furthermore are for use with 
shaip-edged orifices or slots, and indude the coefficient of discharge. If air 
is discharged from an orifice with a well-rounded entrance or from a length 
of straight duct, the coefficient of discharge is unity and the actual area of 
the opening is the effective area. ^For such rectangular openings the 
effective diameter is the diameter of a circle with an area equal to the actual 
area of the rectangle. The following examples will illustrate the use of the 
charts : 

Example 1: Air is delivered to a cooler through independent slots each 24 in. x 2 in. 



Fig. 2. Relation Between Initial Velocity, Residual Velocity, 
Entrainment Ratio and Throw of Air from Jets and Slots 

with an initial velocity of 2000 fpm. Determine the maximum residual velocity and 
the entrainment ratio at a distance of 15 ft from the slot. 

From Fig. 3 the effective diameter « 6.2 in. 0.52 ft. The number of effective 
diameters in 15 ft « 15/0.52 » 28.8. 

From Fig. 2 at 2000 ft initial velocity read entrainment ratio = 6.6 and maximum 
residual velocity = 390 fpm. From tests it has been shown that the average residual 
velocity may be taken as f of the maximum or 130 fpm in this case. 

Example 2: Using the data from Example 1 determine the distance at which the 
maximum residual velocity will be 150 fpm. 

From Fig. 2 at 7i = 2000 and Vr » 150, the number of effective diameters is read 
directly as 73 and the throw of the air is therefore 73 x 0.52 = 38 ft. 

Example S: Air issues from a round orifice plate with an initial average velocity of 
4000 fpm. It is to have a maximum residual velocity of 400 fpm at a distance of w ft 
from the opening. Calculate the size of the opening required and the entrainment 
ratio. 

On Fig. 2 at the intersection of the curve of 4000 fpm, the entrainment ratio is read 
directly as 15 and the effective diameters of throw ■■ 55. 
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Since 55 effective diameters are equal to 30 ft as required, 1 effective diameter » 
It -0.545 ft or 6.56 in. 

On Fig. 3 vertically below intersection of 6.56 in. effective diameter line and 
equivalent round opening line read 8.5 in. in lower margin. 

Example 4*’ A jet of air issues from a pipe or from air orifice having a well-rounded 



SLOT WIDTH OR ORIFICE DIAMETER- INCHES 

Fig. 3. Effective Diameters for Round and Rectangular Openings 
(Plenum Approach) 

entrance (coefficient of discharge — 1.0) and delivers air with the same velocities and 
with the same throw as in Example S. What is the required diameter? 

In this case since the coefficient of discharge is unity, the effective diameter of the 
jet is the actual diameter of the pipe or orifice, or 6.56 in., as obtained in Example 5. 

Spread 

The induction effect results in the spreading of the air stream. The total 
angle included by the air stream from straight flow outlets has been meas- 
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ured and found to be between 14 and 25 d^. The aog^e will depend on the 
type of approach, type of outlet and velocity. 

The effect of vertical bars placed in the face of the outlet to increase the 
spread, may also be deduced from the momentum tiieoiy. Assuming t^t 
there are no horizontal deflecting bars and that the air spreads vertically 
through a to^ angle of 14 deg; that a uniform velocity exists at any sec- 
tion of the air stream ; and that the conservation of momentum principle 
applies down to a velocity of 60 fpm; the following approximate equations 
for throw are to be substituted for equation (4)* : 

For a spread of 15 deg on each horizontal side L • 0.55 ( 8 ) 

Qi 

For a spread of 30 deg on each horizontal side L <> 0.37 — 7 = ( 9 ) 

'vAi 

Qi 

For a spread of 45 deg on each horizontal side L « 0.28 - 7 = (10) 



Fig. 4. Spread of Air Stream with Various Vanes 


Guide Vanes 

Vanes should have a depth of one to two times the spacing between the 
vanes. If the ratio of vane depth to spacing is less than one, effective con- 
trol by means of the vanes cannot be obtained. Little improvement is ob- 
tained by increasing the ratio beyond two. The effect of various t3rpes of 
vanes is given in following paragraphs. 

Straight Vanes, As mentioned previously, the included angle between 
both planes will be in the neighborhood of 14 deg, for a straight setting of 
the vanes as shown in Fig. 4. 

Diverging Vanes, Such vanes set for an angular spread will have a 
marked effect on the direction and distance of travel of an air stream. An 
outlet having vertical vanes set straight forward in the center, with uni- 
formly increasing angular deflection to a maximum at each end of 45 deg, 
will produce an air stream with a horizontal included angle of approximately 
60 deg as shown in Fig. 4. The throw will be reduced one-half for such a 
vane setting. Increasing the divergence of the vanes reduces the air quan- 
tity handled by an outlet for a given duct static pressure. The primary 
function of the vanes is to spread the air horizontally. Spreading the air 
vertically entails the risk of hitting beams or other obstructions or of blow- 
ing primary air at excessive velocities into the occupied zone. 

Converging Vanes. The blow of an outlet may be somewhat increased 
by converging the vanes of an outlet as illustrated in Fig. 4. Even with 
converging vanes, the resultant angle of spread of an air stream will not 
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be less than 14 deg. The air converges for a few feet in front of the outlet, 
and then diverges more than if the vanes had been set straight. 

Both the horizontal and vertical vanes of an outlet are important. After 
an installation has been made, many conditions of draftiness or stuffiness 
can be alleviated by some vane adjustment, provided an independent means 
for regulation of static pressure behind the vanes is included. 

Vertical Drop and Rise 

The distance that the lower edge of the air stream drops below the bottom 
of the outlet is important, since the air stream should not reach the occupied 
zone until the velocity has fallen to about 50 fpm. The drop {H, ft) is 
influ^ced by two forces; the natural vertical spread of the stream and the 
gravitational force due to the difference in density between supply air and 
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room air. For air emerging at room temperature, the drop will be a func- 
tion of the spread only and will be equal to : 

( 11 ) 

where 


Hi » drop due to spread (when emerging air and room temperature are the same), 
feet. 

L — throw, feet. 


When there is a temperature difference between the air stream and the 
roam, there is an additional drop which is approximately 


where 


Ht 


ni(tt - tjL* ! 
Vi 


( 12 ) 


Ht K additional drop due to temperature difference, feet. 
ni and n* « constants (tentative suggested values tii^ 5, nt** 1.2). 

<r » room temperature, degrees Fahrenheit. 

Ut supply air temperature, degrees Fahrenheit. 

F| » jet velocity, feet per minute. 

It should be remembered, that the total drop H = Hi + Ht. Hi is 
positive for either heating or cooling ; Ht is positive for cooling, negative 
for heating. In consequence, there will always be vertical drop in cooling, 
and a vertical rise in heating only if > Hi. 
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Another empirical equation for tiie total drop is* : 


H 


Vi 


(13) 


where , 

m ~ constant (tentatively suggested value of m i- 16). 

In other words, for a given throw L the drop or rise increases as the tem- 
perature difference increases and the outlet velocity decreases. This equa- 
tion is only valid, if a temperature difference exists between room air and 
supply air. 


Room Air Motion (Wall Outlet) 

One of the most important problems in air distribution is to achieve air 
motion in the occupied zone within acceptable velocity limits. Therefore, 
outlet performance and characteristics of the space have to be related to 
this air motion. 

The air moving in the occupied zone is (for a side wall outlet) equal in 
quantity to the total air contained in the outlet stream at the end of the 
throw and it is generally moving in a direction opposite to the stream. 
Assuming that the maximum volume of air is in circulation when the air 
stream velocity Fa drops to 200 fpm, that the free area for return flow is 
0.6 of the area of the wall in which the outlets are located, then, according 
to the momentum theory*'^: 


V 


0.6 X A, 


(14) 


where 


V — average room velocity, fpm. 

Q, = volume of room air in motion, cfm. 

area of wall in which outlet is located, square feet. 

Fi 

Since (la = Qi x r, (by definition) ; and ^ = y according to Elquation 3; 
the average room velocity is: 

Q.r ^ /Vx 

“6.6i,‘'6.6AwVF. 

or, with Fa = 200 fpm 


V 


QiV^ 

120A, 


(16) 


When Qi, the volume of primary air, Fi, the velocity of primary air and 
Aw, the wall area are known, the averse room velocity may be calc^ated 
from Equation 15 in order to determine the acceptability of the air dis- 
tribution system. 

OUTLET PERFORMANCE 

The factors of outlet performance, throw, drop, room air motion, 
capacity, temperature differential, dirt and noise place contiderable limita- 
tions on the design of a satisfactory distribution 83n9tem. 



794 


CHAPTER 40 


1949 Guide 


1. Throw, The throw of a wall outlet must be sufficient to produce 
satisfactory conditions over the area to be conditioned. Underblowing 
may cause heated air to rise too rapidly above the occupied zone and thus 
create excessive vertical temperature variation (stratification) ; in cooling 
operation it may cause cold air to drop into the occupied zone before a sat- 
iirfactory mixing of supply and room air has been accomplished by induction 
and thereby create a condition of acute discomfort (draft). On the other 
hand, overblowing will result in objectionable downdrafts from any surface 
ttie primary air stream may strike. 

On the average it is considered most practicable to select throw as f of 
the distance toward an exposed wall or window, as shown in A of Fig. 5. 
However, structural characteristics, mounting height, temperature dif- 
ferential and resultant drop or rise, or location of greatest heating or cooling 
loads strongly affect the selection of the optimum throw. In spaces with 
beamed ceilings, the outlets should be located below the bottom of the 
lowest beam level, and preferably low enough so that an upward or arched 
blow may be employed. The blow should be arched sufficiently to miss 
the beams and, at the same time, in such a manner as to prevent the pri- 
maiy or induct air stream from striking furniture and obstacles and pro- 
ducing objectionable drafts. 

In the case of ceiling diffusers air is distributed with a spread of 360 deg 
horizontal. In addition there is a downward component of air motion. 
Therefore, both throw (radius of diffusion) and mounting height are im- 
portant and interdependent factors. Due to the 360 deg spread of air 
diffusion the rate of induction will be higher and the throw shorter than 
that of a wall grille opening handling the same air quantity at the same 
outlet velocity. Therefore, ceiling diffusers will frequently permit the 
use of higher air velocities than wall outlets and consequently may be sized 
smaller to handle the same air volumes. If such ceiling outlets are installed 
flush with the ceiling, impingement of the air stream along the ceiling sur- 
face restricts induction of secondary air and the throw is increased approxi- 
mately 20 per cent above that of an unrestricted air stream. 

In the use of perforated ceiling plates as air distributing devices the term 
throw could hardly be applied in its proper meaning. Although this type 
of outlet can handle the greatest amount of air in proportion to room size, 
jet velocities must be kept low. 

In all t3rpes of ceiling air distribution the following should be noted: 

If cold air is used it must be brought to the proper temperature by mixing with 
room air before entering the zones of occupancy. 

Air slightly above room temperature will usually be properly distributed by outlets 
selected for cooling. 

When delivering warm air the same may be projected downward and the amount of 
dispersal of the jet varied to obtain proper mixing and control. 

2. Drop. The outlets should be located so that the air stream at the 
termination of the blow is not less than 5 or 6 ft above the floor level. As 
illustrated in B of Fig. 6 the maximum permissible blow for a given ceiling 
height may be obtained by locating the outlet low on the wall, arching the 
blow, and sweeping the air across the flat ceiling. The air, as it traverses 
the room, will adhere to the ceiling. The objection to this method is the 
possible streaking of the ceiling with dirt. 

3. Room Air Motum. Various features may cause room air motion to 
exceed acceptable standards. Some of these are: excessive air discharge 
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velocities ; high air volume per cu ft of spacO (often referred to as number 
of air changes per hour) ; premature drop of cold air into the occupied zone ; 
overblow causing spilling of high velocity air into the occupied zone ; heat- 
ing in severe climates by means of downward projection of hot air. It 
should be realized that these factors will not equally affect all types or 
designs of outlets at different temperature differentials, mounting heights, 
etc. For instance, certain outlets may safely handle more air per cubic 
foot of space at higher discharge velocities than others, and downward 
projection of supply air will sometimes not be considered excessive if the 
supply air temperature is substantially higher than the room temperature. 

4. Capacity. The quantity of air to be handled is determined by the 
heating, cooling, or ventilating requirements. Manufacturers' rating 
sheets are usually consulted for selection of the proper number, size and 
type of outlets for a given air quantity. The basis of rating used should 
be carefully noted to make certain that resulting velocities are suitable for 
the application. 

6. Temperature Differential. This is one of the most important factors 
affecting outlet performance. The quality of the temperature control, or 
the extent of the control problem, is directly a function of temperature 
difference. Obviously a system which carries under design conditions only 
a 6 deg difference between supply air stream and room temperature would 
require no control at all, for even a 50 per cent change in load could only 
effect a 2\ deg change in room temperature under the worst conditions. 
Because of the self-equalizing nature of most load factors, even this ex- 
treme is never realized. It is obvious that the greater the temperature dif- 
ferential between supply air and room temperature, the greater will be the 
change in room temperature for a given change in load. The use of outlets 
that give rapid mixing permits greater temperature differentials. These 
principles apply in both heating and cooling practice. 

6. Dirt. Although the primary air may be carefully filtered, small par- 
ticles of dirt and dust will not be captured by mechanical filters and may 
finally be deposited on the walls or ceiling. With ceiling outlets, dirt 
streaking may be minimized by carefully controlling the discharge of the 
outlets. With wall outlets, dirt streaking may be minimized by preventing 
direct impingement of the air on any ceiling or room surface. Floor out- 
lets may offer objection as dirt collectors. 

7. Noise. The increase of noise level caused by an outlet is primarily a 
function of its air discharge velicity and its size. The maximum acceptable 
noise level in a space may dictate completely the selection of the permis- 
sible outlet velocity. In addition, however, noise may be caused by exces- 
sive restriction of free outlet area due to outlet design ; by unnecessary tur- 
bulence due to one sided air flow through the outlet ; or by the impingement 
of high velocity air on sharp edges. Such high frequency noises due to 
excessive turbulence are especially annoying (see Chapter 42 for discussion 
of permissible room noise levels and noise generation by outlets). 

TYPES OF AIR OUTLETS 

Tv' o types of air supply outlets are commonly used ; side wall and ceiling. 
A variety of designs has been developed for both t3q)es and the final selec- 
tion depends to a large degree upon the specific problems arising in the air 
distribution system to be used. 

In addition to the comments on use and application of outlets which fol- 
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low, reference should also be made to sections of this chapter on Outlet 
Location and Selection as well as on Specific Applications. 

Wall Outlets 

Wall type openings in genial use are: perforated grilles, vaned outlets, 
registers, slotted outlets, ejector nozzles, and wall diffusers. 

1. Perforated Grilles. Due to the non-adjustibility and small vane ratio 
these outlets, although inexpensive, have not met with favor as wall type 
supply openings. They are useful primarily where directional air control is 
imnecessary, and for return air intakes. 

2. Vaned Outlets. Outlets equipped with either vertical and horizontal 
adjustable vanes or both are particularly suited to sidewall distribution. 
For proper control over the air flow, the vane ratio should be from 1 to 2. 
Outlets with non-adjustable vanes may be employed but they should only 
be used where the performance is not critical or can be adequately pre- 
dicted. Vanes should be properly designed to prevent an increase of noise 
above permissible level. 

3. Registers. Perforated grilles or vaned outlets equipped with a vane 
damper are termed registers. They are used primarily for residential heat- 
ing systems, where the outlet distribution is not critical and low cost is of 
importance. 

4. Slotted Outlets. Slotted outlets essentially consist of either flat steel 
plates containing a number of long narrow slots or a single long narrow slot. 
In order to give a good conversion from static pressure to velocity pressure, 
the sides of the slots are rounded to give a venturi effect. Due to their high 
aspect ratio, the slotted outlets have a greater induction effect than the 
comparable vaned outlets of equal area and consequently the throw is re- 
duced. They are primarily useful where an unobtrusive means of distribu- 
tion is desired, and where it is desirable to submerge the outlets into the 
room decoration and to minimize the effect of obstructions in the line of 
discharge. They are adaptable to narrow rooms having low ceilings. In 
this case the slots should extend the full length of the room. In all applica- 
tions air quantity and distribution must be carefully planned as correction 
after installation is difficult. 

5. Ejector Nozzles. These are outlets operating at high static pressure. 
They give a high conversion from static in the duct to velocity pressure in 
the outlet, and have a high induction effect due to their high outlet velocity. 
They are chiefly used for long throw and industrial process installations, 
such as drying, freezing, cooking, etc. Another t3rpe of ejector is some- 
times referred to as a louoer nozzle having a 45 to 90 deg elbow, which can be 
rotated similarly to a universal joint about an axis perpendicular to the 
surface to which it is fastened. These outlets give a considerable degree of 
adjustability and are, therefore, desirable for use in confined spaces where 
q)ot cooling is employed. The use of very high velocities is gradually dis- 
appearing due to noise difficulties. 

6. Watt Diffusers. These outlets incorporate design features originally 
developed for ceiling outlets and use therefore semi-conical or semi-pyrami- 
dal guide vanes instead of the straight vanes of the conventional side wall 
outlet. 

Ceiling Outlets 

Generally used ceiling outlets are: plaques, ceiling diffusers, and per- 
forated ceilings and panels; a discussion of each follows. 
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1. Plaques. Plaques are of simple design. The air from the supply 
opening impinges on a plate, which permits the air to be discharged horizon- 
tally in all directions. Plaques, although inexpensive, are difficult to con- 
trol and are not generally satisfactory. In certain applications a properly 
designed plaque yields satisfactory results. 

2. Ceiling Diffusers. Ceiling diffusers are round 6t rectangular outlets 
installed on or parallel to the ceiling, dischar^ng supply air in a variety of 
directions and planes. Performance of the different designs varies accord- 
ing to principle employed. Some have no internal induction, but hasten 
external induction by supplying air in multiple layers. Others have in- 
ternal induction and distribute air over an entire h^f sphere. The induc- 
tion effect is greatest in the direction of the axis of the outlet, and least in 
the plane perpendicular to the axis and located at the ceiling level. Thus 
the induction is greatest in the vertical direction where the least throw can 
be tolerated and least in the horizontal plane at the ceiling where the 
greatest blow is both desired and permissible. 

3. Perforated Ceilings and Perforated Panels. This method obtains air 
diffusion by discharging air through perforations in the ceiling, or part of 
the ceiling or walls. Some perforated panels feature a control plate frame 
which is inserted in the conventional ceiling duct. Supply air enters the 
plenum above the distribution plates through an adjustable air valve which 
can be set for varying air quantities and velocities. The advantages are 
unobtrusive appearance and the ready application of sound absorbing 
material to the design. Also, if designed properly, this system provides 
a low rate of room air motion and consequently lends itself to applications 
having high load or high ventilating requirements. The perforations 
should be kept free of accumulations of dirt, as clogging will cause uneven 
distribution and result in smudging of the ceiling. Best results are ob- 
tained in systems having efficient cleaning devices. 

In present practice relatively low velocities are used because the 
perforated material offers only small resistance to the air flow. Therefore, 
great care must be taken to distribute the primary air at uniform 
velocities over the perforated panels to avoid uneven air distribution and 
primary air streams of undesirable velocities and direction. 

OUTLET LOCATION AND SELECTION 

In selecting the location of outlets, consideration must be given to the 
factors of physical construction, physical appearance, location of heating 
or cooling loads, and outlet performance: 

1. The 'physical construction of a building, particularly of old buildings, 
immediately places limitations on the type of distribution system which 
can be employed. The first factor in the selection of outlet locations, there- 
fore, is a consideration of the possible location of the supply duct, that is, 
whether it is above the ceiling, within the walls, through furred spaces 
above corridors, or in the conditioned space, etc. A particular method of 
distribution may be highly desirable but its execution, due to the location 
of beams and masonry walls, may be impossible. 

2. The physical appearance of the outlets should conform to the esthetic 
appearance of the room. In factories, warehouses, etc., the esthetic de- 
mand may not be high ; however, in department stores, clubs, theaters, etc., 
the location of the grilles may be dictated largely by such demands. 

3. The location of heating or cooling loads in a room dictates to a great 
extept the general locatiop of the ouUets. ThQ outlets should be loci^ted 
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to neutralize any undesirable cold drafts or radiation effects set up by a 
concentration of the heating or cooling load. The problem can be divided 
into natural loads due to outside weather and internal heat hods. 

In winter the natural or primary heating load is caused by exposed walls, 
windows and skylights. Heat is lost primarily through convection to these 
exposed surfaces. The convection currents or cold drafts drop down the 
exposed surfaces and seriously impair the comfort conditions in the room, 
pa^icularly at the floor level near the exposed surfaces. The outlets should 
be located to counteract these down drafts. Methods which may be em- 
ployed are: 

a. Direct counteraction of convection currents from cold surfaces can be obtained 
by locating the outlets to blow upward from beneath windows or exposed walls 
or to blow across the exposed wall. This method is desirable in small offices 
or bedrooms, or any location where people are seated or working near exposed 
surfaces. In northern climates, where the outside temperature may be con- 
stantly below 40 F, and the construction consists of uninsulated walls and 
single glass, this method of distribution is particularly useful for the main- 
tenance of comfort requirements. 

b. High induction by ceiling or wall outlets may be employed to nullify the con- 
vection currents from exposed surfaces. If outside temperatures are consist- 
ently below 40 F, and the exposed surfaces are not well insulated, the induction 
effort required for neutralization of the downdrafts is so great that the air 
motion in the room may exceed comfort limits unlesjs care is taken in selection 
and location of the outlet. Where comfort conditions are not critical as in 
factories for heavy manufacturing, warehouses, etc., satisfactory results can 
be obtained even in cold climates. For uninsulated walls and glass areas some 
supplemental^ heating is often valuable. Wall diffusers, direct radiation or 
warm panels will satisfy these requirements for supplementary heating. 

c. The location of exhaust or recirculated air openings at the base of lar^e areas of 
glass is sometimes effective in reducing cold downdraft into the occupied space 

If a concentrated source of heat creating an internal heat load is located at 
the occupancy level of the room, the heating effect may be counteracted by 
blowing the supply air toward the heat source or by locating an exhaust 
or return grille adjacent to the heat source. The latter method will prove 
more economical, as heat will be withdrawn at its source rather than be 
dissipated into the conditioned space. Where a lighting load is particularly 
heavy (five watts per square foot) and located high in a conditioned space, 
it may be economically desirable to locate the outlets below the lighting 
load. Warm air from the lights will stratify near the ceiling and can be 
removed by an exhaust or return fan, the former being advisable if the wet- 
bulb temperature of the air is above the outside temperature, and the latter 
being preferable if the wet-bulb temperature is below that of the outside 
air. Either method reduces the requirements for supply air. If the lamps 
are exposed, less saving can be realized than if enclosed, as a considerable 
portion of the total energy is radiant. 

4. Outlet Performance. The laws of air distribution, previously dis- 
cussed, will be found to exercise an important influence upon the design of 
an acceptable distribution system. This applies particularly to such fea- 
tures as throw, drop, capacity and room air motion. 

Procedure for Outlet Location and Selection 

In determining outlet location and selecting the type of outlets it is cus- 
tomary to proceed as follows: 

1. Study the plan of the building and note the amount of air to be supplied to each 
enclosure. 
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2. Select number of outlets for each enclosure considering air quantity required 
and distance available for throw or as radius of diffusion. The same factors, as well 
as distance from floor level available as mounting height, structural characteristics 
of the space and frequently consideration of appearance will determine the type of 
outlet used. 

3. Arrange location of outlets in space. Usually the outlets will be evenly spaced 
to distribute air uniformly throughout the enclosure. Sometimes, however, more 
air should be supplied and directed towards zones of exceptional heating or cooling 
loads. An important point to consider is the combination of proper outlet location 
and efficient duct design (see Chapter 41). Consult manufacturers’ tables for recom- 
mended location and spacing of outlets. 

4. Select size of outlets according to air quantity handled, permissible throat or 
discharge velocities or effective throw, taking into consideration other factors such 
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Fig. 6. Outlet Velocity and Air Direction Diagrams for Stack Heads 
WITH Expanding Outlets 

Stack 14 in. X 6 in. Outlets 14 in. x 9 in. Stack Velocity 500 fpm 

A. Rounded Throat and Round Back. D. Square Throat and Cushion Chamber. 

B. Square Throat and Round Back. E. Rounded Throat and Back and 2 Splitters. 

C. Square Throat and Back. F. Square Throat and Back and 6 Guide Vanes. 

as noise level, static pressure resistance, etc. It will be generally found that most 
selection tables for grille type outlets are based on capacity and throw, whereas data 
for ceiling or wall diffusers are usually based upon capacity and permissible outlet 
velocity. Choice and arrangement of either type of outlet should however satisfy 
the requirements of all aspects of air distribution. Therefore, type, location and 
size of any outlet should be checked against manufacturers’ rating to determine 
whether the selection made would satisfy the requirements of the job. The most 
important questions to be considered are : 

a. Can drafts occur because of divergence between rated throw (radius of diffu- 
sion) and distance between outlet and nearest obstacle of air stream (wall, 
beam, pillar, ledge, etc.) ? 

b. Can drafts occur because of excessive cooling temperature differential and too 
low mounting height of the outlet? 

c. Can drafts occur because of too low velocity causing a drop in cooling installa- 
tions? 

d. Will the outlet operate at too high a velocity and thereby cause an excessive 
increase in noise level? 

e. Will the outlet operate against an excessive static pressure resistance? 
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Balancing the System 

In designing an air conditioning system it should be the aim of the en- 
gineer to size ducts and outlets in such a manner that proper distribution of 
supply air takes place. In practice, however, this is almost impossible and 
therefore additional means for regulating air distribution are required to 
balance the system. Some of these means are : 

1. Reducing the effective area of some supply openings by blank-offs. 

2. Placing dampers in the supply and return (exhaust) openings. 

3. Placing dampers in the supply and return (exhaust) ducts. 

4. Using combinations of dampers in both supply and return (exhaust) ducts. 

In selecting the desired type of damper or balancing method the follow- 
ing points should be kept in mind: 

1. Unfavorable effect on air stream and noise level should be avoided. This will 
often eliminate blank-offs and dampers installed in the supply and return (exhaust) 
openings, unless such dampers arc of special design. 

2. It should be possible to alter the volume control setting and measure the amount 



of air handled without difficulty. This will be particularly difficult to achieve in 
the case of blank-offs. 

Generally speaking, it is most satisfactory to install dampers in the supply 
duct at some distance back of the outlets, so as to avoid disturbing the air 
flow. Dampers in both supply and return air ducts form the most flexible 
means of controlling supply of air to the room and static pressure within the 
room. Means of volume and directional control are discussed in detail in a 
following section of this chapter. Many types of air distribution control 
devices are now commercially available. 

DIRECTIONAL AND VOLUME CONTROL 
Duct Approaches to Outlets 

In order to obtain proper direction of flow and distribution of air from 
outlets it is necessary that the air stream approaching the outlet be of uni- 
form velocity over the entire connection to duct and perpendicular to the 
face. 

Grilles and directional outlets cannot compensate for improper approach- 
Any attempt to secure a low face velocity and a high duct velocity by con- 
structing an expanding chamber directly behind the grille is likely to be un- 
successful because the enlaigement angle in even a straight duct cannot be 
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Table 1. Recommended Retubn Intake Face Velocities 


Intake Location 

Velocity 

Over Gross Area 

Fpm 

Above occupied zone 

* 800 up 

600-800 

400-600 

Within occupied zone, not near seats _ 

Within occupied zone, near scats. 

Door or wall louvers 

500-700 

Undercutting of doors (through undercut area) 

600 



greater than 7 deg at each side if the stream is to fill the outlet without 
turbulence. 

In elbow outlets or stack heads at the top of vertical stacks it is necessary 
to provide splitters or guide vanes in the elbows regardless of the shape of 
the elbows whether of rounded, square or expanding types. Cushion 
chambers at the top of the stack heads have no beneficial effect. The direc- 
tion of flow, distribution and velocity (measured 12 in. from outlet) of the 
air, based on tests®, are shown in Fig. 6 for various types of stack heads ex- 
panding from a 14 in. x 6 in. stack to 14 in. x 9 in. outlets, without grilles. 
The air velocity for each was 500 fpm in the stack below the elbow, but the 
direction of flow and the distribution patterns are generally indicative of 
performance obtainable with non-expanding elbows of similar shapes for a 
range of velocities 200 to 1400 fpm. Some of the conclusions dra^^^l from 
the tests were : 

1. Experiments with various elbow outlets on the 14 in. x 6 in. vertical stack* with 
stack air velocities of 200 to 1400 fpm indicated that enlargement of the outlet area, 
whether used in connection with square or rounded elbows, would not reduce either 
the angle of discharge (which was 20 to 30 deg above the horizontal) or the outlet 
velocity. The effect of the enlargement of the outlet was mainly to increase the 
reverse flow area in the lower part of the outlet, but in each case enlargement of the 
outlet reduced the static pressure in the duct below the elbow. 

2. Splitters in the elbows had the effect of dividing the air stream into a number of 
streams flowing through rounded elbows and therefore lowered the angle of discharge, 
reduced or eliminated the reverse flow area, and made the outlet velocity quite 
uniform. 

3. Turning vanes having 2 in. inner and 1 in. outer radii located in the center of 
the elbow were found niost effective in improving performance in regard to angle of 
discharge, outlet velocity, and elimination of reverse flow area. 

4. Pressure loss through stack heads may be reduced by use of splitters or turning 
vanes or by increasing the inner radius of an elbow. Considering the sum of the 
velocity and static pressure as a measure of the energy required to change the direc- 
tion of the air stream and to deliver the air into the atmosphere, and considering the 
energy required for a plain fitting as 100 per cent, it was found that turning vanes 
dropped the energy requirement of square type stack heads to 45 per cent. Splitters 

Table 2. Approximate Pressure Drops for Lattice Return Intakes 
Inches Water Gage — Standard Air 


Face Velocity, Fpm 


Free Area 

400 

500 

600 

700 

800 

900 

1000 

50 

0.06 

0.09 

0.13 

mm 

0.22 

0.28 


60 

0.04 

0.06 

0.09 


0.16 

0.20 


70 

0.03 

0.05 

0.07 

HoukH 

0.12 

0.15 


80 

0.02 

0.03 

0.05 

gH 

0.09 

0.11 
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reduced the energy requirement to 90 per cent in long radius elbows and to 74 per 
cent in short radius turns. In expanding heads splitters reduced the energy requm- 
ment to 58 per cent. 

Side Outlets In Horizontal Air Ducts 

When air is supplied to a room from side outlets in horizontal ducts it is 
necessary to use directive devices within the duct at each outlet in order to 
obtain a uniform velocity of delivered air and to obtain a direction of flow 
perpendicular to the face of the outlet. In tests® conducted with 3 in. x 10 
in., 4 in. x 9 in., and 6 in. x 6 in. outlets in a 6 in. x 20 in. horizontal duct at 
duct velocities of 200 to 1400 fpm (in the 6 in. x 20 in. section) it was found 
that multiple curved deflectors produced the best flow characteristics. 
Vertical guide strips in the outlet were not so effective as curved deflectors. 
A single scoop type deflector at the outlet did not improve the flow pattern 
obtained from a plain outlet and was therefore not found to be desirable. 

Ceiling Outlets on Horizontal Ducts 

Ceiling outlets are usually installed below horizontal supply ducts so 
that the supply air has to make a 90 deg turn before entering the outlet it- 




Fig. 8. Air Distribution Methods for Theaters, Churches, 

AND Auditoriums 

self. The shorter the connection between bottom of duct and outlet, the 
greater is the need for directive devices to obtain uniformity of flow. Gen- 
erally speaking, conditions and remedy in such cases strongly resemble those 
for side outlets in horizontal air ducts. Ceiling ducts often have a rectangu- 
lar cross section while the connections to the ceiling outlets are circular. 
It will then be quite difficult to install turning vanes successfully, particu- 
larly if the ducts are shallow and the connection areas are comparatively 
large. This will be the case, when more than one outlet is installed on one 
duct run and restrictions of duct area must be avoided. In such cases good 
results have been obtained by using a series of vertical guide strips, in- 
stalled at right angles to the direction of air approach in the outlet connec- 
tion where it leaves the horizontal air duct. 

Volume Control 

Various methods are used to regulate volume of supply and return (ex- 
haust) air. Some of these accomplish only minor changes in volume ; most 
of them however permit a range of adjustment from maximum air supply to 
complete shut-off. 

When selecting type and location of such dampers, the following points 
must be considered, especially when the volume control feature is to be 
ocated near the air outlet itseff : (1 ) deflection of air stream by the damper. 
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need and feasibility of directional control ; (2) increase of noise level due to 
irregular and localized high air velocities caused by damper operation. 

The following types of volume control are most frequently encountered : 

1. Slide Damper. A single plate which cart be pushed acrojgis the duct. Since its 
operation changes the free area of air passage in a one sided manner it should not be 
located near any air outlet and is practic^le only where no intermediate setting 
between full open and closed is required. 

2. Hit-and-miss Damper. Two slotted plates or discs, closely adjacent ; by moving 
one of the two plates the respective slots may be opened or closed. This type of 
volume control may be installed close to an air outlet and it is easy to operate, but 
its main disadvantage is that even in the open position the air passage area is blocked 
by at least 60 per cent. This requires oversizing of the air outlet m order to avoid 
excessive increase of noise level. 

3. Splitter Damper. A single blade sheet metal plate hinged at one edge, usually 
located at the branch connection of a duct or outlet. It is easy to operate but often 
causes irregular air flow in the duct. When used in connection with, and near an 
outlet additional directional control is required. 

4. Butterfly Damper. A single blade sheet metal plate hinged in the middle, 
usually located in a straight duct run. It is easier to handle than a splitter damper, 
since only half the motion is necessary to change its setting. However, if located too 
close to an air outlet, it is objectionable because its operation frequently results in a 
condition whereby two high velocity jets are created along the sides of the duct or 
the air spills immediately downward into the occupied zone (see C Fig. 7). 

5. Louver Dampers. Numerous designs have been developed incorporating a 
series of splitter or butterfly dampers across the duct or air outlet. Their main 
advantage consists in retaining greater uniformity of air flow and in requiring less 
depth for installation. Some designs provide for louver blades moving m opposite 
directions, and while decreasing free air passage area, retain a constant air flow 
direction along the axis of the duct air outlet connection (see A and B in Fig. 7). 

RETURN AND EXHAUST INTAKES 

The selection of return and exhaust intakes depends on: (1) velocity in 
occupied zone near intake, (2) permissible pressure drop through intake, 
and (3) noise. 

1 . Velocity. The effect of air flow through return intakes upon air move- 
ment in the room is slight. Air handled by the intake is drawn from all 
directions, the velocity dropping off rapidly as distance from intake in- 
creases. The only locality where drafts may prove objectionable is adja- 
cent to the intake. To prevent excessive air motion in this area due to the 
return intake, it is advisable to compute the total air motion toward the 
exhaust opening as outlined in Equation 14 where A is the exhaust wall 
area in square feet. Recommended return intake face velocities are given 
in Table 1. 

2. Permissible Pressure Drop. The permissible pressure drop will de- 
pend on the choice of the designer. Table 2 gives pressure drop through 
plain lattice intakes as a function of free area and face velocity. 

Proper pressure drop allowance should be made for control or directive 
devices. 

3. Noise. The problem of noise generated by return intakes is the same 
as that for supply outlets. In computing resultant room noise levels from 
the operation of an air conditioning system, the return intake must be in- 
cluded as a part of the total grille area. The major difference between the 
supply outlets and return intakes is the frequent installation of the latter 
at ear level, '^(lien so located, it is recommended that the return intake 
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velocity be not in excess of 75 per cent of the maximum permissible outlet 
velocity. 

Outlet Location 

The control of the room air motion for the maintenance of comfort con- 
ditions depends on the proper selection of the supply outlets. The loca- 
tion of the return or exhaust intakes does not critically affect air motion unless 
room air velocities in the occupied zone adjacent to the intake exceed com- 
fort limits. The locations of return or exhaust intakes are however impor- 
tant for obtaining the desired room temperature equalization. 

Ceiling locations for outlets are recommended for bars, kitchens, lava- 
tories, dining rooms, club rooms, etc., where warm air will rise to the ceiling 
level. In heating installations, location of the return grilles in the ceiling 
or high on the wall will result in stratification of the conditioned air and a 
high percentage of the heated air will be drawn into the return duct before 
it has served its purpose. (Refer also to considerations outlined previously 
in section OuUet Location and Selection in this Chapter.) 

Some circular ceiling outlets combine the supply and return openings in a 
single unit. The return duct is in the center with the supply pattern on the 
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Winter convection current 

Fig. 9. Distribution Methods for Sbiall Rooms 

A. Satisfactory for cooling. Unsatisfactory for heating in severe climates where the outside temperature 
is consistently below 40 F. and single glass and uninsulated walls are prevalent. 

B. Performance approximately that of A when small diffusers are used in bottom of the duct. 

C. Satisfactory for cooling. Satisfactory for beating if direct radiation is properly controlled. 

D. Satisfactory for both cooling and heating. The air should be discharged slightly away from the wall 
and for low velocities should be fanned out parallel to the wall. 


outside. This method gives best results for cooling applications. The 
application for heating is more critical and requires consideration of ceiling 
height, amount of outside wall area, and number of air changes required. 
In some cases, stratification of warm air may cause short circuiting. Where 
the wall losses are a small part of the total, little difficulty is encountered 
mth stratification. 

Floor locations of outlets are used in heating installations for ceiling or 
side wall supply. When located so that air is ^awn across exposed walls, 
the performance of the system may be somewhat improved. In general, 
floor locations tend to collect dirt and refuse. 

WaU and door locations of outlets depending on their elevation, have the 
characteristics of either floor or ceiling returns. In large buildings with 
many small rooms, the return air may be brought through door grilles or 
door undercuts into the corridors and then to a common return or exhaust. 
Tlie pressure drop through door returns should not be excessive; otherwise 
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the air distribution to the room may be seriously unbalanced with the open* 
ing or closing of the doors. Outward leakage through doors or windows 
cannot be counted upon for dependable results. 

SPECmC APPUCATIONS . 

For theaters ar^ avditoriums the air distribution methods used are the 
downward distribution system with ceiling diffusers and the horizontal 
distribution system with ejector nozzles or wall diffusers. Fig. 8 shows both 
methods. Ceiling distribution is accomplished by ceiling outlets under 
main ceiling and balcony It is indicated when main ceiling or balcony 
are cut up by architectural treatment or beams. The only critical points 
are under the balcony, and (occasionally) above the very rear of the bal- 
cony, where ceiling heights are low and where direct impingement of air is 
sometimes a hazard. 

Wall or ejector distribution is particularly applicable for relatively long 
and narrow theaters. It is essential with this type of distribution that there 
be no interference with the movement of air throughout its entire path from 
the high velocity nozzles to the front of the theater. The ceiling should be 
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Fio. 10. Small Store Cooling Distribution 

A. Raar WaU. High outlet velocity, satisfactory if properly designed; possibility of excessive air motion 
and drafts if used for wrong application. 

B. FrorU WaU. High outlet velocity, results same as A. 

C. FrorU and Rear WaUe. Moderate room air motion, outlet blows should not impinge giving rise to down 
drafts in center. 

D. Center. Moderate air motion, no impingement of air streams. Good results. 

E. One Side. Moderate room air motion; should blow toward exposed wall. Good results. 

F. Ceiling. Low room air motion. Good results. Outlets should be selected of sufficient size to allow 
for blocking when not located in perfect squares. 


smooth without projecting beams or obstructing ornamentation. For large 
theaters, relatively high velocities can be used. These will work satisfac- 
torily if adjustable outlets are used to avoid areas of local turbulence. 

In small or medium size theaters, it is sometimes practicable to use side 
wall or front wall distribution. For the satisfactory operation of such a 
system during the winter heating period, the returns should preferably be 
located at the floor level and near the front of the theater to prevent cold 
spots which may result from exposed wall convection or infiltration from 
exists. 

For multi-room buildings diagrams shown in Fig. 9 illustrate distribution 
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methods for small rooms with exposed wall, such as offices, hotel (guest) 
rooms, hospital (patients) rooms, apartments, etc. 

For a small store the cooling performance of various distribution methods 
is illustrated in Fig. 10. Marine applications of air distribution systems are 
given in Chapter 49. 
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CHAPTER 41 

AIR DUCT DESIGN 


Pressure Losses, Friction Losses, Circular Equivalents of Rectangular Ducts, 
Dynamic or Shock Losses, Pressure Loss in Elbows, Losses Due to Area 
Changes, Pressure Changes, Duct Design, Duct Construction 
Details, Heat Losses from Ducts, Maintenance 


A ir ducts for the transmission of the air in forced air heating, ventilat- 
ing, cooling or air conditioning systems must be carefully designed for 
functional as well as economical reasons. The design should be based 
upon the fundamental laws of fluid flow in pipes and should take fhto ac- 
count recent analytical and experimental studies which complement and 
substantiate the fundamental laws. The basic equations of the flow of 
fluids will be found in Chapter 4, Fluid Flow. 

PRESSURE LOSSES 

Air ducts impose resistances to air flow which must be overcome by 
pressure differences resulting from the expenditure of energy in maintaining 
the flow. In ventilating and air conditioning work the flow of air takes 
place under very small pressure differences, and the assumption that the 
gas density remains constant throughout the flow will cause only a negligible 
error. It is therefore possible to use the equation for incompressible fluids 
fliquids) for the flow of air in a duct, instead of the complicated thermo- 
dynamic formulas for air discharge under conditions of adiabatic flow which 
would be necessary for large pressure differences. 

A reasonably accurate estimate of tlie flow resistances offered by the 
system is essential for satisfactory duct design. The theoretical resistance 
of an air handling system can be computed from the methods and data 
given in this chapter. The actual resistance for any ^ven installation, 
liowever, may vary considerably from the calculated resistance because of 
variation in the smoothness of materials, the type of joints used and the 
ability of the workmen to manufacture the system in accordance with the 
design. It is best to select fans and motors of sufficient size to allow a 
factor of safety. Dampers should be installed in each branch outlet to 
balanc^e the system, and the necessary allowance for this balancing should 
be made in calculating the pressure loss in the system. 

The drop in pressure in air transmission systems is due to friction losses 
and dynamic (shock) losses. Pressure increases and decreases may also 
be effected by changes in duct areas resulting in the conversion of velocity 
pressure to static pressure, and vice versa. The friction losses for turbulent 
flow (which occur in all practical air flow problems) are due to the friction 
of air against the sides of the duct and to internal friction between the 
molecules. The dynamic losses are caused by changes in the direction or 
in the velocity of air flow, such as caused by changes in size and shape of 
the cross-section of the duct, bends (elbows) and to obstructions to flow 
offered by dampers. 

FRICTION LOSSES 

Pressure drop in a straight duct is caused by surface friction and this 
friction loss is most readily calculated by means of the Air Friction Chart 
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FRICTION LOSS IN INCHES OF WATER PER 100 FT 

Fig. 1. Friction op Air in Straight Ducts 

(Based on Standard Air of 0.076 lb per ou ft density flowing through average, clean, round, galvanised metal 
ducts having approximately 40 joints per 100 ft.) No safety factor included. Caution: Do not extrapolate 
below chart. 


which was developed by the A.S.H.V.E. Research Laboratory*. The range 
of the chart has recently been modified to include smaller air capacities and 
duct dzes, and the upper limit of air capacity has been somewhat reduced. 
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The chart, Fig. 1, is constructed from the bamc flow equation for the 
pressure loss in circular ducts (see Chapter 4) : 

I V* 


where 

hi a head loss due to friction, in feet of fluid flowing. 

{ B length of conduit, feet. 

D B inside diameter of conduit, feet. 

V B fluid velocity, feet per second. 

g B acceleration due to gravity, 32.17 fps per second. 

/ B a non-dimensional friction coeflicient, which for ventilation work depends 
upon Reynolds Number and the relative roughness of the conduit. Appro- 
priate values of / were taken from the work of Moody.* See Chapter 4, Fig. 
4, Relation Between Friction Factor and Reynolds Number. 

The air friction chart is based on standard air’ with a density of 0.075 
lb per cubic foot, flowing through average, clean, round, galvanized metal 
ducts having approximately 40 joints per 100 ft. Fig. 1 should not be used 
to obtain values below the chart by extrapolation because critical flow 
would occur in this region and values so obtained would be unreliable. 
For the average application, it should prove sufficiently accurate, without 
corrections, for any air temperature from 50 F to 90 F, for any relative 
humidity, and for any normal variation in barometric pressure. For 
widely varying air pressures or temperatures, or for unusual duct condi- 
tions, the friction values obtained from the chart should be corrected.^ 

For ordinary ventilating work, friction may be assumed to vary directly 
as the density without serious error, and therefore 


where 

ho B friction loss under actual operating conditions, any consistent units 
ho B friction loss under standard conditions, any consistent units 
Po density of air under actual operating conditions, any consistent units 
pg B density of air under standard conditions, any consistent units. 

For ducts of other than standard sheet metal construction, correction 
factors may be obtained from Fig. 2’. The correction factors shown in 
Fig. 2 were computed for the values of e, the roughness in feet, shown in 
Table 1^. The correct friction loss for such ducts may then be determined 
by multiplying the losses obtained from Fig. 1 by these factors. 

Examples 1 and 2 illustrate the use of Fig. 1 to determine friction loss 
and the use of Fig. 2 to apply a correction for roughness. 

Example I . Assume that it is desired to circulate 10,000 cfm of air through 75 ft of 
24 in. diameter galvanized duct. Find 10,000 cfm on the left scale of Fig. 1 and move 
horizontally right to the diagonal line marked 24 in. The other intersecting diagonal 
shows that the velocity in the pipe is 3200 fpm. Directly below the intersection it is 
found that the friction per 100 ft is 0.50 in.; then for 75 ft the friction will be 0.75 X 
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VEtOCITV - FT PER MIN. 


Fia. 2. CoBBECTioK Factors for Pipe Roughness 

To oorroot for pipe roughnees multiply friction loea obtained from Fig. 1 by correction factor obtained from 
Fig. 2. 


0.60 « 0.38 in. In a like manner any two variables may be determined by the intersec- 
tion of the lines representing the other two variables. 

Example 2. If the duct in Example 1 is very rough, instead of galvanized, with 40 
joints per 100 ft, find the total friction. 

On Fig. 2 find (by interpolation between 12 in. and 40 in. pipe) the intersection 
of the 24 in. very rough pipe line and the 3200 fpm velocity ordinate and at the left 
margin read a correction factor of 2. The friction loss in the rough duct is therefore 
2 X 0.38 * 0.76 in. 


Table 1. Values of Roughness c for Different Pipes* 



Dbgrbb 

OF 

Roughness 


Very smooth 
Medium smooth 
Average 
Medium rough 
Very rough 


Roughness 
IN Feet 


0.0000015 

0.00015 
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CIRCULAR EQUIVALENTS OF RECTANGULAR DUCTS 

An air handling system is usualiy sized first for round ducts and, if 
rectangular ducts are desired, their sizes are selected to provide air carry- 
ing capacities equivalent to those of the round ducts originrdly selected. 

A recent comprehensive study of thd A.S.H.y.E. Research Laboratory 
proved that for most practical purposes rectangular ducts of aspect ratios 
not exceeding 8:1 will have the same static friction pressure loss for equal 
lengths and mean velocities of fiow as a circular duct of the same hydraulic 
diameter. When duct sizes are expressed in terms of hydraulic diameter 
and when equations for friction loss in round and rect an gular ducts are 
equated for equal capacity and equal length, an equation giving the circu- 
lar equivalent of a rectangular duct is obtained^ (Equation 3). 

D, - 1.30 , (3) 


where 

a — length of one side of rectangular duct, feet or inches. (Other side is b.) 
b length of one side of rectangular duct, feet or inches. (Other side is a.) 

Dt ~ circular equivalent of a rectangular duct for equal friction and capacity, 
inches. 

Table 2. gives the circular equivalents of rectangular ducts for equal 
friction and capacity for aspect ratios not greater than 11.7:1 based on 
Equation 3*. 

Multiplying or dividing the length of each side of a round duct by a 
constant is the same as multiplying or dividing the equivalent round size 
by the same constant. Thus, if the circular equivalent of an 80 x 24 in. 
duct is required, it will be twice that of 40 x 12 in. duct, or 2 x 23.0 = 
46.0 in. 


Table 2. Circular Equivalents or Rectangular Ducts for Equal Friction 

AND Capacitt 
Dimensions in Inches 


Bide 

Rbctan- 4.0 

GULAR Duct 

4.6 

6.0 

6.6 

6.0 

6J» 

7.0 

7.6 

8.0 

8JS 

0.0 

0.6 

10.0 

3.0 

3.8 

4.0 

4.2 

4.4 

4.6 

4.8 

4.9 

5.1 

5.2 

5.4 

5.5 

5.6 

5.7 

3.5 

4.1 

4.3 

4.6 

4.8 

5.0 

5.2 

5.3 

5.5 

5.7 

5.8 

6.0 

6.1 

6.3 

4.0 

4.4 

4.6 

4.9 

5.1 

5.3 

5.5 

5.7 

5.9 

6.1 

6.3 

6.4 

6.6 

6.8 

4.5 

4.6 

4.9 

5.2 

5.4 

5.6 

5.9 

6.1 

6.3 

6.5 

6.7 

6.9 

7.0 

7.2 

5.0 

4.9 

5.2 

5.5 

5.7 

6.0 

6.2 

6.4 

6.7 

6.9 

7.1 

7.3 

7.4 

7.6 

5.5 

5.1 

5.4 

5.7 

6.0 

6.3 

6.5 

6.8 

7.0 

7.2 

7.4 

7.6 

7.8 

8.0 


Side 
Rectan- 
gular Duct 

10.0 

10.6 

11.0 

11.6 

12.0 

12.6 

18.0 

IZA 

14.0 

14.6 

16.0 

16J 

16.0 

3.0 

5.7 

5.9 

in 

6.1 

6.2 

6.3 

6.4 

6.5 

6.6 

6.7 

6.8 

6.9 

7.0 

3.5 

6.3 

6.4 

6.5 

6.7 

6.8 

6.9 

7.0 

7.1 

7.2 

7.3 

7.4 

7.5 

7.6 

4.0 

6.8 

6.9 

7.1 

7.2 

7.3 

7.5 

7.6 

7.7 

7.8 

7.9 

8.1 

8.2 

8.3 

4.5 

7.2 

7.4 

7.5 

7.7 

7.8 

8.0 

8.1 

8.2 

8.4 

8.5 

8.6 

8.7 

8.9 

5.0 

7.6 

7.8 

8.0 

8.1 

8.3 

8.4 

8.6 

8.7 

8.9 

9.0 

9.1 

9.3 

9.4 

5.5 


8.2 

8.4 j 

8.6 

8.7 

8.8 

9.0 

9.2 

9.4 

9.5 

9.6 

9.8 

9.8 
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AMO Cafaoitt (Contimubd) 

Dimenaiont in Inehea 
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area actually occupied by the air flow, for convenience they are divided 
into two general classes — ^those caused by (Mnges in direction of the duct 
and those caused by changes in cross-sectional area of the duct. Conduit 
transitions are representative of changes in cross-sectional area and bends 
(elbows) are representative of changes in direction of the duct. 

Shock losses vary substantially as the square of the velocity of the air 
flow and are therefore conveniently expressed as a fraction of the velocity 
head. 

(4) 

2g 

where 

hr — the total shock pressure loss, inches of water. 

V velocity of air, feet per second. 



0.01 0C2 0.03 0.04 0.06 008 0.1 02 03 04 0.6 03 10 20 30 


VELOCITY HEAD, INCHES OF WATER 

Fia. 3. Relation Between Velocity and Velocity Head for Standard Air 



of water. 


e — an empirical factor based on experiments and termed shock factor or loss 
coefficient. 

It can be seen from Equation 4 that the shock factor is independent of 
both density and the unit used and that it represents the number of velocity 
heads lost at the conduit transition or bend. Values of the shock factor 
for various duct elements are sometimes tabulated*-^. It should be kept 
in mind, however, that absolutely reliable shock factors have not yet been 
fully established for all duct elements and that difliculties have been en- 
counter^ in correlating experimental data of different investigators. A 
comprehensive study of the loss factors of duct elements is being conducted 
by the A.S.H.V.E. Research Laboratory for the purpose of obtaining 
exact data. 

For standard air Equation 4 clumges to : 



( 6 ) 


Air Duct DMiga 
where 
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Hy total shock pressure loss, inches of water. 

Vm •• velocity of air stream, feet per minute. 

C •• an experimentally determined constant (shock loss coefficient) 

Fig. 3 which shows diagrammatically th^relation of velocity pressure to 
velocity for standard air (Fm = 4005 VHv) can be conveniently used to 
find the total shock pressure loss for any duct element with known shock 
loss coefficient C. 

Shock losses are independent of the roughness of the duct walls and 
therefore cannot be computed correctly as friction losses. It is nevertW 



Fio. 4. Loss OF Pbbssure in Elbows 


less customary to express the dynamic and friction losses in duct sections 
or elements in equivalent length of duct in feet or in diameters to facilitate 
their computation as friction losses. Formulas have been developed for 
expressing these relations*. 

PRESSURE LOSSES IN ELBOWS 

It is customary to express the dynamic and friction losses in elbows as 
equal to a number of diameters of round pipe, or a number of widths of 
rectangular pipe, or equivalent length of duct*. The curves in Fig. 4 give 
the number of diameters or widths of pipe which have a friction^ resistance 
equivalent to the pressure drop in the elbows. Curves B and C are based 
on tests of round and square elbows*** of ordinary good sheet metal con- 
struction. 

Values obtained from Curve A should be used when there is any doubt 
as to quality of duct construction. It is suggested that this curve be used 
for rectangular elbows and five-piece elbows as it will thus allow an addi- 
tional factor of safety without seriously affecting the design. 

As indicated in Fig. 4, long radius elbows will offer much less resistance 
to the flow of air than short radius elbows. Experience has shown that 
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pod results may be expected when the radius to the center of the elbow 
is 1.5 times the pipe diameter or duct width parallel to the radius. Exami- 
nation of Fig. 4 wm indicate that little advantage is to be gained by select- 
ing dbows having a centerline radius of more than two diameters*^ Elbows 
having a radius of more than three diameters ^ow a slightly increased 
resistance due to the increased length of pipe but, when u^, they reduce 
the over-all resistance of the system and therefore should not be avoided. 


Tabu 3. Eivect or Vanes on Pbbssubb Lobs or 7-iNca Squabe Ventilatino 

Duet* 



* For more complete data see A.8.H.Y.E. Rssxabch Report No. 121&— Effect of Vanee in Reducing 
neeeure Lou in Elbows in 7-Inch l^uare Ventilating Duct, by M. C. Stuart, C. F. Warner and W. C. Roberts 
(A.8.H.VR. Tbambactions, Vol. 48, 1942, p. 409). 

Note A: Vane A made up of a large number of small splitters; B made up of a small number of large split- 
ten bent on a large radius, C hoUow vanu having different outside and insiae curvature; and D four splitters 
with R/W » 0.4. Elbow same as D except 2 in. trailing edge on the end of each splitter, ELD in feet * 17.0. 


Where space conditions necesatate the use of short radius or miter 
dibows in square or rectangular duct work, turning vanes should be used 
to reduce the pressure losses. Rough or raw edges on the vanes should be 
avoided to prevent objectionable noise. Table 3 shows tsrpical types of 
' vanes and ^ves the resistance, expressed in equivalent lenph of straight 
pipe, for a 7-in. x 7-in. elbow of each type. 

The pressure loss through elbows of less than 90 deg may be assumed to 
be directly proportional to the ratio of the angle through which the turn 
is made. The redstance will vary widely for the lar^ degree turns depend- 
ing upon the aspect ratio and the length of straight pipe between the elbows 
but, for practical purposes, it may be assumed that the ratio remains 
proportional to the an^e through which the turn is made. Reverse 90 deg 
elbow turns diould 1» avoided wherever possible but, where used, the 
friction indicated in Fig. 4 diiould be doubled for the second elbow. Addi- 
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tioual tests are needed on the loss of pressure in elbows and other tSl^s ot 
duct fittings in order to reconcile the differraice between values sbown in 
Fig. 4 and results of more recent tests ^own in Table 3. A study of this 
subject is in progress at the A.S.H.y.E. Research Laboratory for the 
purpose of obtaining such data. 

LOSSES DUE TO AREA CHANGES 

Area changes in ducts are generally unavoidable, necessitated fre- 
quently by the building construction or due to changes in the volume of 
air carried. Experimental investigations'^'^* of pressure changes and pres- 
sure losses at changes of the area of cross-section of duct indicate that the 
excess pressure loss over the normal friction loss is a diock loss due to a 
faster stream expanding into a slower stream as determined by the actual 
areas occupied by the flow rather than the areas of the duct. No per- 
ceptible shock loss is due to the converging of the air stream itself where 



FlO. 6. AiB F1.OW AT AbBUFT EnLABOBUENT OB CONTBACTION OF AlB StBBAU 

the flow is contracted, but the converging of the air stream causes the flow 
to contract beyond the edge of the constriction, forming a vena contracta 
in which the area of cross-section of the air stream is the minimum imme- 
diately following the edge of the constriction. For contraction, therefore, 
the shock loss is caused by expansion from the vena contracta to the full 
area following the contraction. Enlargement in area may be considered 
as a special condition of general expandon following contraction. Fig. 5 
illustrates (a) abrupt enlargement and (b) abrupt contraction. 

For a sudden symmetrical enlargement a theoretical expresfflon for the 
loss is: 


or, for standard air: 

H, 


where 



( 6 ) 

(7) 


h, - pressure loss due to sudden enlargement, inches of water. 

Ht — pressure loss due to sudden enlargement, based on standard air, inches 
of water. 

Fi » velocity in the smaller duet, in feet per min. 

Vt — velocity in the larger duct, in feet per min. 

At area of the smaller duct. 

At area of the larger duct. 
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I The loss, for a sudden symmetrical contraction, h, can similarly be ex- 
pressed as 


‘•-(‘- 0(0 


( 8 ) 


where 

!>( — the velocity at the vena oontracta, feet per minute 
A[ — the area of the vena contracta 

A' 

Introduction of the amtraction coefficient coefficient 

c = — 1^ in Equation (8) gives (with A[ X o( = Aj X »*): 

ho » c ; 

or for standard air: 


where 


2fir 

(9) 

{--V 

\4005/ 

(10) 


Vt ■■ velocity in the smaller duct, in feet per min. 
Values for C and a are given in following table: 


Duct Elbsikht 

a 

C 

Sharp corner 

0.61 to 0.64 

0.41 to 0.314 

Broken corner 

0.68 to 0.8 

0.221 to 0.0625 

Corner with small radius 

0.9 

0.0125 

Corner with large radius 

0.99 

0.0001 


Values of a for sharp comers for increasing ratios of Aj/Ai are given in 
the following table : 


At/Ax 0.01 0.1 0.2 0.4 0.6 0.8 1.00 

a 0.6 0.61 0.62 0.65 0.7 0.77 1.00 


For discharge to atmosphere from a pipe, C == 1.0 in Equation 10, 
whereas for dischar^ to atmosphere from an opening in a pipe or wall 
surface, it is approximately 2.5; 



Conditions of expansion and contraction, in addition to abmpt expansion 
and abrapt contraction, include abrupt contraction follows by either 
abrupt or gradual expansion, and gradual contraction followed by either 
abrupt or gradual expansion. Pressure losses for various duct conditions 
have been determined experimentally, although the available information 
is generally restricted to symmetricid area changes.^^-^-'* 
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PRESSURE CHANGES 

The fundamental energy equation for standard air flow in a horizontal 
duct can be written*® 


where 



h,+ 



+ Lobs of Pressure (head) 


( 11 ) 


hi and ht — the static pressure (head) at two given points (1) and (2), inches 
of water. 



the velocity pressure (head) at the same points, inches 
of water. 


Equation 11 states that the mechanical energy at a given point (1) must 
be equal to the mechanical energy at another point (2), plus any dissipa- 
tion of mechanical energy to internal energy (loss of pressure). Equa- 
tion 11 is only valid, if no work is done by or upon the air between the 
sections (1) and (2) and if there is no heat transfer to or from the air. 

In Equation 11, A is a measure of the potential energy and f a 

measure of the kinetic energy or energy of motion. The sum of static 
pressure and velocity pressure is called total (dynamic, impact) pressure 
and is a measure of the total energy. 

Static pressure and velocity pressure are mutually convertible, that is 
to say, static pressure may be transformed into velocity pressure, and 
vice versa. Evety change in the cross-sectional area of a duct results 
in such a conversion of energy which is always accompanied by some loss 
in efliciency, or loss in total pressure. 

In the final analysis of pressure losses in ducts, shock losses are therefore 
due to accelerations and decelerations of the air stream as a whole. In a 
converging duct, the air velocity will be accelerated; some pressure head 
will be convert^ into velocity pressure. This conversion is generally a 
stable and efficient process; the energy losses are small, and there is no 
eddy formation. 

In an expanding duct section on the other hand, the air will be decel- 
erated and an opposing pressure gradient is required to reduce the velocity. 
If the angle of diver^nce is appreciable, the flow becomes unstable, there 
is danger of separation of the flow from the duct wall and large energy 
losses and eddy formation are possible.*' 

In order to keep losses in an expanding duct section to a minimum and 
to convert the velocity pressure efficiently into static pressure, the angle of 
divergence should be kept small.** Theoretically, it mi^t seem possible 
to increase the duct area so gradually that the r^uction in velocity and 
accompan}ring loss of velocity pressure would occm reversibly and thus 
permit 100 per cent conversion to static pressure. Such an ideal applica- 
tion of the principle of static regain in duct design is, of course, impossible 
for various reasons*® such as: the necessity of using sections of uniform 
diameter because of cost, the need for using ducts of dimensions varying 
in full inches, the changing of duct sizes mai^y at branch connections, and 
the inevitable loss due to turbulence. The {principle of static pressure 
regain is, however, of importance in the economical design of duct interns. 

Fig. 6 shows the application of static pressure regain to a ample fan and 
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discharge duct.^’ The fan in the upper part of ^e figure has a free inlet 
and discharges air throu^ a strai^t duct, the diameter of which is equal 
to the fan outlet. The total pressure which must be provided by the fan 
is therefore the sum of the pressure that is necessary to overcome the fric- 
tion in the duct (no shock pressure loss), plus the velocity pressure which 
in this case is the same at any location dong the length of the duct. 

In arrangement B in the lower part of Fig. 6 a diverging section with 
after section has been added to* the straight duct. The velocity in the 
diverging section is therefore decreased and velocity pressure converted 


Arrangement A 



^Atmospheric Pressure 
Arrangement B 


Veioc/tu Pressure 
of the Air Leaving 
the Sgstem. 



T 


After 

Section 


7 ^ 

Sxpanaiing Section 


k-tfOecrease in Totai Pressure 
I ^ Due to Static Pressure Regain 


Vetocitg Pressure 
of the ^ir Leaving 



Static Pressure Re- 
gain in Expanding 
Section. 

Fig. 6. Application or Static Pbessure Regain to a Simple Fan 
AND Discharge Duct 


into static pressure before the air is released to the atmosphere. It can 
be seen &at in case B, the total pressure at the fan outlet is less than in 
case A ; and thus a saving in horsepower can be effected. 

The regain in static pressure K in an abruptly expanded section is the 
difference in the velocity pressures of the smdl and the large duct, minus 
the ^ock pressure loss (Equation 6) : 


fh - 


£i _ iil „ RiLZLi!^*! 

2g 2g\ I 2g \ 


( 12 ) 


or amplified 


where 


VlVt — v\ P2(P| — p») 


(13) 


hr regain in static pressure, feet of fluid flowing. 

1 and St ■■ mean velocities in smaller and larger duct sections respectively, 
feet per second. 
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The static pressure regain in a graduaUy expanding transition followed 
by an after section may be expres^ as: 


. r «'* »ii r c(»i - »*)’i 

2»J ‘L ^ J . 

(14) 

^ oj - - c(»i - via* 

(16) 

^ A 

2^ 


Curves have been developed showing the static pressure regain and the 
theoretical efficiency of conversion in abrupt expansion and in diverging 
sections in smooth circular ducts.^’*^^ 


DUCT DESIGN 

The discussion of duct desi^ in this chapter refers to ducts in fan sys- 
tems for central heating, ventilating and air conditioning qrstems. Addi- 
tional data for heating ducts used in residences are to be found in Chapter 21 
(Gravity Warm Air Systems) and Chapter 22 (Mechanical Warm Air 
Systems). The design of ducts in industrial exhaust systems is discussed 
in Chapter 46. 

The following general rules should be followed in the design of a duct 
Etystem: 

1. The air should be conveyed as directly as possible at the permissible velocities 
to obtain the desired results with greatest economy of power, material and space. 

2. Sharp elbows and bends should be avoided. Carefully designed splitters and 
turning vanes should be used to reduce the elbow or outlet pressure loss. (See sec- 
tion Pressure Loss in Elbows). 

3. Diverging transformation pieces should be made as long as practicable. As 
shown in the section on area changes, losses in sudden enlargements are high and 
abrupt enlargements should be avoided. The included angle of divergence for 
enlargements should not exceed 20 deg. Losses in contractions are low, but the in- 
cluded angle of divergence should not be larger than 60 deg. 

4. Special care should be taken to avoid restriction of flow in elbows or trans- 
formation pieces. 

6. Rectangular ducts should be made as nearly square as possible. Good practice 
I imits the ratio between the long side and the short side 3 to 1 . In no case should this 
ratio exceed 10 to 1. 

6. Ducts should be constructed of smooth material, such as steel or aluminum 
sheet metal. For ducts made from other materials, for example masonry, proper 
allowance for the surface friction coefficient should be made. 

Procedure for Duct Design 

The general procedure for designing a duct system is outlined in the 
several items listed herewith: 

1. Study the plan of the building and draw in roughly the most convenient system 
of ducts, taking cognizance of the building construction, avoiding all obstructions 
in steel work and equipment, and at the same time maintaining a simple design. 

2. Arrange the positions of duct outlets to insure the proper distribution of air. 

3. Divide the building into zones and proportion the volume of air necessary for 
each zone. 

4. Determine the size of each outlet, based on the volume as obtained in the pre- 
ceding paragraph, for the proper outlet velocity and throw. In case of some ceiling 
diffusers, determine size of outlet for proper throat velocity and radius of diffusion. 

5. Calculate the sizes of all main and branch ducts by one of the three methods of 
sizing air supply systems in common use, the velocity reduction method, the equal 
frictmn method or the static regain method. 
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6. Calculate the loaaea for the duct offering the greatest resistance to the flow of 
air, using the A.S^.V.E. Friction Chart, Fig. 1, and the other data given in this 
chapter. 

Recommended Design Velocities 

The air velocities given in Table 4 have been found to give satisfactory 
results in engineering practice. Where the higher velocities are used, 
the ducts should be cross-braced to prevent breathing, buckling or vibra- 
tion, and should be constructed of heavier gage metal. At the higher 
vdocities it is particularly important to design the ducts for minimum 
redstance. As high velocities at one point offset the effect of proper design 
in all other parts of the system, emphasis should be placed on the impor- 
tance of air velocities, elbow design, location of dampers, fan connections, 
grille and register approach connections, and similar details. For industrial 


Tabus 4. Recomuended and Maximum Duct Velocitieb 


DSBIONATION 

RsCOmiBNDBD VELOaTIBB. FPM 

Maximum Vblocitibb, fpm 

Residenow 

Schools, 

Theaters, 

Public 

Buildings 

Industrial 

Buildings 

RcBidences 

Schools, 

Theaters, 

Public 

Buildings 

Industrial 

Buildings 

Outside Air Intakes* 

700 

800 

1000 

800 

900 

1200 

Filters* 

250 

300 

350 

300 

350 

350 

Heating Coils* 

450 

500 

600 

500 

600 

700 

Air Washers 

500 

500 

500 

500 

500 

500 

Suction Connections 

700 

800 

1000 

900 

1000 

1400 

Fan Outlets 

1000-1600 

1300-2000 

1600-2400 

1700 

1500-2200 

1700-2800 

Main Ducts 

700-900 

1000-1300 

1200-1800 

800-1200 

1100-1600 

1300-2200 

Branch Ducts 

600 

600-900 

800-1000 

700-1000 

800-1300 

1000-1800 

Branch Risers 

500 

600-700 

800 

650-800 

800-1200 

1000-1600 


* Thaw veloeitieB are for total face area, not the net free area. 


buildings, noise is seldom given much condderation, and main duct veloci- 
ties as mgh as 2800 or 3000 fpm are sometimes used, but when these veloci- 
ties are used due consideration should be given to duct dedgn, resistance 
pressure, fan efficiencies and motor horsepower. For department stores 
and similar buildings, 2000 to 2200 fpm are sometimes used in main ducts 
where noise is not objectionable and space conditions warrant it. 

Where high velocity diffusing outlets are used, the duct velocity should 
be, if posdUe, equal or somewhat lower than the throat (neck) velocity of 
the diffuser, in order to utilize the effect of higher static pressure in the duct 
for equalization of air discharge. 

The velocities in main ducts, and particularly in branch ducts and branch 
risers should be correlated to the throat (neck) velocity of the air outlets 
and manufacturers data should be consult^ for permissible throat velocity 
for the particular type of application. 

If it is necessary to use a duct velocity that is twice the velocity for an 
outlet mounted on the side of the duct, a collar with directing vanes should 
be used to straighten the flow of mr from the outlet. Sometimes it is 
dei^ble to mount the outlet flush with the ade of the duct in which case 
the duct velocity should be kept below twice that of the outlet velocity, 
and even then an outlet larger than normally required should be used, as 
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the eotire outlet ana will not bd effective. Manufacturer’s selection tables 
base siang of oiitlMs on required volume of air, temperature (M^ntial, 
and distance of tht'ow or radius of diffusion. In following their recom- 
mradatioBB, maxima should be avoided. See Chapter 40 for a discussion 
ci air outlets. « 

DESIGN METHODS 

The design of the air transmission system is generally the last step in 
the dee^ of the heating, ventilating or air conditioning system, but it 
should always be kept in mind that the type of air transmission used will, 
to some extent, depend on the type of equipment used as well as on ^e 
purpose of the system. Zoning and zone control and other factors and 
their influence on the transmission and air distribution system are briefly 
discussed in Chapter 43 (Central Systems for Air Conditioning). 

The methods used for the design of duct sjrstems reflect, to some degree, 
certain developments in the arts of heating, ventilating and air conditioning 
and it took a long time before empirical methods gave way to more refined 
and scientific calculations. Some engineers prefer speed and simplicity to 
scientific exactness, but experience is then needed and proper judgment 
must be exerted to prevent mistakes. Both the Velocity Redaction Method 
and the EqiM Friction Method take no account of the static regain resulting 
from the difference between the velocity of fan discharge and velocities 
of pipe discharge, and are therefore, to some degree, approximate methods. 
However, they are more easily applied than the static regain method which 
is based on scientific reasoning but is subject to an assumption regarding 
the efficiency of conversion from kinetic energy to static regain. This 
efficiency for ordinary expansion sections is usually taken as 50 per cent. 

1. Velocity Reduction Method 

When this method is used, arbitraty^ velocities for the various sections 
of the ducts are selected, with the highest velocity at the fan outlet and 
lower velocities down the run as various branch ducts are taken off the main 
duct. As the quantities of air that are to be delivered through each section 
of the duct are known, the area of each duct section can be easily deter- 
mined by using the formula : 


A - 


_0 

F. 


( 16 ) 


where 

A » duct area in square feet. 

Q air quantity in cubic feet per minute. 

Vm ~ air velocity in feet per minute. 

To find the total static pressure against which the fan must operate the 
static pressure loss of each section is calculated separately and the total 
loss found by adding the individual losses of the sections of the duct which 
has the highest resistance. This may be the duct with the longest run, 
but not necessarily so. 

The velocity method has the advantage that the duct area can be deter- 
mined very easily. It should be used only for simple layouts. The air 
velocities given earlier in this chapter are helpful in choosing proper 
vdocities. Balancing is obtained by use of dampers. 
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Fio. 7. DtTCT Latoot vob Exampia 1 


Example 8. (Velocity Reduction Method). A duct layout is shown in Fig. 7. 
The fan delivers 8000 cfm. Four outlets deliver 2000 cfm each! Find duct dimen- 
sions and total pressure loss. 

SoltUion. Select velocity for Section A (1600 fpm) and reduce velocity arbitrarily 
along run. Find duct areas by using Equation 10. For selection of circular 
equivalents of rectanralar ducts refer to Table 2 and for determination of friction 
loss in duct refer to Mg. 1 (See Example 1). Results are tabulated in Table 5. 

2. Equal Fiictioa Method 

When the equal friction method of design is used, the duct aystem is 
designed for equal friction per foot of lengUi. This prevents one section 
of the duct from having an excessive resistance compared wi^ another. 
The usual procedure in this method is to select the main duct velocity to 
be consistent with good practice from a standpoint of noise for a particular 
type of building. This velocity should be less than the fan outlet velocity. 
All ducts are then sized for equal friction per unit length by the use Mg. 1 
and Table 2. The equal friction method has the advantage of automati- 
cally reducing the velocities in the various sections of the ^tem and also 
of allowing a quick check of the total duct resistance. 

In cases wh^ the fan or factory assembled air conditioning unit can 
operate against only a limited external resistance, it is necessary to divide 
the permissible total resistance by the total equivalent length of the longest 
or most complicated run of duct to determine the design resistance per 
100 ft and then to size all ducts at this resistance value. This will auto- 
matically determine the duct velocities and give the desired totrd duct 
reristance. A further refinement, which is sometimes used in large systems, 
is to size each branch duct so that it has a resistance equal to the resistance 
of the main system at the point of juncture. Even when this refinmnent is 
added, regulating dampers are recotrunended in each branch. 

Example 4. Equal Friction Method. A duct layout is shown in Fig. 8. The fan 
delivers 2500 cfm. Outlets No. 1 and 2 deliver 750 cfm each and outlet No. 3 delivers 
1000 cfm. Trunk velocity is assumed as 1500 fpm; the area will be 1.67 sq ft; (240 
sq in.) ; and the size will be 20 x 12 in. Determine sizes of ducts for sections B, C, D 
and E and find the total pressure loss. 

Solution. The equivalent round diameter of a 20 x 12 in., rectangular duct is 16.8 
in. (fromTsble2). Referring to Friction Chart, Fig. 1, avolumeof 2500 cfm through 
a 16.8 in. duct gives a resistance of 0.2 in. per 100 ft. The amount of air to be handled 
by each section is known and the corresponding round duct sizes with equal pressure 
drop for these values can be located on the 0.2 in. friction line. The equivalent rect- 
angular duct sizes are then selected from Table 2. 

Results are tabulated in Table 6. 
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Tablb 5. Tabulation or Rbbulib (Example 8) 


SacnoN 

Aib 

VOLUMB 

ofm 

Vblogitt 

fpm 

Abba 

sq.ft. 

Abba 

aq. in.a 

Duct Sub 

in. 

Diam. 

in. 

Fbzct.bbb 
100 rr. 

in.H^ 

Fbut. 

Lobs 

in.H/) 

A 


2200 

3.64 

524 

26x20 

24.8 

.25 

■IlM 

B 

6000 

2000 

3.00 

432 

22x20 

22.9 

.23 


C 

4000 

1800 

2.22 

320 

20x 16 

19.5 

.24 


D 

2000 

1600 

1.25 

180 

12x16 

15.1 

.24 

1 0.05 


Total resistance, 0.25 


The total pressure loss in the longest run is the friction loss in Sections (A + C 
+ E) , plus the shock loss in one elbow and the loss through the outlet (3) . The pres- 
sure loss in the elbow will be assumed as 12W (Fig. 4), the equivalent length of duct 
is then 10 ft and the design loss will be 0.02 in. 

Friction loss (A + C + E).. 0.12 (Duct length — 20 ft + 10 ft -f 15 ft + 15 ft) 


Shock loss elbow 0.02 

Loss through outlet 0.12 

Total pressure loss in 
duct =» 0.26 in. 


The pressure required at the beginning of the main run is therefore 0.26 in. The fan 
selected for the duct system must not only deliver the required volume of air against 
this loss, but also against the losses in all air conditioning apparatus such as washers 
or spray chambers, heating or cooling coils and filters. The static head required of 
the fan for the usual air conditioning installation is between 1 and 1.5 in. of water. 
About one-third of this represents losses in the duct system. The losses in the air 
conditioning apparatus can be obtained from manufacturers’ catalogs. 

Resizing of Ducts 

In order to equalize the pressure drop in the system the following addi- 
tional procedure is recommended. 

Assume R\, to be the total pressure loss through ducts (1), (2) and (3); 

rb, Te, rd, r, the friction losses in the straight sections of the system; rta, fde, the 
elbow losses, and ri, r 2 , ri the loss through the outlets then becomes 

*= r* + fb -|- 2rb« -f ri 

722 « r» H- To + rd + rd, + ri 
72i fa + To + r* -f r.. + U 
If Ri = Rt “ i2i =■ R 
Th + 2rb. « 72 - r. - fi 
rd + rd* « 72 — r* — r, — ri 

or with the values from Example 4: 

rb + 2rb. - 0.26 - 0.04 - 0.12 - 0.10 in. 

rd + rd. - 0.26 - 0.04 - 0.02 - 0.12 - 0.08 in. 


Table 6. Tabulation of Results (Example 4) 


Sbction 

Aib 

VOLUMB 

ofm 

Fbiction 

PBBlOOrr. 

In. 

Diam. 

in. 

Rbctab- 

OULAB 

Duct 

in. 

Vbloc- 

ITT 

fpm 

Fbictiom 

PBBlOOfT. 

in. 

Diam. 

in. 

Rbctan- 

OULAB 

Duct 

in. 

Vbloc- 

ITT 

fpm 

A 

2500 

■9 

16.8 

20x12 



17 

20x12 

1600 

B 

750 



10 X 9 



10 

10 X 8 

1850 

c 

1750 


14.8 

15x 12 


0.2 

14.5 

15x12 

1450 

D 

750 



10 X 9 



9.8 

10 X 8 

1850 

E 

1000 

0.2 

12 

10x12 


mu 

12 

10x12 

1300 
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The loss in the elbows can be assumed to be 12W or 10 ft, the friction loss of head 
per 100 equivalent ft is then 


for duct (1) 


0.10 

0.16 + 2 X 0.10 


0.286 in. 


for duct (2) 


0.08 

0.10 + 0.10 


0.4 in. 


Using Friction Chart Fig. 1, the duct diameter of Section B to carry 750 cfm with a 
loss of 0.286 in. per 100 ft is found as 10 in. and the duct diameter of Sectiop D to carry 
750 cfm with a loss of 0.4 in. per 103 ft is 9.8 in. Equivalent rectangular ducts are 
10 X 8 in., the velocity in both ducts is 1350 fpm. 

The actual loss in ducts (1) and (2) is: 


0.04 + 20 X ^ + 16 X + 0.12 - 0.26 
0.06 + 10 X ^ + 10 X ^ + 0.12 - 0.26 

For final survey of ducts selected see Table 6 (Tabulation of Results). 


3. Static Regain Method 

When this method is used/" the velocity is reduced at each branch or 
take-off so that the recovery in static pressure due to this reduction will 
offset the friction in the succeeding section. This method is based on the 
convertibility of static pressure and velocity pressure as discussed ineection 
Pressure Changes. If no loss from friction or shock occurred, the change 
in velocity he^ would be completely converted into a regain in static 
pressure, that is to say for standard air : 



where 


V\ — initial velocity, fpm 

Vt “ velocity after reduction, fpm 

K ■> theoretical head recovered (static regain) 

Under ideal conditions, 0.7 to 0.8 of the velocity head is actually re- 
covered, but for practical design an average recovery of 0.5 is assumed. 
The actual velocity head recovered becomes then 


(18) 

Charts based upon Equation 18 and designed to facilitate selection of duct 
sizes by the static regain method are found in Reference 20. See also 
chart included in Reference 18. 

DUCT CONSTRUCTION DETAILS 

Straight sections of round duct are usually formed by rolling the sheets 
to the proper radius and grooving the longitudinal seam, j^ctangular 
ducts are generally constructed by breaking the comers and grooving the 
longitudind seam, although some fabricators still use the standing seam 
due to lack of equipment. Elbows and transformation sections are gener- 
ally formed with PMburgh comer seams because this seam is easier to 
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lock in place than the double seam, but complicated fittings such as doable 
compounded elbows are usually constructed with double seam comers. 
The constmction of these various seams as well as the types of girth con- 
nections are shown in Fig. 9. The application of the various dips and 
connections is outlined in Table 7. The end slip nu^ be used wherever 
S slips are recommended. Where drive slips are used the end dip may be 
applied on the narrow side of the duct and the drive slips on only the 
maximum dde. Ducts 25 to 30 in. in dze should be reimorced between 

Table 7. Recommended Sheet Metal Gages fob Rectanoulab Duct 

CONSTBDCTION* 


U.&Std. 

Gagb 

Maxoiiiii Sidb. 
iNCBBt 

Typb of 

Tbansvbksb Joint Connbctxonsd 

Bbacxng 

26 

Up to 12 

S, Drive, Pocket or Bar Slips, on 

7 ft 10 in. centers 

None 

24 

13 to 24 

S, Drive. Pocket or Bar Slips, on 

7 ft 10 in. centers 

None 

25 to 30 

S, Drive, 1 in. Pocket or 1 in. Bar 
Slips, on 7 ft 10 in. centers^ 

1 X 1 X ^ in. angles 

4 ft from joint 

22 

81 to 40 

Drive, 1 in. Pocket or 1 in. Bar 
Slips, on 7 ft. 10 in. centers^ 

1 X 1 X H in. angles 

4 ft from joint 

41 to 60 

lyi in. Angle Connections, or 
in. Pocket or IH in. Bar Slips 
with 1^ in. X in. bar rein- 

forcing on 7 ft 10 in. centers^ 

IH X IH X H in. angles 
4 ft from joint 

20 

■ 

lyi in. Angle Connections, or IH 
in. Pocket or in. Bar Slips 

8 ft 0 in. maximum centers with 
1^ X H in. bar reinforcing 

lyixiyixH’m. 
diagonal angles, or 

IHx X H in. angles 

2 ft from joint 

18 

91 and up 

2 in. Angle Connections or IH in. 
Pocket or in. Bar Slips 3 ft 

9 in. maximum centers with IH x 
yi in. bar reinforcing^^ 

ly^xiy^x Hin. 
diagonal angles, or 

1 H X 1 H X H in. angles 
2 ft from joint 


* For normal proasures and velocities (see Table 4) utilized in typical ventilating and air conditioning sys- 

tems. Where special rigidity or stiffness is required, ducts should 1 m constructed m metal two gages heavier. 
All uninsulated ducts 18 in. and larger should be cross- broken. Cross-breaking may be omitted on uninsulated 
ducts if two gages of heavier metal are used. « 

^ Other joint connections of equivalent mechanical strength and air tightness may be used. 

* Duct sections of 3 ft 0 in. may be used with bracing angles omitted, instead of 7 ft 10 in. lengths with 
joints indicated. 

^ Ducts 01 in. and larger require special field study for hanging and supporting methods. 

Note: Aluminum ducts, well supported, should be 2 (B & S) gages heavier than steel ducts. 

the joints, but not necessarily at the joint. Ducts 31 in. and up should be 
reinforced at the joint and between the joints; if drive slips are used the 
an^es are usually riveted to the duct about 2 in. from the slips. It is good 
practice to cross-break or kink all flat surfaces to prevent vibration or 
buckling due to the air flow and accompanying variations in internal 
pressure. Round ducts are sometimes swedgra 1.5 in. from the ends so 
that the larger end will butt against the swedge and are held in place with 
sheet metal screws. Where swedges are not ue^ it is general practice 
to paste the joint with asbestos paper to insure a tight joint. 

The construction of elbows and changes of shape cannot be definitely 
outlined because of the varied conditions encountered in the field, but in 
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general long radius dbows and gradual changes in dutpe tend to mmtain 
uniform velocities accompanied by decreased turbulence, lower retistance 
and a minimum of noise. 

Heavy canvas connections (asbestos doth if there is a fire hazud) are 
recommended on both the inlet and outlet to all fans. The fan discharge 


Gnoovtd 

mm 



End 

slip 





Reinfbrcid Mitt Angle 

bar slip slip connection 



Fen discharge connections 



Good Fair Poor 

Heater, filtar, and washer connections 



Fig. 9. Sheet Metal Duct and Abrangement Details 


connections shown in Fig. 9 are marked good, fair, and poor in the order 
of the amoimt of t^bulence produced. An inspection of the heater con> 
nections shown in Fig. 9 wfil readily show that tmiform velodty through 
the heater cannot be expected in the diagram noted poor. When obstruc- 
tions cannot be avoided, the duct area should never be decreased more 
than 10 per cent and then a streamlined collar should be used. Liarger 
obstructions require an increase in the duct size in order to maintain as 
nearly imifoim velocity as posnble. Branch take-offs should always be 
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Tablb 8. Weights of Sheet Metal Used fob Dtrcr CoNSTBUcnoN 



Black Sheets 

Galvanized Sheets* 

u . s . 









Std. 

Approximate 

Weight Per 

Approximate 

Weight Per 

Gags 

Thickness, In. 

Square Foot 

Thickness. In« 

Square Foot 


Steel 

Iron 

Ounces 

Pounds 

Steel 

Iron 

Ounces 

Pounds 


0.0123 

0.0125 

8 


0.0163 

0.0165 

10.5 

0.656 


0.0153 

0.0156 

10 

0.625 

0.0193 

0.0196 

12.5 



0.0184 

0.0188 

12 


0.0224 

0.0228 

14.5 



0.0245 

0.0250 

16 


0.0285 

0.0290 

18.5 

1.156 


0:0306 

0.0313 

20 

1.250 

0.0346 

0.0353 

22.5 

1.406 


0.0368 

0.0375 

24 


0.0408 

0.0415 

26.5 

1.656 


0.0490 

0.0500 

32 


0.0530 

0.0540 

34.5 

2.156 


0.0613 

0.0625 

40 


0.0653 

0.0665 

42.5 

2.656 


0.0766 

0.0781 


3.125 

0.0806 

0.0821 

52.5 

3.281 


0.1072 

0.1004 


4.375 

0.1112 

0.1134 

72.5 

4.531 


0.1225 

0.1250 

80 


0.1265 

0.1290 

82.5 

5.156 

10 

0.1370 

0.1406 

90 

5.625 

0.1419 

0.1446 

92.5 

5.781 


•Galvanized sheets are gaged before galvanizing and are therefore approximately 0.004 in. thicker. 


arranged to cut or slice into the air stream in order to reduce as far as 
posable the losses in velocity head. 

The recommended gages for sheet metal duct construction are ^ven in 
Table 7. Weights of sheet metal per square foot of surface for oifFerent 
gages are given in Table 8. The weights of various gages and the areas 
for any length of run of rectangular sheet metal ducts may also be deter- 
mined from Fig. 10. The bottom scale represents the sum of the two 
sides of the duct and the oblique lines give the length of run in feet. 
Proceeding horizontally to the right from the intersection of vertical and 
oblique lines on the chart, the area of the duct may be determined in the 
first vertical scale.** The scales to the right ^ve the weights of the duct 
run for different gages of metal. In calculating the weights of duct, it 
is conadered good practice to allow 20 per cent additional for weights of 
joints and bracings. Various wei^ts and thicknesses of standard copper 
sheets will be found in Table 9 and of 2 iS aluminum in Table 10. 

HEAT LOSSES FROM DUCTS 

In designing duct systems, the heat gains or losses of ducts should not 
be neglected. Heat gains in large duct systems can be quite considerable. 

Table 9. Weights and Thicknesses of Standard Copper Sheets* 


RoUed to Weight 


Weight per Square Foot 

Thickness, Inches 

Nearest Gage No. 

Ounces 

Pounds 

Decimal 

Equivalent 

Nearest 

Fraction 

B.&S. 

Stubs 

U. S. SlD. 

10 

0.625 

0.0135 

% 

27 

29 

29 

12 

0.750 

0.0162 

% 

26 


28 

14 

0.875 

0.0189 


25 


26 

16 


0.0216 

V6 

23 


25 

18 

1.125 

0.0243 

V6 

22 


24 

20 

1.250 

0.0270 


21 

22 

23 

24 


0.0324 

% 


21 

22 

28 

1.750 

0.0378 


19 

20 

20 

32 


0.0432 

% 

17 

19 

19 

36 

2.250 

0.0486 


16 

18 

18 

40 


0.0540 

% 

15 


17 

44 


0.0594 

Vis 

15 


17 

48 

3.000 

0.0648 

Vis 

14 


16 

56 


0.0756 

% 

13 


14 

64 


0.0864 

% 

11 

14 

13 


•Variations from these weights must be Ixpected in practice* 
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not only if the duct pasees throu^ unconditioned sp^, but also on loi^ 
duct runs within conditioned space. Proper insulation will remedy this 
situation considerably, but sometimes a redistribution of the supply air to 
the various supply outlets is necessary in order to compensate for the 
heating effect of the duct siurface. 



^ Upto 13io|3I«o MtoleiM 
30 48 60 up 


Fio. 10 . Area and Weight of Rectangular Sheet Metal Ducts 


The thermal transmittance U for ducts can be found as follows: 

1 


For uninsulated metal duct, U 


fi fo 


(19) 


For uninsulated non-metallic ducts, U 


1 


1 . ® . 1 


( 20 ) 




Air Dttct Desigii 

where 


sai 


U « overall coefficient of heat transfer, Btu per (hour) (square fool) (degree 
Fahrenheit). 

/i « surface conductance (inside) Btu^ per (hour) (square foot) (degree 
Fahrenheit). 

fo « surface conductance (outside) Btu per (hour) (square foot) (degree 
Fahrenheit). 

X B thickness, inches 

k B unit conductivity of material, Btu per (hour) (square foot) (degree Fah- 
renheit per inch thickness). 


Table 10. Weights and Thicknesses of 2 S Aluminum (Density 0.098 lb/cu in.) 


B. & S. Gaqe 

Thicknuu, Inchib 

Wught pib Souiii i foot 

Decimal 

Neareet Fraction 

Ounces 

Pounds 

28 

0.012 

1/64 

2.7 

.169 

26 

0.016 

1/64 

3.6 

.226 

24 

0.020 

1/64 

4.5 

.282 

22 

0.025 

1/32 

5.4 

.353 

20 

0.032 

1/32 

7.2 

.452 

18 

0.040 

3/64 

9.0 

.563 

16 

0.051 

3/64 

11.5 

.720 

14 

0.064 

1/16 

14.4 

.903 


Where x is small and k is large, however, this factor is of little impor- 
tance and may be neglected. 

Film conductance /i for air flowing in ducts apparently depends only on 
the velocity of the air and the diameter of the duct. A fairly reliable 
inside coefficient can be calculated from Schultz’s modified equation : 


^ 0 . 3271 * 


( 21 ) 


where 

7. ■> velocity of air in duct, feet per second. 

D > inside diameter of duct, feet. 

Film conductance /. depends on a number of variables including tem- 
perature, diameter, and emismvity of the outer surface and can be calcu- 
lated from data in Chapter 5. From this explanation, it is seen that it is 
unwise to recommend a given value of IJ for all uninsulated metal ducts. 

The heat loss from a given length of duct can be expressed by : 

0, - t/Pl j (22) 

where 

Qw « heat loss through duct walls, Btu per hour, 

P perimeter of duct, feet. 
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I « length of conduit, feet 

ti ■■ temperature of air entering duct, Fahrenheit degrees. 

•> temperature of air leaving duct, Fahrenheit degrees. 

U temperature of air surrounding duct, Fahrenheit degrees. 

The heat given up by the air in the duct is : 

Qw - 0.24PF0i - eO - UAAVn.fi.di - < 2 ) (23) 


where 


W a weight of air through duct, pounds per hour 
A a cross-sectional area of duct, square feet 
Vm a velocity of fluid, feet per minute 

pr a density of air at specified temperature at which velocity Fm, is measured, 
pounds per cubic foot. 


Equating (22) and (23) : 


2{| 28*8ilT^nPT 

tt - U ” UPl 


Let y = for rectangular ducts, and for round 

ducts, and solve for ti and ti : 


^1 


ttiy -l~ 1) ~ 

(.y - 1) 


(24) 


hiy — 1 ) + 
{y + 1) 


(25) 


For low velocities and long ducts of small cross-section, a somewhat 
more accurate formula may be used as follows : 


where 


I'l = 


<1 - <« 


/ VPl 
\UAApy Vn, 


-I- k 


(26) 


e ~ Nsperian base of logarithms — 2.718. 

In using Equations 24, 25, and 26, one of the duct air temperatures will 
be unknown and will be obtained by substitution of the other known or 
assumed values. 

Heat loss coefficients for insulated ducts with various conductivities 
are given in Fig. 11. The conductivities of various materials, which are 
based on mean temperatures, ranging from about 70 to 90 F, will be foimd 
in Table 2 of Chapter 6. For cases where the mean temperature is other 
than that at which the test was conducted, a correction should be made. 
However, in most cases the effect of this factor will be small and may be 
ne^ected. 

Example 6. Determine the entering air temperature and heat loss for a duct 24 X 
36 in. cross-section and 70 ft in length, insulated with i in. of a material having a 
conductivity of 0.35 Btu at 86 F mean temperature, carrying air at a velocity of 1200 
fpm, measured at 70 F, to deliver air at 1% F with air surrounding the duct at 40 F. 

Solvtion. Referringto Fig. 11, the over-all heat transmission coefiBcient is found 
to be 0.49 Btu. From Table 1, Chapter 3 the density of air at 70 F and 29.921 in. Hg 
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is found to be 1/13.348 0.0749 lb per cubic foot. Substituting these and the other 

given values in Equation 24; 


y 




28.8 X 6 X 1200 X 0.0749 
0.49 X 10 X 70 

120(46.3 + 1) - ‘ 


45.3 - 1 


- 123.7 


45.3 



PER DEG FAHR PER INCH THICKNESS) 

Fig. 11. Heat Loss Coefficients for Insulated Ducts* 

* For round ducts less than 30 in. diameter, increase heat transmission values by the percentages shown. 


Thickness of Insulation (Inches) 

k 

1 

U 

21 to 80 in. Duct Diameter 

1% 

2% 

8% 

12 to 21 in. Duct Diameter 

3% 

6% 

7% 





Substituting in Equation 22: 

e-0.4.X10X70[(!^^±i??)-4o]. 


28,100 Btu per hour. 



834 


CHAPTER 41 


1949 Guide 


For special considerations which apply to insulation of ducts in marine 
installations see Chapter 49. 

MAINTENANCE 

Ducts should be designed in such a manner as to enable easy mainte- 
nance.^ They should have enough access doors, not only to enable in- 
spection, but ^so to facilitate cleaning of the ducts.^’ The periodic clean- 
ing of the ducts should be part of the regular maintenance schedule. It 
^ould be done efficiently and competently to avoid difficulties or hazards 
in the operation of the system.*^ ** 

LETTER SYMBOLS USED IN CHAPTER 41 

a « coefficient of contraction. 

€ » absolute roughness, feet. 

Po « density of air under actual (operating) conditions, any consistent units. 
Pb ar density of air under standard conditions, any consistent units. 

Pv a: density at which Vm is measured, pounds per cubic foot. 

A » cross-section area of duct, square feet. 

Ai » area of smaller duct. 

Af ^ area of larger duct. 

a B length of one side of rectangular duct, feet or inches. (Other side is h.) 
h » length of one side of rectangular duct, feet or inches. (Other side is a.) 
C as shock loss coefficient for standard air. 
c aa shock loss coefficient. 

D « inside diameter of conduit, feet. 

Z)e a» circular equivalent of a rectangular duct for equal friction and capacity, 
inches. 

d ■> equivalent diameter, feet or inches. 
e *» Naperian base of logarithms — 2.718. 

/ aa non-dimensional friction coefficient. 

fi aa surface conductance (inside) Btu per (hour) (square foot) (Fahrenheit 
degree). 

fo » surface conductance (outside) Btu per (hour) (square foot) (Fahrenheit 
degree). 

g as acceleration due to gravity, 32.17, feet per (second) (second). 

Ho — pressure loss due to sudden enlargement, based on standard air, inches 
of water. 

Ho aa pressure loss due to sudden enlargement, based on standard air, inches 
of water. 

Hr « total shock pressure loss for standard air, inches of water. 
hi and ht « static pressure head at given points (1) and (2). 

ho » friction loss under actual (operating) conditions, any consistent units. 
ho aa pressure loss due to sudden contraction, inches of water. 
ho ar pressure loss due to sudden enlargement, inches of water. 
ht »: friction loss, feet of fluid flowing. 

K » regain in static pressure, feet of fluid flowing. 

ho aa friction loss under standard conditions, any consistent units. 

hy >= total shock pressure loss, inches of water. 

k as conductivity, Btu per (hour) (sq ft) (Fahrenheit degree per inch). 

I aa length of conduit, feet. _ 

P = perimeter of duct, feet. 

Qw » neat loss through duct walls, Btu per hour. 
h aa temperature of air entering duct, Fahrenheit degrees. 
tt as temperature of air leaving duct, Fahrenheit degrees. 
ti as temperature of air surrounding duct, Fahrenheit degrees. 

U «a thermal transmittance coefficient, Btu per (hour) (square foot), (Fahren- 
heit degree). 

V aa fluid or air velocity, feet per second. 

Vo aa velocity of air in duct, feet per second. 

Vja “ velocity of air or fluid, feet per minute. 

Vi aa velocity in smaller duct, feet per minute. 

Vt aa velocity in larger duct, feet per'minute. 
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V « velocity of air^ feet per second. 
vi mean velocity in smaller duct section, feet per second. 
vt >■ mean velocity in larger duct section, feet per second. 

W *■ weight of air through duct, pounds per hour. 

X thickness, inches. 
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Unit of Noise Measurement, Apparatus for Measuring Noise, General Problem, 
Kinds of Noise, Noise Transmitted Through Ducts, Design Room Noise 
Level, Noise Generated by Fans, Natural Attenuation of Duct System, 

Duct Sound Absorbers, Air Supply Noises, Grille Selection, 

Cross Transmission Between Rooms, Controlling 
Vibration from Machine Mountings 


I N ventilating and air conditioning a building or a room, consideration 
must be given to the effect of the mechanical system on the acoustics 
of the space conditioned. It is important to consider also that the use of 
air conditioning often permits keeping the windows closed, thus giving 
relief from certain external noises, but at the same time increasing the 
necessity of providing adequate sound control. 

It is assumed that in a given space the architect and acoustical engineer 
have produced a room or rooms which are satisfactory for speech, music, 
or other uses. The ventilating engineer's sole function is to ventilate 
and air condition these rooms properly so that they will be physically 
comfortable without adding any acoustical hazards. 

UNIT OF NOISE MEASUREMENT 

According to an international standard, two terms are used for noise 
measurement. The decibel (db) is the physical unit for expressing in- 
tensity or pressure levels. The pJwn is the unit of loudness level. The 
loudness level, in phons, of any sound is by definition equal to the in- 
tensity level in decibels of a thousand cycle tone which sounds equally loud. 

The decibel is defined by the relation iV = 10 logio y » where N is the 

*0 

number of decibels by which the intensity flux I-, exceeds the intensity 
flux lo. The intensity flux is the measure of the intensity of a soimd 
wave and is defined in terms of watts per square centimeter passing through 
a unit area of wave front in a freely traveling plane wave. It is usually 
more convenient to select an arbitrary reference intensity for /. and express 
all other intensities in terms of decibels above that level. For this purpose 
a reference intensity of 10~” watts per square centimeter has been selected. 
This intensity is lightly less thw the threshold of audibility for the 
average ear at a frequency of 1 ,000 cycles per second. This reference level 
also corresponds to a pressure of 0.0002 dynes per square centimeter for 
sound in air at usual room temperatures. 

A stated sound level in decibels, unless otherwise defined, will thus be 
related to a threshold of 10~“ watts. For example, a level of 60 db above 
this reference threshold is 10~” watts. In a similar manner, when sound 
measurements are given in actual intensity or energy units, they can be 
converted to decibels by this relation. 

Since the decibel is based on a ratio, it can only be employed when 
related to a reference threshold level as given. Noise levels, which vary 

887 
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with frequency as well as intensity, must not only be related to this ref- 
erence tmeshold level, but also to a reference frequency, which is taken as 
1000 cycles. These terms and procedures may be found in Standards^ 
published by the American Standards AssocicUion. 

APPARATUS FOR MEASURING NOISE 

Since the relative loudness to the ear, rather than the actual physical 
intensity, is the quantity in which engineers are usually interested, it has 
been found necessaiy to allow for the varying response of the ear at dif- 
ferent frequencies in desig^g noise measuring equipment. It is most 
satisfactory to measure noise by means of a sound level meter, which 
usually consists of a microphone, a high gain audio-amplifier, and a recti- 
fying milliammeter which wiU read directly in decibels. This meter is 
calibrated to give readings above the standard reference level and usually 
contains a weighting network to make it less sensitive at those frequencies 
where the ear is less sensitive. Three tjrpes of weighting networks may be 
provided. The “A” network is intended to provide relative frequency 
sensitivity corresponding to the characteristics of the ear at a loudness 
level of 40 dmbels. The “B” network is weighted to correspond to the 
ear characteristic at a loudness level of 70 decibels. The meter may also 
be provided with a “flat” network which provides no weighting by fre- 
quency. For complete details on standards for sound level meters, refer 
to the information^ published by the American Standards Association. 

GENERAL PROBLEM OF SOUND CONTROL 

As previously stated, the problem confronting the air conditioning 
engineer is that of designing a system which will operate without increasing 
the noise level in the conditioned space. To be sure that this is 
accomplished, it is necessary: 

1. To deternune the noise level existing without the equipment. 

2. To ascertain the noise level which would exist if the equipment were installed 
without sound control. 

3. To provide as a part of the installation sufficient sound control appliances to 
reduce the noise level substantially to that found in Item 1. 

To accomplish this the engineer should have information of three kinds : 

1 . A knowledge of the noise levels currently considered acceptable in various rooms 
in order that he may have a basis on which to proceed. 

2. A knowled^ of the nature and intensity of the noise created by the various 
parts of the equipment. 

3. A knowledge of how, when necessary, to vary and control the noise level between 
the equipment and the conditioned space. 

In addition, the engineer should have sufficient information to predict 
the levels produced by noises which may be transmitted by the duct 
system from one conditioned space to another or from an outside space to 
the conditioned space. In either case, the desi^er must know the prob- 
able noise level at the point where the noise originates. From this he can 
pompute the attenuation or transmission loss required in order to bring 
itUs level down to that required in the conditioned space. If there is 
likelihood of direct transmission through a duct, the attenuation required 
may be computed as shown in section Noise Transmitted Through Ducts. 
If the transmission is through dividing walls, it will be necessary to refer 
to publi^ed data on losses through standard building constructions*. 
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Infonnation concerning the noise levels created by ventilating and air 
conditioning equipment such as fans, motors, air washers, and similar 
items is not yet on a basis which permits tabular presentation, although 
certain manufacturers are prepared J;o offer such data and do state the 
noise producing properties of their products. A soimd test code for fans 
has been developed by the National AsaodaUon of Fan Manufacturers 
which uses the flat response network of the sound level meter. However, 
when determining the noise generated by an air distribution system, it is 
customary to use the noise level of the fan as determined by the weighting 
network most nearly approaching the noise level of the space. In most 
cases this will be the noise level of the fan as determined on the 40 decibel 
weighting network. Refer to Table 1 for typical noise levels. 

KINDS OF NOISE 

In solving a sound problem of this type it is desirable to consider sepa- 
rately the several means by which noise reaches the room. This avoids to 
some extent the necessity of knowing the noise level at the source, and 
instead, places the emphasis on ascertaining the level at the point where 
the sound enters the room. 

The noise introduced into a room or building by ventilating or air 
conditioning equipment may be divided into two general kinds depending 
on how it reaches the room : 

1. Noise transmitted through the ducts. 

а. From equipment such as sprays, fans, etc. 

б. From outside, and transmitted through duct walls into air stream. 

c. From air currents, including eddying noises. 

d. Cross talk and cross noises between rooms connected by the same duct 
system. 

e. Noise produced by the grilles. 

2. Noise transmitted through the building construction. 

a. From machine mountings as vibration. 

h. From equipment through room wall surfaces. 

The next step in the solution of this problem is to present data and 
discuss methods whereby solutions to the noise problem can be obtained 
when the allowable room noise level and the path through vrhich the 
noise reaches the room are known. 

NOISE TRANSMITTED THROUGH DUCTS 

Operation of an air distribution system results in the generation of 
noise which may be transmitted through the ducts to the ventilated or 
conditioned room. The transmission of this noise may be controlled by 
the proper application of sound absorptive material within the ducts. 
The application of the absorptive material is a problem in balancing the 
room noise level requirements against the intensity of the noise generated. 
The four steps in the problem are: 

1 . Determination of acceptable room noise level resulting from the operation of the 
equipment. 

2. Determination of noise level generated by the equipment. 

The difference between items 1 and 2 in decibels is the over-all noise reduction 
required l^tween the equipment and the room. In the discussion which follows 
reduction of noise will be referred to as attenuation of noise. 

3. Determination of the natural attenuation of the duct system. 

4. Selection of the proper sound treatment for the duct system. 

The difference in decibels between the over-all attenuation required and the 
natural attenuation (3) is the additional sound attenuation to be provided by ab- 
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sorptive materials installed in the duct system or by special constructions designed 
to absorb sound. Experience has shown, for example, that where ventilating re- 
Quirements permit, introduction of an expansion chamber or a change in area in the 
duct will frequently provide further reduction in low frequency noise. 

DESIGN ROOM NOISE LEVEL 

Measurements of noise levels have been observed by several investi- 
gators in various rooms and locations and are listed in Table 1. The 

Table 1. Typical Noise Levels* 



Nodi Livil in Dicdilb 

Roomb 

TO Bl AMTICIFATBD 

Mia. 1 Representative Max. 


Sound Film Studios 

Radio Broadcasting Studios 

PianetariunL 

Residence, Apartments, etc. 

Theaters, Legitimate 

Theaters, Motion Picture 

Auditoriums, Concert Halls, etc. 

Churches 

Executive Offices, Acoustically Treated Private Offices 

Private Offices, Acoustically Untreated 

General Offices. 

Hospitals 

Class Rooms 

Libraries, Museums, Art Galleries. ... 

Public Buildings, Post Offices, etc. 

Small Stores 

Upper Floors Department Stores. 

Stores, General, Including Main Floor Dept. Stores. 

Hotel Dining Rooms 

Restaurants and Cafeterias 

Banking Rooms. 

Office Machine Rooms. — 


Vmicus 


Railroad Coach 

Pullman Car 

Automobile 

Vehicular Tunnel 

Airplane 


10 

10 

15 

83 

25 

30 

25 

25 

30 

35 

50 

25 

30 

30 

45 

30 

40 

40 

50 

40 

50 

50 

65 

60 


60b 

65b 

50 

75 

75 


14 

14 

20 

40 

30 

35 

30 

30 

88 

43 

60 

40 

35 

40 

55 

35 

50 

50 

60 

50 

60 

55 

77 

70 


70 

65 

65 

85 

80 


20 

20 

25 

48 

35 

40 

40 

35 

45 

50 

70 

55 

45 

45 

60 

45 

60 

55 

70 

60 

70 

60 

90 

80 


80 

75 

80 

05 

90 


*These values are tentative. More detailed measurements by D. F. Seacord, Bell Telephone Labora- 
tories journal Acoustical Society of America, Vol. 12. pp 183-187, 1940) Rive average values and stand- 
ard deviations of room noise in residences, offices, stores, factories, etc., in large American cities. 

bFor train standing iq station a level of about 45 db is the maximum which can ordinarily be tolerated. 


values given were determined with the air conditioning or ventilation 
equipment out of operation, and with ail windows and doors closed simu- 
lating the con^tioiu of an actual inst^tion. This is an important 
consideration, since, in offices or stores adjacent to busy thoroughfares the 
difference between the t}rpical noise level in the space with the windows and 
doors open and closed may be as high as 10 db. M inimum , representative, 
and maximum levels are ^ven for each type of space. The values are 
intended to give the variation with respect to location and not to time, and 
may be rou^y classified as shown in the following paragraphs. 
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Minimum loudness refers to: Spaces of expensive construction, typified 
by double windows, carpeted floors, heavy upholstered furniture, or 
acoustically treated walls and ceilings. 

Representative loudness refers <o:*Spaces of average construction and 
furnishings which are exposed to external noises t3rpical of the locality 
in which the space is usually found. 

Maximum loudness refers to: (1) Any space of inexpensive construction, 
and bare furnishings where noise is not an important factor. (2) Spaces 
in close proximity to very intense street traffic or to intense factory noise. 

In general, if the noise level in the space resulting only from the opera- 
tion of the air conditioning equipment is equivalent to or less than the 
typical level given in Table 1, the installation will prove satisfactory. If 
the typical level and the equipment level are equal and heard together 
the resultant level will be 3 db higher than either of them alone. 

In some cases it is desirable to keep the equipment noise level in the 
ventilated or conditioned room at such a value that it actually will not 
increase the noise level in the room to any measureable degree. This can 
be accomplished if the equipment noise at the room can be kept 10 db 
below the noise levels shown in Table 1. 


NOISE GENERATED BY FANS 

Noise generated by fan wheels may be divided into two classifications, 
rotational noise and vortex noise. In ventilation and air conditioning 
work, where the maximum ratio between the fan tip speed and the velocity 
of sound is not greater than 0.12, vortex noise is by far the most important. 
The rotational noise may be described as that due to the thrust and torque 
applied to the air. Vortex noise is that due to the shedding of vortices 
from the blade and is dependent on the angle of attack, velocity, air 
turbulence, and blade shape. Vortex noise is due to pressure variations 
on the blade as a result of variations of air circulation. Given the noise 
level at the outlet or inlet of one type of fan construction under specific 
conditions of size, tip speed, and total pressure, noise levels at other values 
of tip speed, total pressure, and size may be approximated by the 
relationships : 


1 . For constant size and point of rating, the noise level of a fan will increase with 
increasing speed. 


db (change) => 55 logi 



( 1 ) 


2. For constant pressure and tip speed, the noise level of a given type of fan will 
increase with increasing fan size. 


db (change) « 20 logio 



( 2 ) 


Fan size refers to wheel diameter, housing height or some dimension that is directly 
proportional to lineal units. Fan sizes based on arbitrary systems or systems of 
preferred numbers have no significance. 

The noise of a given fan is not constant at constant speed if the air 
delivery changes due to change of resistance. In general, a backward 
curved blade fan is lowest in noise at or near the point of maximum effi- 
ciency; a forward curved blade fan at or between the point of maximum 
efficiency and shut-off ; an axial flow fan at or between the point of maximum 
efficiency and free delivery. The noise level of a double width fan may be 
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Table 2. Attenuation in Straight Sheet Metal Duct Runs 


Duct 

Size. In. 

Attenuation 

PER Ft, db 

Small 

6x6 

0.10 

M cd i 

24x24 

0.05 

Lat£« 

72x72 

0.01 



taken as 3 db higher than a similar single width fan operating under the 
same conditions of speed and pressure. 

NATURAL ATTENUATION OF DUCT SYSTEM 

Straight Sheet Metal Ducts. The attenuation of sound in straight sheet 
metal ducts is a function of the length, shape, and size of the duct^. 
Attentuation values are given in Table 2. In general this attenuation is 
so negligible except for long runs that it may be disregarded for all practical 
purposes. 

Elbows and Transformations. Due to reflective interference, attenuation 
will take place at elbows and transformations. The magnitude of the 
attenuation will depend on the size and abruptness of the elbow or trans- 
formation as shown in Table 3. 

When the area of a duct increases abruptly, an attenuation of noise 
level takes place in the duct. In duct design practice the total area of 
the branch ducts is greater than the supply duct. Similarly with outlets, 
the area of the outlet plus the area of the duct after the outlet is greater 
than the duct area before the outlet. Therefore in an outlet run, attenua- 
tion occurs in the duct as it passes each outlet. Table 4 gives the dh 
reduction for various ratios of total branch duct and outlet area to supply 
duct area. 

Grilles to Room. The large abrupt change in area between the grilles and 
the surfaces within a room results in an appreciable noise attenuation. 
This attenuation is a function of the total grille area (supply and return) 
and the total sound absorption of the room in sabins. (The sound absorp- 
tion of a room in sabins is the summation of the products of each surface of 
the room measured in square feet multiplied by its corresponding absorption 
coefficient. The sabin is a unit of sound absorption equivalent to the 


Table 3. Atfenuation of Elbows* 


Elbow 

Size, iN.b 

Attenuation 

PER Elbow, db 

Very email 

2 wide 

3 

Small ... 

3 to 15 

2 

Medium _ 

15 to 36 

1.5 

Large .. . 

36 plus 

1 




*The attenuation in vaned elbows should be considered the same as in elbows having the same dimen- 
sions as the radius of curvature of the vanes. If the vanes are lined for the purpose of damping any vibra- 
tions in them, one third may be added to the attenuation values listed. 

bThese attenuation values are based on elbows having a center line radius 1.5 to 2 times the diameter 
or width of the duct. The attenuation will be greater if the ratio is less than 1.5 and less when the ratio is 
greater than 2. 
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Table 4. Attenuation at Duct Bbanches ok Outlets 


Ratio 

Branch Duct + Outlet Area Sum op Branch Areas 

Supply Duct Area Supply Duct Area 

Attenuation 

PER 

Transformation, db 

1.00 

0.0 

1.20 

0.8 

1.35 

1.3 

1.50 

1.8 

1.75 

2.5 

2.00 

3.0 


absorption of one square foot of a totally sound-absorbent surface). The 
attenuation is given in Equation 3 as : 

^ / Attenuation between \ _ ^ Total Room Absorption in Sabins . 

\ grilles and room 7“ Total Grille Area 

Values in Table 5 approximate the attenuation for various rates of air 
change, and general types of room surfaces. 

DUCT SOUND ABSORBERS 

The difference between the required sound attenuation and the natural 
attenuation is that which must be supplied by the proper sound treatment 
of the ducts. 

Selection of the Absorptive Material 

When a sound wave impinges on the surface of a porous material, a 
vibrating motion is set up within the small pores of the material by the 


Table 5. Approximate Attenuation Between Grilles and Room 


Outlet 

VELOaTT 

PPM 

Axb Change 
Min. 

LpTYE ROOMb 

0* * 0.05 
db 

Medium 
Roomo 
a - 0.15 
db 

Dead 

Room^ 
a - 0.25 
db 


5 

11 

16 

18 


10 

14 

19 

21 


15 

16 

21 

23 


20 

17 

22 

24 


5 

13 

18 

20 


10 

16 

21 

23 

750 

15 

18 

23 

25 


20 

19 

24 

26 


5 

14 

19 

21 


10 

17 

22 

24 

1000 

15 

19 

24 

26 


20 

20 

25 

28 


5 

J6 

20 

22 



18 

23 

25 

1250 

15 


25 

27 


20 

21 

26 

28 


^Average absorption coefficient for the room. 

bLive room-average absorption coefficient 0.05. Bare wood or concrete floor— hard plaster walls and 
celling — minimum of furniture. 

•Medium room-average absorption coefficient 0.15. Carpeted floor, upholstered furniture, hard 
plaster walls and ceiling or bare room with acoustically treated ceiling« 

dDead room-average absorption coefficient 0.25. Heavy carpeted floor. Walls and celling eoousticeUy 
treated. Upholstered furniture. 
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alternating sound waves. As the ratio of the cross-sectional area of the 
pores to their interior surface is small, the resistance to the movement of 
air in the pores is large. This viscous resistance within the pores of the 
material converts a portion of the sound energy into heat. The decimal 
fraction representing the absorbed portion of the incident sound wave is 
called the absorption coefficient. Considerable absorption may also 
result, particularly in the low frequency range, from the flexural vibrations 
of the duct. In the selection and application of the absorptive material, 
several points should be considered. 

1. For the absorption of the low frequencies below 500 cycles per second the 
material should be at least 1 to 2 in. thick. Thin materials, particularly when 
mounted on hard solid surfaces, will absorb the high frequencies and reflect the low. 

2. In order to provide as much low frequency noise absorption as possible by 
means of flexural vibration, it is desirable to fasten the absorptive panels discon- 
tinuously. This result may be attained to some extent by spot cementing, but better 
results are obtained when it is possible to fasten the absorptive panels to furring 
strips, leaving an air space behind. However, the exact resonance characteristics of 
the panels, and thus their absorption, are so unpredictable that flexural vibration 
cannot be relied upon for a specific value of attenuation. 

Requirements for a good sound absorption material are: (1) high 
absorption at low frequencies®, (2) adequate strength to avoid breakage, 
(3) fire resistance and compliance with national and local code require- 
ments, (4) low moisture absorption, (5) freedom from attack by bacteiia 
and algae, (6) low surface coefficient of friction, (7) particles should not 
fray off at the higher design velocities, and (8) freedom from odor when 
either dry or wet. 

With every application, the use of sound absorptive material should be 
considered in the dual function of insulation and sound absorption. It has 
been shown theoretically® that the reduction, in decibels per linear foot, 
of sound transmitted through a duct lined with sound absorbing material 
is related in a rather complicated manner to the size and shape of the 
duct, to the frequency of the sound, and to the sound absorbing char- 
acteristics of the lining. Experimental evidence likewise indicates that 
there is no simple formula involving the variables which will apply accu- 
rately to all cases. However, it may be stated generally that the attenua- 
tion in decibels at a given frequency is directly proportional to the length of 
lined duct. It decreases as the cross-sectional area increases, and increases 
as the aspect ratio is increased. 

The noise reduction varies to a considerable extent with the frequency 
of the sound. In calculating noise reduction, consideration should be 
given both to the comparative efficiency of the duct lining material at 
different frequencies, and to the frequency distribution of the noise to be 
quieted. In the case of fan noise, it is recommended that calculations be 
based on the frequency 256 cycles, since most of the noise energy is in 
the region of this frequency. In quieting noise due to air turbulence and 
eddy currents, in which the high frequencies predominate, the frequency 
1024 cycles should be used. 

Since ventilating system noise contains many frequencies, an exception 
should be noted to the statement above that attenuation in decibels is 
directly proportional to length of duct. Most sound absorbent materials 
are more efficient at high frequencies than at low frequencies. In con- 
sequence, the attenuation in the first five or ten feet of lined duct will be 
greater because the high frequencies are being absorbed. Thereafter, 
since low frequencies will be predominant, the over-all noise attenuation 
per foot will gradually be less. 
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Acoustic Impedance of Absorptive Materials 

In the past five years considerable literature has collected describing 
methods of determining the acoustic impedance of sound absorbent ma- 
terials and methods of utilizing this quantity for predicting the acoustics of 
rooms^ and the attenuation of sound in ventilating ducts^. Acoustic 
impedance as a concept is derived from electrical circuit theory. The 
effect of the sound absorbent material upon incident sound waves is de- 
scribed in terms of a resistive and a reactive component which may be 
determined by specifically devised apparatus®. 

Generally speaking, however, the use of acoustic impedance theory 
involves rather elaborate mathematical calculations, and the improved 
accuracy obtained is largely off-set by variations in the materials them- 
selves and in their methods of mounting. It has been difficult to measure 
the acoustic impedance of large areas of material mounted in a manner 
typical of standard construction. P. E. Sabine^ concludes that the assump- 
tions required by acoustic impedance theory make this method of calcula- 




ELEVATION 


TMf 



Fig. 1. Absorption Plenums With and Without Sound Cells 


tion of no immediate practical advantage in the measurement of sound 
absorption coefficients. 

Beranek* compares results of sound attenuation observed for rectangular 
ducts lined with absorbent material computed by acoustic impedance 
theory with data reported by H, J. Sabine^®, using the methods of this 
chapter. Beranek concludes that the conventional P/A relation is valid 
for rectangular ducts not too far from square. His analysis indicates 
that other cases require more exact theory. However, it seems question- 
able whether the improvement in accuracy offered by the impedance 
method overbalances the additional computation time required and out- 
weighs other sources of error such as variations between samples of material. 


Plenum Absorption 


In systems, where individual ducts are directed to a number of rooms 
and sound treatment is required in every duct, a sound absorption plenum 
on the fan discharge as shown in Fig. 1 will often prove the most economical 
arrangement. The absorption in the plenum may be approximated by 
Equation 4. 


db (Attenuation) 


10 logio 


Plenum Absorption in Sabins 
Area Fan Discharge 


(4) 


The area of the plenum should be at least ten times as great as the fan 
discharge area. The plenum should be lined with 2 in. of muslin covered 
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Tabu 6. End RBruiCTioN or Platb Absobbxbs 


PXRCBNTAGB FftBB ArBA OP ABSORBBR 

1 attenuation, db 

50 

1 

40 

2 

30 

4 

25 

5 

20 

6 


rock wool blanket or 1 in. sound absorbing board preferably nailed to 
wood strips on the inside of the plenum. With such a lining the plenum 
is particularly effective in reducing low frequency fan noise. The absorp- 
tion of the plenum in sabins is the sum of the products of each interior 
area of the plenum measured in square feet multiplied by its corresponding 
absorption coefficient. 

Plate Cells 

One of the most economical methods of applying soimd absorbent 
material from the standpoint of both labor and material is the plate cell. 
The plate cell consists of or 1 in. sound absorbent board, spaced on 2, 3 
or 4 in. centers. The attenuation due to the plate cell may be divided 
into two parts. There is reflection at each end due to the change in area 
and the absorption at the ends. Values for this attenuation are ^ven in 
Table 6 which depend on the spacing. There is also attenuation due 
to absorption of sound within the passages of the cell, which depends 
on the length and the spacing. The attenuation within the cell for 1 in. 
board neglecting the end effect is given approximately by Equation 5. 


where 

R — attenuation, decibels. 

L linear length of duct, feet. 

S •• spacing in inches between plates up to 3 in. 

a > absorption coefficient for the full thickness of the cell material. For typical 
value of a see Table 7. 

An important objection to the plate cell is the increase in duct cross- 
sectional area required. Often on the fan discharge, particularly with 
unitary equipment, where a number of branch ducts take off, the plate 
cell may be installed with little or no difficulty. 


Tabu 7. Attenuation Formulae tor 1 In. Thick Typical Duct Linino Board 


FraQinmcr 

ABfORPnON COBTFICIBNT 

Attbuuation RBOucnoM, db • 

266 

0A7 

8.0 L P/A 

612. 

0.68 

7A L P/A 


0.78 

0.6 L P/A 

2048 

0.78 

0.5 L P/A 
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Outlet Sound Absorbers 

Outlet sound absorbers are rectangular or plate cells installed directly 
behind an outlet or they may be the lining of a pan or plaque outlet. 
They are particularly effective in thei^elimination of high frequency whistles 
which are generated by air flow in the ducts. They are also employed in 
large systems with long runs where only a few outlets near the fan require 
treatment. Frequently outlet cells are the only means of correcting 
existing noisy installations, as the duct sections directly behind the outlets 
may be the only sections accessible for treatment. (See Fig. 2). 

Duct Lining or Rectangular Cells 

One series of experiments*® made on a commonly used t 3 rpe of duct 
lining material (1 in. rock wool sheet) has shown that, subject to certain 
restrictions, the attenuation of single-frequency sounds may be expressed 
by the approximate Equation 6. This equation is accurate within plus or 
minus 10 per cent for duct sizes ranging from 9 x 9 in. to 18 x 18 in., for 



Fio. 2. OiTTLET Cells for Pam Outlets or Grilles 


cross-sectional dimension ratios of 1:1 to 2:1, for frequencies between 256 
and 2048 cycles, and for absorption coefficients between 0.20 and 0.80. 

12-12.6L^a‘-‘ (6) 

A 


where 

R = attenuation, decibels. 

L » length of lined duct, feet. 

P » perimeter of duct, inches. 

A = cross-sectional area of duct, square inches. 

a » absorption coefficient of lining. 

In Table 7, the absorption coefficients at different frequencies of a 
material of the previously mentioned type are listed, together with the 
corresponding values for Equation 6. 

Results of other experiments indicate, however, that Equation 6 may 
be in error when applied to other types of duct lining material and to duct 
sizes and shapes outside of the range specified. An empirically derived 
chart^^ representing the average experimental data on a number of different 
types of materials including the rock wool sheet mentioned as applicable 
to Equation 6 is shown in Fig. 3. Since individual materials vary, the 
curves in Fig. 3 are given only as representing the best available averages 
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Fig. 3. Sound Attenuation for Various Absorbing Duct Liners 


for duct sizes of square cross-sections from 6 x 6 in. to 48 x 48 in. As an 
illustration, the dotted lines in the chart show values calculated from 
Equation 6 which indicate that the slope for this particular material is 
somewhat different than from the average curves. The curves in Fig. 3, 
as well as Equation 6, show that the attenuation in decibels is directly 
proportional to the length of duct lined, and that the larger the duct the 
greater will be the length which must be lined in order to obtain a given 
noise reduction. 

If the length of duct from the main duct to a grille is shorter than the 
length of lining indicated by the calculations, this duct may be subdivided 
into smaller ducts, as shown in Fig. 4. The increase in noise reduction thus 
obtained may be calculated from Equation 7, provided the splitters are 
installed parallel to the long side of the duct : 


where 


R. 


^ a + bn 


(7) 


R» = reduction with splitters, decibels. 

Ro = reduction in same length of duct, without splitters, decibels. 
a — dimension of short side of duct, inches or feet. 
b = dimension of long side of duct, inches or feet, 
n = number of channels formed by splitters. 

Example 1, An air conditioning installation is to be installed in a small theater. 
Determine the necessary sound treatment for the air distribution system to provide a 
satisfactory noise level in the theater utilizing these conditions : 

Fan tip speed 4000 fpm, total pressure 1.25 in 77 db 

Acceptable room noise level (Table 1) 40 db 


Required attenuation 37 db 

Solution: Natural attenuation of supply duct. 

Sheet metal duct 50 ft long 48 in. x 36 in. (Table 2) 50 x 0.01 0.5 db 

Elbows, two size 48 in. x 36 in. (Table 3) 2 x 1 2.0 db 

Attenuation grilles to theater air change 10 min (Table 5) outlet 
velocity 1000 fpm 22.0 db 


Total natural attenuation 24.5 db 

Difference between required and natural attenuation, 37 minus 24.5, is 12.5 db. This 
attenuation must be supplied by sound treatment in the duct, either in the form of 
duct lining or plate cells. 
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A similar analysis of the return duct system shows that 15 db attenuation is to be 
furnished by absorptive material. An inspection of the installation shows that the 
lining of the plenum on the suction side of the fan would prove the most economical, 
where it would secure the dual function of heat insulation and sound absorption. 

Example A 10 x 20 in. duct is connected to a private office space in a quiet loca- 
tion. Determine the length of lining necessary to attenuate average fan noise 
satisfactorily, using a lining material of a type to which Equation 6 applies, and 
having an absorption coefficient of 0.40 at 256 cycles. Assume that the duct is only 
12 ft long as shown in Fig. 4, and that a 30 db reduction is required in this length. 

Solution: 

Case 1. (No splitters). From Equation 6, 

tr 

^ 60 

Ro « lf.6 X 12 X “ X 0.40‘ * = 12.6 db 


Case 2. (Two splitters, three channels). From Equation 7, 


R. = 12.6 X 


10 -K20 X 3) 
10-f 20 


= 29.6 db 


AIR SUPPLY OPENING NOISES 

When air is introduced into a room through a grille or register at a 
constant velocity, sound energy is being introduced into the enclosure at 
a constant rate'^. Due to partial reflection at the boundaries of the en- 
closure, the intensity of sound at any point in the space builds up to some 
maximum value. In a large room at a point remote from the source of 
sound (the supply opening) the intensity can be shown to be substantially 
proportional to the rate at which sound energy is generated and inversely 
proportional to the number of sound absorption units (sabins) in the 
room. It would thus appear that doubling the sound absorption of the 
room would halve the intensity and result in a noise level decrease of 3 db. 

Grille noise is similar in character to fan vortex noise. Knowing the 
noise level at the face of a grille for a given grille blade setting, the noise 
will vary as given in Equation 8 where V is the velocity of the air through 
the grille. 


db (change) ~ 55 logio 



( 8 ) 


For a change in blade setting Equation 9 applies and in this case the 
total pressure is measured directly behind the face of the grille. For a 
typical air conditioning grille the noise level at the grille face may be 
approximately 48 db with a total pressure behind the grille of 0.1 in. 




Fig. 4. Diagram of Branch Duct Treatment Where Length Is Insufficient for 

AbEQUATE Absorption 



$50 


CHAPTER 42 


1940 Guide 


db (change) 27.5 logio 


[ (Tot al PreBSure)t n 
(Toti Pressure)i J 


The resultant room noise level can be approximated by Equation 10. 


(9) 


Room Level 


‘Noise Level atl Total Room Absorption in Sabins 

Face of GrilleJ “ ® Total OrJll^r^ 


Grille Selection 


( 10 ) 


In practice the allowable total sound and the required air flow are 
usually known, and it is desired to determine the maximum allowable 
velocity. In comparing sound ratings of various grilles several factors 
must be known if the information is to be properly applied : 

1. The threshold intensity on which the decibel ratings are based. 

2. The distance from the grille at n^hich data were taken. 

3. If stated as loudness level versus velocity for a given grille, the core area (not 
nominal area) must be known. 

4. The sound absorbing characteristics of the lest room. 

5. Whether or not corrected for test room loudness level : if not, the room level 
(without grille noise) must be known. 

6. Methods used for recording data. (Characteristics of sound meter). 


Since total loudness and air flow are both functions of velocity and area, 
the solution of the problem implies a trial and error method. It has been 
found possible to present these data with sufficient practical accuracy as 
a family of uniform curves, as illustrated in Fig. 6, which are based on 
these assumptions: 

1. Threshold intensity = lO '** watts per square centimeter*. 

2. Microphone location 5 ft from lower edge of supply opening on a line downward 
at 45 deg and in a plane bisecting the supply opening perpendicularly. 

3. Where data are given as loudness level versus velocity, the rating is per square 
foot of core area. 

4. The room is assumed to have 100 sabins absorption. 

5. Plotted data are loudness levels of supply openings only^ correction having been 
made for test room level. 

6. Data taken with a direct reading sound devel meter with frequency weighing 
network intended to approximate the response of the human ear. 


If the published ratings are in terms of decibels per square foot, correction 
must be made for area to secure the total sound level of supply openings of 
more or less than one square foot area from Equation 11. 


Decibel Addition » 10 logio A 


( 11 ) 


where 

A » core area, square feet. 

With Fig. 6 it is possible to find directly the velocity in feet per minute 
which will give a predetermined total loudness at a predetermined rate of 
flow expressed in cubic feet per minute. The values used are arbitrarily 
chosen for the purpose of discussion and do not necessarily represent data 
referring to any particular design of air supply opening. A correction 
chart is shown in Fig. 6 for a room having a sound absorption other than 
100 sabins. 

Example 5. Determine the core area (see Chai)ter 40) of an air supply f^rille which 
will maintain a noise level of not more than 40 db in a room having 100 sabins of sound 
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A^orption, if an lir volume of 2400 cfm is required to maintain the proper air con- 
ditioning. 

Solution, Assuming a grille noise rating of at least 5 db below the noise level of the 
room, Fig. 5 shows that the limiting grille velocity for a total loudness of 35 db is 
about 725 fpm and the core area becomei| fixed at 2400 -s- 725 or 3.31 sq ft. 

If the room absorption had been greater, the previously selected velocity of 725 fpm 
would be safe, since the loudness reduces. If the room absorption had been ^ 
sabins a correction of plus 1.3 should be made by reference to Fig. 6, and the permis- 
sible velocity becomes that corresponding to a total loudness of 36.3 or approximately 
800 fpm. 

If the room had been highly reflective w’ith an absorption of less than 100, the 
correction would be much more important. For instance, for a room of 35 sabins a 
correction of minus 3 db should be made and the maximum velocity corresponding to 
the 32 db total loudness would be approximately 600 fpm. 

Where more than one supply opening must be considered, the problem 
is more complicated. If a similar supply opening is added in a far corner 



of a highly absorbent room, the change in noise level at the 5 ft station at 
the first supply opening is small ; however, if the room is small, or highly 
reverberant or both, the intensity at the 5 ft station may be almost doubled 
and the noise level increased nearly 3 db thereby. The simplest method of 
handling this problem is to treat the room as though all the air were being 
supplied by one supply opening. Thus, if two outlets, each supplying 
1000 cfm are used, the value 2000 cfm should be used with Fig. 6. Although 
this method may place an unwarranted limit on velocity when used in a 
large room, it is seldom that such a room has a noise level low enough to 
justify a more complicated though more exact procedure. 

In general, return grilles are selected for velocities about half the supply 
velocity, and when this is done, they may be neglected in sound computa- 
tions. However, if supply and return grilles are the same size, resulting in 
the same face velocity, they must be treated as two supply openings. 
That is, if 1000 cfm are supplied and exhausted through grilles of the same 
area, 2000 cfm must be used in the solution with Fig. 5. 

CROSS TRANSMISSION BETWEEN ROOMS 

Ducts serving more than one room permit cross talk between the rooms 
and should be lined with acoustical material. Where the rooms are close 
together and the ducts short, the ducts should be sub-divided to provide 
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ample acoustical treatment. Lagging material similar in character to 
acoustical board, when placed on the outside of ducts, serves to prevent 
noise originating outside the ducts being carried ini»de the ducts and into 
the air stream. 

A case where outside lagging is desirable occurs when ducts originate 
at the fan in the equipment room and pass through this room on the way 
to the room being conditioned or ventilated. Unless the ducts are lined 
some of the mechanical noise from the equipment room air may be trans- 
mitted through the wall of the duct into the air stream and thereby carried 
into the room. In such cases, that portion of the duct which is exposed to 



DECI8FLS COBIIECTION 

Fio. 6. Room Absorption Correction Chart 


the sounds in the equipment room should be lagged with material such as 
cork, pipe covering or other sound damping material to prevent the sound 
from entering the duct at this point. Numerical data are not available to 
permit a simple and practical calculating procedure to determine thickness 
of covering which should be used for this purpose. 

Laboratory measurements have shown that the loss through a sheet of 
No. 22 gage metal is 24 db. When a sheet of rock wool insulation 1 in. 
thick wd weighing 1 .4 lb per square foot is added to this, the insulation 
value is increased to 29 db. In general, however, adding a layer of insula- 
tion or pipe covering does not materially increase the sound insulation 
value unless the material is dense, or unless it is surfaced with another sound 
impervious layer such as metal or board. Standard reference books should 
consulted for sound insulating properties of various materials. Inside 
lining material used in the case previously mentioned would serve as an 
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absorber of the sound transmitted through the duct walls, and thus act as a 
means of preventing the transfer of noise into the air stream. Inside 
lining may also be used in ducts to absorb noise which reaches the air 
stream from equipment such as fans, sprays and coils ; noise due to eddying 
currents set up by elbows, dampei^ and similar obstructions ; and noise 
transmitted from room to room where there is a common duct system. 

CONTROLLING VIBRATION FROM MACHINE MOUNTINGS 

It is impossible to select equipment which will operate without producing 
some mechanical noise and, since the equipment must be mounted in a 
building, it is probable that a part of this noise will be transmitted to the 
building to such a degree as to make noisy conditions in the rooms which 
are to be air conditioned. 

Much of this noise may be transmitted by the duct if it is rigidly con- 
nected to the fan outlet. It is common practice to make the connection 
between the fan and the duct with a canvas sleeve which effectively restricts 
noise at this point. Noise may also enter the building through the mount- 
ing of the motor and the fan. Flexible mountings should be provided in all 
installations but these mountings must be carefully designed so that they 
will actually reduce the energy transmitted between the machinery and the 
supporting floor. If a flexible material is used, it is desirable to investigate 
the installation so that it is not short-circuited by through bolts which are 
improperly insulated and by electrical conduit which is not properly broken 
and is attached both to the equipment and to the building. The flexible 
mounting, if improperly engineered, may actually increase the energy 
transmitted between the equipment and the floor upon which it is 
supported. 

In the proper isolation of vibration, which is usually in the lower range 
of frequencies and does not include the airborne vibrations known as sound, 
there is one basic formula which is important in the solution of the problem. 
It is the formula of transmissibility as governed by the equation ; 



where 

T = transmissibility of the support. 

/ = frequency of the vibratory force. 

/n » natural frequency of the machine unit on its support (Damping » 0). 

Equation 12 shows that the transmissibility approaches unity for 
disturbing frequencies considerably lower than the natural frequency of 
the mounting. As the disturbing frequency is increased the transmis- 
sibility is also increased until at the resonant frequency, where / = /» the 
transmissibility becomes infinite. This is not true in practice because all 
materials have some internal damping effect. However, operating at or 
very close to the resonant frequency is always serious as forces and stresses 
may be multiplied 10 to 100 times. As the disturbing frequency becomes 
greater than the natural frequency the transmissibility becomes a smaller 
quantity and at the value of ///» = \/2 it again has the value of unity. 
Beyond this point true isolation is first accomplished. At a ratio of 3 to 1 
for / to /n the isolation is effective enough for practical application, and 
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experience and economical design have shown that a ratio of 5 to 1 is good. 
For high speeds, higher ratios for/ to/n are easily attained and give better 
results for effective vibration control, but for the lower speeds as experienced 
with compressor work the higher ratios become uneconomical. 

For a given installation the speed of the compressor is fixed by the speci- 
fications, therefore the value of / is fixed. That leaves only /„ to be de- 
termined and that is accomplished by the choice of mounting material and 
design for the support of the machine. It is well to keep in mind that when 
tr3dng to isolate vibration, no attempt should be made to isolate the driving 
and driven piece of equipment separately. The two should be mounted on 
a rigid frame and then the entire assembly isolated according to the rules 
presented in this chapter. 

The value of /n can be controlled by the flexibility of the machine support, 
and when the deflection of the machine support is proportional to the load 
applied (such as with springs or nearly so with rubber in shear) the value 
of /n can be determined by Equation 13. 



where 

g ^ gravitational constant. 

d = static deflection of supporting material. 

/ = frequency of the vibratory force. 

/o =* natural frequency of the machine unit on its support (damping = 0) . 

By the use of Equation 13 a set of curves may be plotted as shown in 
Fig. 7. The first line A B, plotted as the critical frequencies for the various 
static deflections, is a curve showing the worst possible conditions or 
resonant conditions. 

Plotting another curve CD, which is V^2 times curve AB, shows the 
area MCD N in which the resilient material or mounting does more harm 
than good. Plotting two more curves EF, 3 times curve AB, and GH, 5 
times curve AB, shows area EGHF which represents efficient and eco- 
nomical isolation. Area GPOH is excellent isolation, but for all except the 
highest speeds becomes rather uneconomical because of the large deflections 
required. 

Example 4. An electric motor driven compressor unit is to be isolated. The com- 
pressor is partially balanced and operates at a speed of 360 rpm. The speed of the 
motor is 1160 rpm and is belt connected to the compressor. Total weight of the 
compressor and motor is 4500 lb. 

Solution: The minimum disturbing frequency to be isolated is 360 cycles per min- 
ute. Assume that the desired ratio of forced to natural frequency is 3 as a minimum 
and that 5 is desired. The desired natural frequency of the mounting is 360 5 » 72 

cycles per minute. 

From Fig. 7 a deflection of 7 in. is required to attain a natural frequency of 72 cycles 
per minute. This value may be obtained from critical curve AB for 72 cycles or from 
curve GH (5 times critical) for 360 cycles. For the minimum ratio of 3 the deflection 
would be 2.5 in. 

The next step is to determine the total weight to be supported by the springs. For 
low speed partially balanced compressors, it has been found necessary to add a 
foundation weighing 2 to 3 times the weight of the motor and compressor, in order to 
maintain the machine movement below 0.03 in. 


Compressor and motor 4,500 lb 

Concrete foundation 9,000 lb 

Total 13,600 1b 
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Practical application dictates the number of springs to be used, which is based on 
the design of the machine foundation and the supporting floor structure. However, 
it is desirable to design for at least 8 springs and one or two spares for cases of un- 
known weights. As many as 50 springs have been used on one installation. The 
distribution of the springs must be balanced against the masses to be supported, 
otherwise the foundation design and supporting structure, determine the location of 
the springs. 

The choice of the material used in the design of the resilient mounting 
is also important. For the slow-speed type compressor a common speed 
found in practice is 360 rpm. For speeds below this, isolation should not 
be attempted except under careful supervision. Referring to Fig. 7 , it is 



Fig. 7. Static DarLBcriON for Various Frbquencibs 


found that for 3G0 rpm the static deflection required for a ratio of ///n of 
3 to 1 (line EF) is 2.5 in. and for a ratio of 5 to 1 {line GH) it is 7 in. 
For these values of deflection the only choice of material is the coil spring. 
This is also true for speeds up to about 700 rpm. In consideration of the 
transverse spring constant (so as to maintain good ratios among the various 
degrees of freedom) experience has shown that the spring should be designed 
with a working height equal to 1 .0 to 1 .5 times the outside diameter. A long 
spring of small outside diameter has very low transverse rigidity and 
tlierefore requires some additional means of preventing side drift of the 
unit and on very sensitive applications this may tend to destroy the isolation 
efficiency. For speeds of 700 to 1200 rpm the required deflections range 
from 0.22 in. to 1.75 in. For these conditions rubber in shear serves as a 
rather satisfactory material if protected from oil. For speeds higher than 
1200 rpm cork specially made for vibration damping can be applied with 
good results. These limitations are by no means absolute, because certain 
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liberties may be taken without impairing the result if all possible degrees of 
freedom have been taken into account in the design of the installation. 

When a machine unit is properly isolated it will have a definite amount 
of movement which is determined by the ratio of the unbalanced forces to 
the total mass of the machine. If this resultant machine movement is too 
great for the necessary connections or the satisfaction of the customer it can 
be reduced only in two ways without destroying the quality of the isolation ; 
first, adding mass or dead weight to the machine (such as concrete) common 
in the application of low speed, partially balanced machinery; second, 
accurately balancing (both statically and d3mamically) all moving parts so 
as to eliminate the vibration at the source. This latter method is the best 
engineering practice and is the modern trend. However, even with well 
balanced machinery, installed in the vicinity of quiet offices it is usually 
necessary to isolate properly the equipment to prevent the transmission of 
vibration likely to cause complaints. 

Where limitation of machine movement is desired during the starting 
and stopping periods, the application of friction or hydraulic damping 
will serve without seriously interfering with the efficiency of the isolation. 
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CHAPTER 43 

CENTRAL SYSTEMS EOR AIR CONDITIONING 

Features of Systems, Zoning, Apparatus Dew-Point, Cooling Load, Heating Load, 
Air Quantity and Effective Temperature Difference, Low and High 
Pressure Induction Convectors, Evaporative Cooling, Precooling, 

Sensible Cooling with Unwetted Coils, Run-Around 
System, Selection of Type of System, Location 
of Apparatus, Design Procedure 


T he term, central, applied to an air conditioning system implies that 
the equipment such as fans, coils, filters and their encasement are 
designed for assembly in the field rather than in a factory as a unit. As 
a central system usually serves several different rooms, individual con- 
trols are required for each room. 

FEATURES OF CENTRAL SYSTEMS 

One advantage of a central air supply system is that one apparatus 
serving many rooms may involve a lower investment cost than that for a 
number of self-contained plants, each serving a single room. A central 
system may occupy basement or attic space that is relatively unimportant, 
whereas individual factory-assembled apparatus placed in each room 
may occupy otherwise valuable space. Aoiother advantage of a central 
system is accessibility for servicing, since it is possible to provide doors 
in the encasement for cleaning and inspecting all of the component parts 
in a manner usually superior to that practicable with compact factory- 
assembled equipment. 

Central air conditioning systems usually are connected by ducts with 
the various rooms served, and preferably have exhaust fans that may 
effect complete removal and disposal of any desired proportion of the air. 
The exhaust fan may return air to the supply system for recirculation, as 
a measure of economy of fuel or refrigeration. 

Central air conditioning systems are served by heating and refrigerat- 
ing equipment which may be located at some distance from the air supply 
apparatus and which may serve one or more central air supply systems. 

Year-Round Air Supply System 

Fig. 1 is a plan of a year-round air supply system. Outside air may 
enter from the left at A, desirably from an intake on the side of the build- 
ing least exposed to solar heat and not close to the ground or to a sun- 
heated or dust-gathering roof. A damper B for proportioning the volume 
of outside air, is interlocked with the return air damper C in such man- 
ner that as the outside air volume increases the return air volume decreases. 
The return air duct D, shown diagrammatically, comes from the exhaust 
fan. All the air, it will be observed, must pass through the filters E 
and there is ample room on both the inlet and outlet sides of the filters for 
servicing them. The filters may be of mechanically cleaned type, of 
replaceable cell t3rpe, or may be electronic, as describe in more detaU in 
Chapter 33. 

The cleaned air passes to the equipment that changes its temperature 
and humidity. Except in very warm climates, a heating or tempering 
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coil F is required to warm the air to a temperature above freezing. Usu- 
ally, the heat is supplied by means of hot water or steam. During many 
hours of most days it is practicable to recirculate enough of the air so that 
the air drawn from outside, after mixing with the relatively warm return 
air, \idll not be cold enough to freeze the water in the humidifier. 

Upon leaving the tempering coil, the air enters the humidifier G. This 
may be a spray of warmed water, circulated by a small pump from a 
water tank under the spray chamber, or may be other means of supplying 
water vapor. The supply of moisture must be under automatic and very 
reliable control. Following the humidifier a heater I is required, for con- 
trolling the temperature of the air entering the supply fan. 

The second group of heat transfer devices in a year-round system 
includes an air cooling component H, for use in warm weather. Its sur- 
face may be chilled by direct expansion of an approved refrigerant within 



Fig. 1. Arbanoement of Equipment fob Year-Round Air Supply System 


its tubes, or the surface may be cooled by a pump-circulated liquid such 
as water or brine. This device must be sufficiently cold to cool the sum- 
mer air to a temperature below the existing dew-point, and may be ex- 
pected to be wetted constantly by the moisture condensed from the air. 
A water-tight drainage tank must be installed under the cooling coil and 
should extend for a distance toward the fan. Water should be drained 
by means of a trapped waste through a vented air-break. The second 
group of heat transfer devices also includes an air-heating component 
(reheater) similar to the tempering coil and capable of warming the 
chilled, saturated air leaving the cooling surface, to a temperature suffi- 
ciently high to prevent complaint of drafts, when the air is delivered into 
the rooms. 


ZONING AND ZONE CONTROL 

It is apparent that while an apparatus like that of Fig. 1 would be very 
desirable for any single room, since in that case the air could be delivered 
at optimum conditions, the cost of a complete individual system for each 
room and the space required for the equipment generally would be pro- 
hibitive. Economy is favored if the varying requirements of numerous 
rooms or zones can be simultaneously satisfied by air from a single central 
supply system. 
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Various methods are practicable for controlling the temperature, hu- 
midity and air movement in various rooms or zones. A measure of con- 
trol is attainable merely by proportioning the flow of air to each room, 
though usually such control by throttling dampers is difficult to maintain 
and should be avoided when possible. 

Another scheme is to install a properly proportioned coil in the branch 
air supply duct serving each room to warm the air to suit the individual 
need. The air, for example, leaving the fan that serves several rooms, 
may be cooled before entering the fan, to the condition favorable for one 
room, and the air for each other room may be reheated by the branch 
duct coil to the required temperature. It is also possible to circulate a 
heat absorbing medium in the branch duct coils to reduce the temperature 
of the air passing to rooms that would be overheated if they received air 
at the condition leaving the central air supply system. In Fig. 1 such 
coils J are indicated in the three branch ducts leaving the supply fan. 


WEATHER ^ 
HOOD ^ 


ki 


I 


ONE OF 

TEMPERING COIL HEATING COIL SEVERAL OUCTS^ 
RETURN AIR / ^HUMIDIFIER \ MIXING DAMPER / 

V 




m 

r 

D 

— 

-T- 

3 

1 



i 









:OOLIN& COIL 


^ FILTER-' \ / '-WATER TANK 

INTAKE DAMPER V-^cCESS DOORS 

Fig. 2. Alternate Arrangement of Equipment for Controlling Air Condition 
IN Central Air Supply System 


When heat transfer devices are placed in branch ducts for improved 
temperature control, mechanically circulated water gives excellent results 
as a heat carrier. The water usually is warmer than the air but it is pos- 
sible to use water colder than the air. 

It is practicable also to use single central air conditioning equipment 
similar to that shown in Fig. 1, in conjunction with several fans; one for 
each room or zone. In such cases there may be a separate reheater on the 
suction side of each relatively small supply fan. 

The designer must remember that the various supply fans will compete 
with each other for air, against the resistance interposed by the filters, 
coils, etc., that are used in common under such circumstances, and that, 
therefore, unless the fans are of backward-curved blade, non-overloading 
type, they may alternate in carrying more than their share of the air, and 
thereby cause the air distribution to be chaotic and unsatisfactory. 

Another method of controlling temperature in various rooms served 
by a central air supply system is shown in the sectioiml elevation. Fig. 2. 
The supply fan is placed immediately after the humidifier. When cooling 
the air in hot weather, the humidifier is not operated. The fan will 
deliver the air through the heating coil and through the cooling coil to 
the two air pressure chambers A and B at the right of these coils. From 
these chambers many separate ducts, one of which is shown, each with a 
double-blade mixing damper, may convey the air to the various rooms. 
The mixing dampers, one of which is shown, are interlocked so that as the 
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uppOT (me closes the lower one opens; selecting between them, air in the 
required quantity from either the warmer chamber A or the cooler one B. 
In cold weather no refrigerant is required in the cooling coil and in hot 
weather no heating medium is circulated in the heating coil. With this 
scheme, the control of relative humidity in warm weather is not always 
sufficiently precise to meet requirements, since the untreated air delivered 
through tiie upper coil may be so high in relative humidity that it cannot 
sufficiently compensate for the nearly saturated air leaving the lower coil. 
A reheater could be placed if desired, to the right of the lower coil to bring 
the air in the lower chamber to the desired relative humidity. The 
simple arrangement of Fig. 2 is admirable in winter and, except where 
close control of relative humidity is important, may be acceptable in 
sununer. 

Another method of attaining temperature control in individual rooms 
with a year-round central air supply system is to install a booster fan 



Fio. 3. Abbanqbment fob Individual Room Tehpebatube Control with Central 

Air Supply System 

between the main air supply duct and the air delivery opening to each 
zone or room, as shown in Fig. 3. Air can then be delivered from the 
central supply fan through the main duct at some desired condition, for 
instance, 60 F, 45 per cent relative humidity. A double mixing damper 
near the intake opening of the booster fan, controlled by a thermostat in 
the room or zone that is served by the fan, is interlocked with an outlet 
exhaust damper in the spent air opening, so that as more of the room air 
is recirculated, and as less new air from the main air supply duct is de- 
livered into the room, the spent air outlet is throttled in proportion. In 
many large installations this principle is applied successfully for zoning 
different stories in multi-story office buildings, the main supply fan being 
on the roof, and each booster fan used for supplying the rooms of one 
orientation of each story. In other cases the booster fans serve only single 
offices and therefore are small enough to be concealed above ceilings along- 
side the main supply duct. 

There may be installations in which the use of recirculated air for mixing 
with new refrigereted and nearly saturated air to control temperature 
and relative humidity is objectionable. In such cases the general recircu- 
lation arrangements of Fig. 1 may be omitted, and the heat transfer coils 
located in the ducts may be used. In some cases where general recircu- 




Central Systems for Air Condittoning 


861 


lation is not acceptable, as for all the rooms in an entire building, use of 
the local circulation of Fig. 3 may solve the problem. 

APPARATUS DEW-POINT 

In ordinary practice, with commercial apparatus, complete saturation 
of the air is seldom obtained. Four-row finned cooling coils contact ap- 
proximately 80 per cent of the air, whereas six-row finned coils contact 
approximately 96 per cent of the air. In spray type dehumidifiers of good 
design the air leaves the dehumidifier at 1 to 2 deg higher wet-bulb tem- 
perature than the spray water leaving the dehumidifier, and the difference 
between the dry-bulb and wet-bulb temperatures leaving the dehumidifier 
may be as low as 1 deg. A spray type dehumidifier having sufficient 
length of spray chamber and density of spray, together with proper 
arrangement of nozzles, may approach saturation very closely. 

As explained in Chapter 3, the slope of the line on the psychrometric 
chart connecting the room condition with the apparatus dew-point on the 
saturation line, determines the ratio of sensible heat absorbing capacity 
to the moisture absorbing capacity of the supply air. Therefore the room 
condition can be maintained as long as the supply air temperature lies on 
this line, but a greater volume of supply air must be used to satisfy the 
room load if the cooling coil does not contact 100 per cent of the air. For 
a given room load, the same apparatus dew-point will be required whether 
the cooling appliance contacts all the air or only part of the air. 

From the point of view of satisfying the given cooling load require- 
ments, the air passing through the apparatus without being cooled below 
the dew-point temperature produces two effects : 

1. The air quantity which must be passed through the dehumidiher must be in- 
creased. Thus, if 20 per cent of the air passing is contacted, then 25 per cent (0.20 
0.80 X 100) more air must be used than would be necessary if all of it were contacted. 

2. Passing untreated air may change the room cooling load, which in turn may 
change the sensible heat factor. If return air only is passed through the dehumidi- 
fier or if room air only is by -passed, the room load would not change, but if some 
outside air is passed through, the room sensible heat gain and room latent heat gain 
will be changed due to the addition of untreated outside air, which changes the sensi- 
ble heat factor. When a load calculation is made, it is necessary to know the per- 
centage of air affected in the dehumidifier and calculation must be made accordingly. 

If the ventilation air is drawn through the dehumidifier before it goes 
into the room, only that portion of the air not saturated must be included 
in the room load for the purpose of determining the apparatus dew-point 
and supply air quantity. It should be noted when evaluating the load 
added by untreated outside air that the temperature difference between 
room air and outside air and the moisture content difference between 
room air and outside air should be used, rather than the difference between 
outside air and apparatus dew-point, since the rise from the apparatus 
dew-point to room condition is charged against the dehumidifier as the 
cooling and dehumidifying load. 

In winter, room relative humidities in excess of 30 per cent are seldom 
required in a system designed for comfort conditioning only, and a low 
saturating efficiency may be desirable, or even necessary, especially if the 
same volume of air is handled as in summer. With a spray type dehu- 
midifier the main sprays may be shut off and only the eliminators need be 
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flooded; which may give sufficient moisture. In other cases, such as 
those in which cooling coils are sprayed, the spray water supply may be 
throttled. If the saturation efficiency of the sprays is too low, the spray 
water may be heated. The amount of heat put into the spray water by 
open or closed water heaters will be equal to that required to bring the 
dew-point temperature of the air entering the sprays up to that required 
before entering the preheater. It is possible, where clean steam is avail- 
able, to introduce steam directly into the air stream to produce the desired 
dew-point temperature of supply air. However, the steam must be ex- 
ceptionally clean, or objectionable odors will result. 

It should be noted that the quantity of outdoor air to be introduced is 
affected by inflltration and leakage. Infiltration will reduce the quantity 
to be introduced by the system, while leakage may have to be offset by 
an increase in the quantity of outdoor air. 

COOLING LOAD 

The method of determining the cooling load for a conditioned space or 
spaces is outlined in Chapter 15. As pointed out therein, many of the 
items of heat gain are variable and do not reach their maximum values 
simultaneously. Proper consideration of these peaks and the avoidance 
of pyramiding these peaks in the cooling load calculations are stressed. 
Maximum solar heat gain on an east exposure is seldom coincident with 
the maximum outdoor wet-bulb. 

A large difference in the time-incidence of the peaks between various 
spaces or parts of the same space indicates the necessity for zoning. In 
a building having an east and west exposure where solar heat gain forms 
a fair share of the cooling load, the times of their individual peaks are 
apt to be some hours apart, and the peak load of one plus the off-peak load 
of the other will be substantially less than their combined peak loads. 
Proper zoning will permit operation to take full advantage of this con- 
dition or of similar conditions of non-simultaneous peaks and will result 
in a lower total load and in savings in equipment. 

A factor, similar in effect and closely related to the non-simultaneous 
occurrence of peak loads, is diversity. Typical of this is the case of a 
large department store where the air handling equipment serving a certain 
space must be sufficient to handle the load created by the throngs of 
people attending sales in that space. Under such a condition the number 
of people in other spaces is usually normal or below. While this means 
that the air handling equipment for certain departments must be large 
enough to cope with the situation, the refrigeration equipment need be 
only large enough to handle the average maximum. If a system employ- 
ing zone recirculating fans and a single central fan and dehumidifier were 
u^, the saving would be reflected in the capacity of the central fan and 
dehumidifier. Another example of this diversity is found in an office 
building having restaurants and stores of certain types in the first story 
and basement. At noon, when the restaurants and stores are crowded, 
the offices are below normal occupancy. 

Heat lag should be carefully considered in the cooling load calculations. 
In certain t3rpes of buildings the effect of solar radiation is still apparent 
several hours after the sun has shifted from that exposure. In other 
types having a much lighter construction, the heat gain due to solar 
radiation decreases markedly with the passing of the sim. Some walls, 
having been warmed by the sun, may r^iate heat long after the passing 
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of the sun, thus requiring lower inside temperatures to offset the radiant 
energy. 

Buildings have considerable heat storage capacity which can often be 
utilized to great advantage and which has more than once provided an 
unexpected safety factor. If a spaed is kept below the design inside tem- 
perature for some time, the interior walls, floors, furniture and fixtures 
begin to assume the temperature of the space. Where the time is suf- 
ficient, the entire mass rather than merely its surface may reach the room 
temperature. Thus, when a space has been precooled below the design 
maximum temperature for a period of time prior to the advent of the 
peak load, and the heat gain begins to increase the peak conditions, some 
of the increase is used in raising the temperature of the furniture, fixtures, 
etc., to the design conditions and the cooling load can be reduced accord- 
ingly. However, unless very accurate data with regard to the mass, sur- 
face, specific heat, etc., of the items within the space are available, due 
caution must be used in discounting the cooling load for this storage 
effect. In the absence of reliable data this allowance is often a matter of 
experience rather than calculation. 

Where air conditioning supply and return ducts pass through uncon- 
ditioned spaces, there will be a transfer of heat from these spaces to the 
air in the ducts, even though these ducts are well insulated. An allow- 
ance should be made for this heat gain and included in the heat estimate 
so that air can be supplied at a temperature low enough to offset the rise 
caused by this heat gain (see Chapter 41). There will also be some heat 
gain to the air in ducts passing through conditioned spaces, but since a 
cooling effect is produced in the space through which the duct passes, this 
is not a loss and usually can be compensated for by adjustment of air 
quantities between the various spaces. 

HEATING LOAD 

Methods of calculating the heating load are shown in Chapter 14. 
Many of the factors outlined previously under Cooling Load, such as 
zoning, non-simultaneous peaks, and diversity, apply in the reverse man- 
ner due to the heating requirements instead of the cooling requirements. 
However, these factors affect the heating load from the standpoint of 
control of inside conditions, over-all performance, and economy of opera- 
tion more than from a capacity of equipment standpoint. It is not only 
necessary to heat a building or space to its design conditions when there 
is but the merest fraction of normal occupancy, and when there are prac- 
tically no lights, internal heat, or solar radiation, but it is also necessary to 
provide capacity to heat the building quickly when sudden cold follows 
relatively warm weather, as may occur after a week-end or holiday shut- 
down. However, in normal operation during weds-ends and holidays, 
buildings are usually kept at a holding temperature to prevent the freezing 
of services. In many cases, less fuel is required to continue operation 
of the heating plant at a near-normal rate and maintain the building or 
space at a temperature of 60 to 65 F for some time than to shut the sys- 
tem down and then bring the temperature back to normal through 
forced operation of the heat generating equipment with a consequent 
loss in efficiency. 

AIR QUANTITY AND EFFECTIVE TEMPERATURE DIFFERENCE 

The difference between the room air temperature and the supply air 
temperature at the outlet to the room is known as the effective tempera- 
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ture difference^ In the^ theoretical case of a dehumidifier having 100 
per cent saturating efficiency and where this air is delivered directly to 
the room without temperature increases due to heat gain, then the effec- 
tive temperature difference is the difference between room temperature 
and apparatus dew-point temperature. If duct heat gains are considered 
a part of the room load, this still holds true. The apparatus dew-point, 
as outlined previously, is fixed by the latent and sensible loads of the 
space, but in many cases, it is desirable to deliver more air to the spaces 
than is indicated by the difference between the room temperature and the 
apparatus dew-point. 

It has been indicated that where a percentage of air is passed through 
the dehumidifier without being treated, the relationship is modified in 
direct proportion, and that if room air is passed through untreated, no 
effect on the heat balance results. Similarly, if room air is passed around 
the dehumidifier and mixed with the treated air the heat balance is not 
adversely affected. Therefore, if the quantity of air passed through the 
dehumidifier is determined by the usual methods, room air can be passed 
around the dehumidifier and mixed with the dehumidified air, increasing 
the supply air quantity and temperature and decreasing the effective 
temperature difference. Thus if the difference between the room tem- 
perature and the apparatus dew-point indicates that 10,000 cfm at 30 deg 
below room temperature will be required to hold conditions, that quantity 
can be passed through the dehumidifier and cooled to 30 deg below the 
room temperature, then mixed with 10,000 cfm of room air; resulting 
in a supply air quantity of 20,000 cfm and an effective temperature dif- 
ference of 15 deg instead of 30 deg. Air supply outlets and grilles that 
have a high induction ratio are available and cause a large amount of room 
air to be mixed with the air leaving the outlet within a short distance of 
the outlet through the induction effect of the air stream. A proper selec- 
tion of outlets may make it possible to introduce air at low temperatures 
and high velocities without causing objectionable drafts or cold spots, but 
care must be used to see that too little air motion is not a result. Low 
effective temperature differences may be required for this reason. While 
the use of a high effective temperature difference results in a saving in 
initial cost of fans and ducts and in the operating cost of fans, this differ- 
ence should be carefully considered. If the sensible heat load of a space 
is subjected to substantial variations, low effective temperature differences 
should be considered, since systems employing low effective temperature 
differences require less precision in controls. 

Reduction of air quantity by slowing down the fans for the winter season 
and increasing the temperature difference often is feasible. A saving in 
fan power can thus be effected, provided the air distribution remains 
adequate. 

Extremes should be avoided in all cases. For summer air conditioning, 
low supply air temperatures result in larger heat gains to the air passing 
through the ducts, as well as in poor control. Too high a supply air tem- 
perature may result in excessive initial and operating costs. Suggested 
limits for the effective temperature difference are from 12 to 20 deg; the 
actual selection being based on the requirements of the particular case. 
For winter air conditioning, too high supply air temperatures result in 
excessive heat losses from the ducts and stratification within the room 
unless thorough mixing is assured, while too low supply air temperatures 
may cause drafts, high operating costs, etc. Suggested limits are from 
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15 to 35 deg. There can be no set rule and each case should be judged 
according to its particular requirements of the installation. 

Beference may be made to Chapter 40 for further discussion of the most 
satisfactory design difference between the entering air temperature and 
volume in relation to the desired rooip condition. 

INDUCTION CONVECTORS— LOW PRESSURE TYPE 

Induction convectors, located in the room that is to be served, utilize a 
jet of conditioned air (or primary air) to induce a flow of room or secondary 
air which mixes with the primary air Fig. 4. The mixture is discharged 
into the room through a grille at the top of the convector. Heating coils 
are located in the secondary air stream. The output is controlled either 
by manually or automatically throttling the air jet. Heat may be sup- 
plied to the coil in summer as well as in winter. These induction con- 



vectors present several advantages. Since the secondary air stream is 
thoroughly mixed with the high velocity low temperature air stream 
before leaving the discharge outlet of the device, the resultant tempera- 
ture of the mixture is satisfactory even though the primary air is introduced 
at a temperature too low for ordinary methods of distribution. One of 
these devices usually is provided under each window in place of the 
customary direct radiator, and combines the air distribution system 
with the heating system. With a conventional system it may be necessary 
to provide supplementary heating in the form of direct radiation. Induc-^ 
tion convectors may be selected with heating coils having sufficient ca- 
pacity under gravity conditions (that is, with the fan system shut off 
and no primary air entering the device) to maintain the room at a reason- 
able temperature in winter. The use of low temperature, dehumidified 
air which has not been reheated or mixed with room air before delivery to 
the room may permit a reduction in fan capacity and the use of smaller 
ducts. In some cases a by-pass may be desirable in order to maintain 
the primary air volume and to provide additional control. This system 
can provide a degree of zoning that is usually difficult with conventional 
design since the air delivered by each unit can be controlled individually. 
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Selection of induction convectors should be made with due regard to noise 
level. The inductive capacity of the device increases with the jet velocity, 
but high jet velocities may result in objectionable noise. 

INDUCTION CONVECTORS— HIGH PRESSURE TYPE 

Another type* of induction convector Fig. 5 employs nozzles which 
produce a high velocity air jet without objectionable noise. The term, 
high pressure, is to some extent inaccurate, since the air pressure at the 
nozzles, while several times that used with a low pressure induction con- 
vector, is still less than the total resistance pressure of a conventional 
central system. The high velocity jet of primary air induces a flow of air 
from the room through coils located in the secondary air stream and 



Fio. 5. Induction Unit (High Pbebsubk Ttps) 

supplied with chilled water in summer and with hot water in winter. 
The chilled water removes a large portion of the sensible heat in summer 
and the hot water supplies the sensible heat loss in winter. The primary 
air is delivered at a sufficiently low dew-point to compensate for the 
latent heat gain in summer. In winter the primary air is supplied at a 
sufficiently high dew-point to take care of latent heat losses. Control of 
temperature is obtained by throttling the water quantity supplied to the 
secondary coil. The required flow of primary air is greatly reduced due 
to the fact that a portion of the sensible heat load is carried by the second- 
ary air stream. Since the primary quantity is small, very high velocities 
can be maintained in the supply ducts without requiring fan power in 
excess of that for a conventional system. Therefore, the supply ducts or 
pipes can be very small and can be run in chases, or furred in at columns 
along with the water pipes. The primary air is treated in the usual man- 
ner to reach the required dew-point and a surface or spray dehumidifier 
or a dehydrator may be used. The primary air quantity is sufficient 
for ventilation purposes and frequently consists entirely of outdoor air. 
The water piping for the coils can be so valved that hot water will be sup- 
plied to one zone that may require heating while cold water may be sup- 
plied at the same time to a zone that requires cooling. 
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This system usually is limited in application to hotels, apartments, 
office buildings and other multi-room installations having a lai^ perime- 
ter with relation to the floor area. The units usually are installed teneath 
the windows, replacing direct radiation or thermally-circulating enclosed 
convectors. Where the spaces to be conditioned .extend a considerable 
distance from the outer wall into the interior of the building, a separate 
system or zone for the conditioning of the interior portions may be required. 

EVAPORATIVE COOLING 

In climates where, on the hottest days, the outdoor wet-bulb depression 
is relatively great, it may be possible to dispense with refrigeration or 
other cooling sources by use of the evaporative cooling effect. A well 
designed air washer using recirculating sprays will reduce the entering dry- 
bulb temperature to witffin a degree or two of the entering wet-bulb condi- 
tion. Thus, it may be possible that, with air entering at 100 F dry-bulb, 
60 F wet-bulb, a leaving condition of 62 F dry-bulb, nearly saturated, can 
be obtained. Under some conditions of latent and sensible heat load, 
evaporative cooling may be adequate. 

At times when the outdoor wet-bulb temperature is not quite low enou^ 
to permit the use of straight evaporative cooling it is possible to use pre- 
cooling convectors with refrigeration, well water or a cooling tower as the 
basic source of sensible heat removal to reduce the wet-bulb temperature 
of the air before it enters the spray chamber. Where internal heat loads 
are high, this scheme may be more economical than one using return air. 
Where the required supply air dew-point is too low to permit straight 
evaporative cooling and where the sensible heat load is not too great, 
intentional partial saturation may be employed. That is, the low dew- 
point of the outdoor air is utilized by permitting some of this air to pass 
through the humidifying sprays untreated, or to by-pass the humidifier. 
All of these remarks with regard to evaporative cooling are based on the 
assumption that all of the supply air will be taken from outside. Provision 
should be made in most cases for the return of some air from the condi- 
tioned spaces for control purposes as well as for economy of fuel in winter. 

PRECOOLING 

Where sufficiently cold water from wells or streams is available, a saving 
in refrigeration may be obtained by the use, in location ahead of the de- 
humidifier, of precooling coils through which the cold water is circulated. 
The resultant cooling of the air decreases the load to be carried by the 
dehumidifier and refrigeration plant. In normal practice the water, after 
passing through the precooling coils may be further utilized in the refrig- 
eration plant condenser. The economic advantages of this scheme are 
apparent and it is frequently used. 

SENSIBLE COOLING WITH UNWETTED COILS 

Under favorable atmospheric conditions where a large wet-bulb depres- 
sion exists and the dew-point of the outdoor air is sufficiently low at all 
times, acceptable cooling may be obtained by removing only Ibe sensible 
heat from the outdoor air delivered to the rooms. Under this condition 
of a great wet-bulb depression, a temperature-reducing coil may be located 
in the air stream and supplied with water from a cooling tower. When 
humiffity control is desired, sprays to saturate or partially saturate the air 
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may be used down-stream from the unwetted coil. Saturation or partial 
saturation after the coil will reduce further the dry-bulb temperature and 
the air quantity required. This system has very definite application in 
hot dry climates. 


RUN-AROUND SYSTEM 

An interesting method of control is found in the use of combined re- 
heating and precooling usually termed the run-around system. Typically 
three coils are placed in series in the air stream. The primary one receives 
liquid that has been cooled in the third coil. The center coil is main- 
tained at a temperature colder than the dew-point of the air. The primary 
coil thus pre-cools the air and the third coil reheats the saturated air from 
the center coil. The third coil is heated by the relatively warm water 
coming to it from the primary coil. The run-around scheme has the 
advantage of permitting a higher supply air dew-point temperature than 
would be possible otherwise. This is due to the fact that continual re- 
heating is available, which is not a large penalty on the refrigeration plant 
since it provides prccooling at the same time. This reheating at peak load 
creates an artificial sensible heat gain which increases the ratio of sensible 
heat to total heat and for a given room temperature results in a higher 
apparatus dew-point. Thus, while the volume of supply air is increased, 
the low-side temperature level of the refrigeration plant is raised and this 
may effect savings in initial and operating costs. The run-around system 
has the disadvantage of providing a decreasing amount of heat for reheat- 
ing as the demand for reheating increases. 

SELECTION OF TYPE OF SYSTEM 

If the perimeter of the building is large with regard to the area, and if 
there are many rooms, induction convectors of either the low or high pres- 
sure type may be employed. Occasionally a dual system, one duct carrying 
air at a warmer temperature than the other, may be considered. 

Low buildings with large floor areas may be divided into sections or 
zones with separate central air supply systems to facilitate temperature 
control. In the case of large department stores it may be possible to pro- 
vide a single conditioner with a fan delivering the conditioned air to local 
mixing fans which supply the various departments or spaces. This appli- 
cation is limited by the practicability of running the large conditioned 
air ducts to the various recirculating fans. Each vertical section of the 
building also may be supplied by a separate fan delivering conditioned air 
to local mixing fans. In many cases the most economical and satisfactory 
scheme may be to employ a hot water or steam reheater in each branch 
duct to each room. Where vertical sectionalizing is not indicated, the 
building may be divided into horizontal groups, each handled by a central 
system and adequately zoned. In some large buildings, apparatus rooms 
for the systems may be located in the basement and in the attic and on 
intermediate floors. 

In high buildings the necessity for horizontal sectionalizing may be 
suggest^ by the size of air supply and return risers and by the extent to 
which they encroach upon usable space. Each story should be cut off by 
doors from other stories as otherwise the cool air tends to collect in the 
lower story and the warm air is forced to the upper story. 

Balconies and large lobbies in theatres and similar high rooms frequently 
justify the use of separate zoning fans, to counteract the tendency of the 
heavier, cooler air to collect at the lower levels of these spaces. 
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Fans operate at full capacity continuously in many systems and there- 
fore should be selected for good efficiencies. In winter when higher temper- 
ature differentials are used, it is sometimes practicable to deliver sm^er 
air quantities than when cooling. 

In climates where winter temperatutes fall below freezing, the tempering 
coils should be of the steam-distributing type ; or if they are heated by a 
liquid, this liquid should contain some anti-freezing substance such as 
ethylene glycol. If hot water is employed in cold climates, the temper- 
ature control of the air should be obtained through use of face and by-pass 
dampers rather than by throttling the valves, to prevent damage due to 
freezing. 

If zone reheaters placed in supply duct branches are employed, they 
should be of such type as to be heated over the entire surface so that no 
temperature-stratification can occur in the delivered air. Steam distri- 
buting-tube coils or mechanically circulated water coils are serviceable in 
such cases and throttling valves may be used. 

Refrigeration equipment must be carefully selected to satisfy the partic- 
ular requirements of each installation. For some small plants the evapora- 
tor may be placed in the air stream, when type of refrigerant and nature 
of occupancy permit. In many cases, chilled water coils are required by 
considerations of safety. Where low temperature and relative humidity 
are necessary, brine, often of calcium chloride, may be indicated. 

Condensing requirements must have economic analysis. Wells, public 
water service, cooling towers and evaporative condensers present possibili- 
ties for consideration. Condenser water may have a secondary use for 
roof sprays in hot weather, and is usually suitable for lawn sprinkling. 
Most health department rules in cities prohibit any connection from refrig- 
erant condensers that might permit the water to be used for drinking or 
lavatory purposes. 

Practically without exception, air cleaners should be provided for both 
outside and recirculated air. 

Control of temperature and of relative humidity by automatic means 
is vital, if comfort and economical operation of air conditioning equipment 
are to be attained. 

The insulation of ductwork is not merely a matter of economics but 
sometimes is a necessity from the standpoint of limiting the temperature 
change of the air between the conditioning apparatus and the point of 
final delivery. Such temperature change of the air should be taken into 
account when apportioning the air and sizing the ducts. When computing 
heating or cooling loads, due allowance must be made for the effect of any 
hot or cold ducts or pipes contained in the space under consideration and 
insulation must be incorporated where necessary or justified. Consider- 
ation must also be given to the possibilities of condensation of moisture 
on either the inside or outside surfaces of pipes, ducts, housings, fan encase- 
ments, etc., and insulation should be applied to prevent corrosion and 
water damage and to conserve refrigeration. 

The location of the apparatus room often is determined by building 
construction or available space. The closer the apparatus room is to the 
conditioned space, the less expensive are the ducts. If the equipment 
is noisy, it should be located at some distance from the occupied spaces or 
be provided with adequate sound and vibration treatment. The scattering 
of wet apparatus throughout a building is to be avoided unless suitable 
precautions are taken. It must be remembered that encroachment on 
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spaces that are otherwise usable can be charged against the system as an 
operating cost. 

In general, the apparatus should be arranged to have straight line air 
flow. Each change in direction is the cause of air resistance and, in addi- 
tion, elbows and offsets may cause eddy currents resulting in stratification. 
The usual order of equipment location, beginning at the outside air intake, 
is: weather hood of louvers, outside air dampers, return air connection, 
filters, tempering coils, cooling coils or sprays, by-pass connection with or 
without reheaters, reheaters, fan and distributing ducts. 

Screens at the intake prevent the entry of large foreign matter, birds, 
etc. A hood or louver at the outside air intake prevents the entry of rain 
and snow. Since in most climates there are many days during which use 
of 100 per cent outside air unheated or uncooled may be economical, the 
areas of all air-passing and treating apparatus should be large enough for 
such a volume, and the exhaust or spent air equipment should be capable 
of discharging out of doors, all of the air admitted. 

The by-pass connection normally connects the return air duct system 
with the apparatus casing between the conditioner and the supply fan. 
Usually the by-pass opening is sized to handle about 60 per cent of the fan 
capacity where a variable by-pass is used, though extreme load variations 
may require a larger size. It is at times good design to locate a reheating 
coil in the by-pass connection to permit using some by-pass air when heat- 
ing is required. Since the relatively high resistance of the cooling coil or 
spray is to be balanced by the heating coil and by-pass connection, enough 
heating surface can be provided to raise the temperature of the by-pass 
air to the point where the mixture of by-passed air and conditioned air 
will have the required temperature. When a variable by-pass is used, a 
damper working in opposition to the by-pass damper should be placed 
across the face of the dehumidifier, for unless the resistances of the two are 
carefully balanced at all operating points, the proper mixtures of air will 
not be obtained. Outside air that has not been dehumidified should not 
be by-passed around a cooling coil or spray dehumidifier if accurate control 
of the delivered relative humidity is desired. Where the by-pass is made 
a part of the dehumidifier or conditioner and is located on the top or side 
of it, the return air connection should be arranged so that stratification of 
return air is insured, baffles being provided to accomplish this purpose if 
necessary. Where return air and by-pass air connections are taken off a 
return duct system, it may be necessary to install a back-draft damper 
between the return air connection and the by-pass connection. When the 
by-pass damper is at maximum opening it may be much easier for outside 
air to pass through the return damper, into the return duct connection and 
through the by-pass than for return air to pass through the by-pass con- 
nection into the fan. Air tends to take the path of least resistance and, if 
the dehumidifier resistance is high, and if the return duct resistances are 
low, this situation is apt to occur. A recirculating air fan instead of a 
back-draft damper may be required for this case if the failure of return air 
to reach the dehumidifier or conditioner is a serious matter under reduced 
load conditions. 


LOCATION OF APPARATUS 

In general, the outside air intake, preheaters, and return air connections 
precede the conditioner, while the by-pass, reheaters and fan follow it. 
In the case of a blow-through system, where the fan is located ahead of 
the conditioner, the leakage of air at the conditioner is outward instead of 
inward and may be accompanied by water leakage. 
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The location of the complete apparatus assembly including the dehumi- 
difier will be dependent on the type of building, spaces available, structural 
characteristics, etc. The type of conditioner used may limit the location 
under certain conditions. Where cooling coils employing chilled water or 
brine as the cooling agent are used, there are few limitations with regard 
to location other than those of pumping power, worldng pressures, piping 
costs, etc. Where spray dehumidifiers are used, very definite limitations 
present themselves, and these may require certain extraneous equipment 
to make the system workable. If several spray type dehumidifiers are 
located on different levels, thus involving different water pressures, a surge 
or storage tank to which the return water from each dehumidifier can be 
taken is required. Should the water level in the pan of the dehumidifiers 
be low in relation to that of the surge tank, return water pumps will be 
required, and these pumps will have to be operated until the water supply 
lines are drained in order to prevent flooding of the lower dehumidifiers. 
Where spray dehumidifiers are on the same level, equalizing lines between 
the pans may be required if a storage tank is not provided. It is exceed- 
ingly important that water-tight drained floors shall be provided under all 
overhead cooling systems, since water condensed out of the air generally 
will be present and may damage the interior finish of the rooms below the 
apparatus. 

All of the various pieces of equipment from the outdoor air intake through 
the fan usually are connected together by sheet metal casings. Frequently 
the building structure or specially constructed walls or partitions may be 
used to form a portion of the casing. In any case the casing or connection 
must be sufficiently sturdy for the required duty. Sheet metal work must 
be well braced not only to prevent vibration under pulsations in air flow 
but also to withstand the abuse of normal usage. Casings should be 
braced wherever access doors are installed and all large panels should be 
adequately reinforced by structural steel. 

Accessibility for Service 

Each apparatus layout is to be made with accessibility in mind. Where 
cooling convectors are used, space for removing and repairing or replacing 
them should be provided. Adequate space is to be provided for the servic- 
ing and replacement of eliminators. Wliether these accompany sprays or 
wetted coils, filters must be so located that the proper cleaning, replace- 
ment or routine servicing can be accomplished without difficulty. Free 
access to the bearings of all moving machinery is a necessity. Provision 
should be made for the complete removal and replacement of any parts of 
the apparatus that are subject to wear, deterioration or damage, whether 
it may be filter, fanwheel, motor, pump, impeller or heat transfer surface. 

DESIGN PROCEDURE 

The customary design procedure is outlined herewith. For simplifica- 
tion the procedure is set up on the basis of a year-round system. For 
systems designed only for winter or summer, the unrelated parts may be 
omitted. 

1. Selection of design conditions (inside 
and outside) . 

a. Summer. 

b. Winter. 
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2. Detennination of outside air require- 

ments. 

3. Determination of cooling load. 

a. Room sensible heat gain. 

b. Room latent heat gain. 

c. Room total heat gain. 

d. Grand total heat gain. 

4. Determination of heating load. 

a. Room sensible heat loss. 

b. Room moisture loss. 

c. Humidification requirement. 

d. Total heating requirement. 

5. Determination of apparatus dew- 

point and dehumidified or humidi- 
fied air quantity. 

a. Summer (full load and part load). 

b. Winter. 

6. Supply air temperature difference and 

quantity. 

a. Summer. 

b. Winter. 

7. Equipment selection. 

8. Equipment layout. 

The foregoing steps are merely typical. Many applications will require 
at least a preliminary investigation of some of the latter steps before pro- 
ceeding with the earlier steps. A permanent record of all design assump- 
tions and computations should be made and preserved for comparison with 
the performance of the installation. 



CHAPTER 44 

OWNING AND OPERATING COSTS 


Fixed Charges: Amortization, Interest, Taxes, Insurance, Rent; Maintenance Costs, 
Service Costs: Operating Refrigeration Equipment, 

Condenser Water, Heating 


T he purpose of this chapter is to discuss the owning and operating 
costs of heating, ventilating, air conditioning and refrigeration systems 
for buildings from an economic standpoint so that owners or prospective 
purchasers may compare the operating economics of one system with 
another and evaluate properly the over-all costs of the systems instead of 
considering only the first cost. 

There are cases in which it may be desirable to study the possibilities 
of installing a system for the purpose of obtaining a substantial increase 
in income or a better return on the investment due to : increased patronage 
in theaters, stores, or hospitals; increased occupancy in office buildings; 
improved efficiency of employees in offices or factories ; or improvement in 
a manufactured product or a decrease in its cost of production. 

Owning and Operating Costs may be grouped under three headings: (1) 
Fixed Charges, (2) Maintenance Costs, and (3) Service Costs. 

FIXED CHARGES 

Fixed Charges, which are the costs of owning the S 3 rstem, include: (1) 
Amortization, (2) Interest, (3) Taxes, (4) Insurance, and (5) Rent. 

Amortization 

Amortization cost will depend on: (1) the total first cost, and (2) the 
amortization period. 

The total first cost of an installation is the actual dollar outlay or capital 
expenditure required to buy and install the air conditioning, or heating 
and ventilating system ready for operation. It can be divided into two 
parts : (a) The first cost of the air conditioning or heating and ventilating 
system itself, and (6), other first costs incurred because of the installation 
of the air conditioning or heating and ventilating system. 

The first cost of air conditioning or heating and ventilating systems in- 
cludes the following: 

1. Heat producing equipment including boilers, burners, etc. 

2. Heat distributing equipment including direct radiation, piping, etc. 

3. Air handling equipment including fans, air heaters, air conditioners, filters, 
controls, etc. 

4. Air distributing equipment including ducts, outlets, grilles, etc. 

5. Refrigerating equipment including piping, pumps, etc. 

6. Water conservation devices including towers, evaporative condensers, etc. 

The best procedure for establishing the first cost of any system is to 
select the various parts after thorough engineering study, and then to esti- 
mate the installed costs of same. J^en such detailed work is not war- 
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ranted or when only rough comparisons are desired between several types, 
approximate unit costs are of value as time savers. 

Approximate installed prices of the various parts are shown in Tables 
1, 2, and 3 and, as indicated, vary with the size or capacity of the equip- 
ment. The apparatus and items included in each group are stated in the 
footnotes beneath the tables. By use of the^ three tables it is possible 
to obtain a reasonable approximation of the cost of heating or air con- 
ditioning a given space or building. In order to use the approximate 
values indicated in Tables 1, 2 and 3, a rough estimate of the load is re- 
quired. If time does not permit a determination of the load and if ex- 
tremely rough figures will suffice, Table 4 may be used as an indication of 
the price of various t3q>es of air conditioning applications. 

Other first costs^ incurred because of the installation of the air condition- 
ing or heating and ventilating system, include costs of electrical work, 
plumbing, miscellaneous piping, building alterations, cutting, patching, 
remodeling, or redecorating after installation, consulting engineer’s fees, 
licenses, permits, etc. These vary so widely that no approximations are 
possible and each case must be considered alone. 

The length of the amortization period to be used depends upon : the type 
and remaining life of the building or space for which the system is to be 
used ; the type of equipment to be employed as a part of the system ; the 
character of the business; and the lease or ownership conditions. For 
small shops in rented quarters on short term leases, a period of 5 years or 


Table 1. Typical Installed Costs op Heat Pboducing and Heat Distributing 

Systems 


Btu 

PER 

Hour 

(MiLUOMf) 

SqFt 

EDR 

(Steam) 

Thousands 

Boiler 

Horse 

Power 

Cost in Dollars->per Million Btu per HouRs>b 

1 

2 

3 

4 

BoaERS 

Water 

Tuee 

Boilers 

Fire-Tube 

Hot Water 
System 
Forced 
Circula- 
tion 

Direct 

Radiation 

System 

Steam 

0.8 

3.3 

24 


2100 

8500 

7850 

1.2 

5.0 

36 

2300 

1750 

8200 

7600 

1.6 

6.6 

48 


1570 


7350 

2.0 

8.3 


1850 

1460 

7800 

7200 

3.0 

12.5 


1600 

1230 

7600 

7000 

4.0 

16.6 

119 

1400 

1100 

7500 

7000 

5.0 

20.8 

149 

1250 

980 

7500 

7000 

6.0 

25.0 

179 

1160 



7000 

7.0 

29.2 


1100 



7000 

8.0 

33.3 

239 

1050 


7500 

7000 

10.0 

41.6 

299 

1000 


7500 

7000 

12.0 

50.0 

358 

970 


7500 

7000 

14.0 

58.3 

418 

930 


7500 

7000 

16.0 

66.6 

478 



7500 

7000 

18.0 

75.0 

538 

860 


7500 

7000 


* Columns 1 and 2 include hand fired boiler erected, with shaking grates and standard trimmings, Column 
1 includes brickwork and rotating soot blowers. Foundations and piping are not included. 

Columns 3 and 4 include direct radiation, piping, valves, specialties, and insulation. Boilers, condensate 
and circulating pumps, boiler connections, and all building construction or alterations are not included. 

^ The approximate figures given above may vary as much as 30 per cent due to job conditions, labor rates, 
and locality. These figures represent the selling prices of the individual items indicated above based on costs 
encounterra in the year 1040. It is suggested that oorrectiop l;>e made according to the particulnr locality for 
increases in labor and material costs since that year. 
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Tablb 2. Atsbagb Installed Costs or Forced Aib Heating and 
Aib Conditioning Appabatgs 


CFM 

Supply 

Am 

(Thouiands) 

Cost pis CFM— DollarsA 

1 

2 


4 

Am 

Conditioning 

Equipmbnt* 

Heating and 
Ventilating 
Equipment^ 

Ducts 

Office Blogs.« 

Ducts 

Specialty Storess 

5 

0.300 

0.210 


0.250 

10 

0.270 

0.180 


0.249 

15 

0.250 

0.155 


0.247 

20 

0.235 

0.140 


0.245 

80 

0.220 

0.120 


0.240 

40 

0.210 

0.110 

0.340 

0.235 

60 

0.210 

0.110 

0.330 

0.230 

80 

0.210 

0.110 

0.325 


100 

0.210 

0.110 

0.320 


120 

0.210 

0.110 

0.310 


140 

0.210 

0.110 

0.305 


160 

0.210 

0.110 

0.205 


180 

0.210 

0.110 

0.290 


200 

0.210 

0.110 

0.280 



* Atr conditioning equipment includes fans and drives, filters, heaters, spray dehumidifiers or 
automatic controls, apparatus casings and insulation, and recirculating pumps. 

” Heating and ventHating equipment includes fans and drives, filters, heaters, automatic controls and ap- 
paratus casings 

* Includes ducts, grilles, outlets, insulation where required and specialties. 

* The approximate figure given above may vary as much as 35 per cent due to job conditions, labor rates 
and locality. Figures are based on conventional systems. Building alterations, piping, plumbing and wiring 
are not included. These figures represent the selling prices of the individual items indicated above based on 
costs encountered in the year 1940. It is suggested that correction be made according to the particular locality 
for increases in labor and material costs since that ycox. 


Table 3. Average Installed Costs op Refrigeration Systems and Water 

Saving Devices 


CoiY— Dollars Pbk Tons 


Tons 

Refrig- 

eration 

1 

2 

3 

4 

6 

6 

REaPRO- 

cating 

(Water 

Cooling)* 

Centrifugal 

(Water 

Cooling)* 

Recipro- 
cating 
• Direct 

EXPANSIONb 

Evapo- 

rative 

Condensers 

Cooling 

Tower 

STEELd 

Cooling 

Tower 

WOODd 

25 

147 


106 

47 




132 


86 

40 



75 

125 


77 

35 



100 

120 


72 

32 

47 

40 

150 

115 

137 

68 

30 

45 

38 


113 

124 



44 

36 

250 

110 

115 



42 

35 

300 


107 



40 

33 



97 



38 

31 

500 


98 



36 

29 


* Columns 1 and 2 include compressors, evaiMrators, and water-cooled condensers; auxiliaries; e'ectric 
motor, starter and drive; refrigeration piping, refrigerant and insulation of cooler and suction lines. Turbine 
driven centrifugal equipment may cost about 4 to 6 per cent more than motor driven, if condensing turbine 
and steam condenser, with supplementary equipment, are used. 

° Column 3 includes same items as Column 3 except evaporator and auxiliaries are omitted. 

^ Column A—These values are additive to Columns 1 and 3. 

” Columns 6 and 6 include towers erected and a reasonable allowance for condenser water piping and pumps. 

* The approximate figures given above may vary as much as 25 per cent due to job conditions, lalw rates 
and locality. Building alterations, suoply water and plumbing connections, wiring, dbuUed water piping 
and pumps are not included in these naures and may vary widely. Chilled water piping and pump costs 
may vary between $10 and $50 per ton of refrigeration effect. These figures represent the selling prices of the 
individual items indicated above based on costs encountered in the year 1940. It is suggested that correction 
be made according to the particular locality for incraases in labor and material costa since that year. 


















Table 4. Approximate Costs of All-Year Air Conditioning*'** 
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less may be proper, whereas for larger installations in buildings that are 
owned outright a period of 10 or 20 years or more may be used. 

Depreciation due to deterioration and obsolescence must also be con- 
sidered in arriving at the amortization period. Deterioration and mainte- 
nance generally go hand in hand. If a long depreciation period is to be 

Table 5. Approximate Life of Equipment 
(Including Obsolescence and Deterioration)^ 



* Modern Air Conditioninf, Heating and Ventilating, W. H. Carrier, R. E. Cherne and W. A. Grant (Pit» 
man PtMiahing Carp, 1940, p. 06). 


used, then the item for maintenance, repair and replacement of wearing 
parts must be greater than for a short depreciation period. 

Obsolescence depends mainly on time required for the equipment to 
become out-moded. Air conditioning, particularly, would probably suffer 
more from obsolescence in small plants than in large establishments. In 
addition the obsolescence of the building or property in which the equip- 
ment is installed may have a similar effect upon the equipment. 
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An approximation of the useful life of various items of equipment and 
parts of systems is ^own in Table 6. It should be noted that if an appro- 
priate maintenance item is not established, the rate of equipment deteriora- 
tion may be substantially increased. 

Interest 

The interest chargeable may not represent the existing money rates. 
It may include an item to cover the diversion of capital or other items 


Table 6. Owning and Operating Cost 


Fimst Cost 


Annual Service Cost 


Cost of mechanical system. 

Other costs......... .... 


Electric Power Costs 

Fans.... .... 


First Cost (FC) — ^Total.. 


Pumps— Chilled water.... 




Pumps — Condenser water.. 

Pumps — Well water 

Cooling tower fans 

Cooling tower pumps 

Refrigeration machines. 


Annual Fixed Charges 


Amortization — Depreciation 
period Y year* 




Interest rate 1% 




Amortization and Deprecia- 
tion 

FC _ 


Oil — ;for boilers or Diesel 

engines... , .... 


Steam 

For direct heating... 

For Ventilation — preheat- 
ers .... 


Y 

Interest: X I ■■ 

Tiivpa 


For Ventilation — reheaters 
For Turbine driven equip- 
ment 


IniiurRnf^ 




■■MM 

Annual Fixed Charges: 

(Total)........... 


For Engine driven equip- 
ment 


Sewers 

Charges for discharging 
well water into public 

drainage systems. 

Annual Service Costs — 
TOTAL. 




Annual Maintenance Costs 


Lubricating oil and grease. — 




Painting tor corrosion pro- 
tection or other purposes. 


SUMBCARY 


EVCMlSaXillCIl V H gJcla ■■ 

Rei rigerant ............. ... 


Annual Fixed Charges 


Wages of engineer or operator 
Annual Maintenance Cost — 

TOTAL. 


Annual Service Costs.......... 



Annual Maintenance Costs 
Annual Ownine and Oper- 
ating Costs — TOT AT. 







depending on existing tax laws which may make it necessary to charge 
interest due to diversion of capital as a cost item. It should be noted that 
interest may be based on an unamortized balance. As an example, a 15 
year amortization period with a 4 per cent interest rate will approximate a 
2.1 per cent average annual interest rate. 

Taxes 

The taxes chargeable will be the proportion of property tax caused by 
the increased valuation of the property due to air conditioning. 
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Insurance 

The rate for insurance may vary considerably depending on the type 
of structure in which the equipment is located and upon other governing 
factors. A rate of about $0.60 per ^1,000 may be considered as being 
representative for normal installations. 

Rent 

If the equipment under consideration is to be located in rented or leased 
quarters it may be necessary to include an item for space rental. 

An orderly arrangement of the various components of owning and oper- 
ating costs, which will also serve as a check list to forestall inadvertent 
omissions, is illustrated in Table 6. The formulas for computing amortiza- 
tion and interest are given in the table. Interest should be computed on 
the undepreciated portion of investment only. 

MAINTENANCE COSTS 

Maintenance costs include replacement parts and the labor required for 
making repairs, replacing parts, cleaning, painting, etc. It should be noted 

Table 7. Approximate Maintenance Cost for Large Air Conditioning 
Installations, Using High Quality Equipment 



Dollars pbr Ton 
PBR Ybar 

Rmsiinf for fn?ichi*^ery. ....... ............ 

0.60 

R^frigerantrxT.. 

0.25 

Oil And grpAfifk _ 


Painting (Water boxes and dehumidifiers) ... rV. 


Filters, clean and reoil 4 times per year 

0.85 

Controls, outside service 

0.15 

Cleaning air conditioners. : 

1.15 



that major overhauling or complete replacement may restore the capital 
value of. certain items of equipment, and in such cases the costs incurred 
may not necessarily be charged as maintenance costs. Generally, routine 
labor requirements will be the function of an operating engineer or staff 
and the responsibility of this group may extend beyond the equipment 
being discussed here ; hence, it is important to include only an equitable 
share of the time of this group. Extraordinary repairs involving special 
machinery will usually be covered by contract with equipment service divi- 
sions and should be accounted for on that basis. 

Many of the items included in maintenance costs are highly variable 
and depend on the type and quality of the purchased equipment. For 
large air conditioning installations, using high quality equipment, some 
approximate costs per ton are given in Table 7. 

In addition to the costs listed in Table 7, consideration should possibly 
be given to other items such as : water treatment for boilers ; other boiler 
and heating plant cleaning and repairs ; repair and replacement of heating 
plant valves, traps, and vents ; water treatment for cooling tower or chilled 
spray water; drive belts, possible damage due to freezing weather; cleaning 
of air ducts ; and repairs to insulation. 






Tablb 8. Equivalent Full Load Operating Hours of Refrigeration Equipment Used for Summer Cooling 

May 15 to Oct. 15» 
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•Modem Air Conditioning. Heating and Ventilating, by W. H. Carrier, R. E. Cheme and W. A. Grant {Pitman Publishing Carp, 1940, p. 73). 
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SERVICE COSTS 

Service costs include the costs for power, water, steam, coal, oil, etc., 
consumed to operate the system. 

From the selected equipment and J^ype of installation, it is possible to 
segregate the relatively constant power loads and the total brake horse- 
power. Annual power cost can then be figured from the following formula : 


annual power coat 


0.7 46 (bhp) H R 


( 1 ) 


where 

bhp Brake horsepower. 

H = Annual operating hours. 

R = Power rate, dollars per/kwhr. 

•n = Motor efficiency (decimal). 

In using Equation 1 it must be pointed out that the electric rate, R 
must reflect the proper combination of energy and demand rates. These 
vary widely between the utility companies, and sometimes the rate struc- 
ture is such that it is largely the demand charge which determines the 
proper value of R to use in Equation 1. 

Refrigerating Equipment Operating Cost 

In an air conditioning system, the refrigerating equipment is usually the 
largest power-consuming item to be considered. Also, the prediction of 
operating cost is more complex, since the power required for summer cool- 
ing is affected by many factors which are of a variable nature. Among 
these are solar radiation, temperature difference between outside and in- 
side, sensible and latent heat brought in with outside air, sensible and 
latent heat from people, heat released by electric lights, and, in some cases 
motor-driven equipment, cooking devices, and other equipment used in 
the conditioned spaces. Some of these factors vary with the weather while 
others are substantially independent of it. The relative proportion of each 
factor varies widely even among installations of the same application, 
depending on building layout and location, the size and quality of the 
establishment, the personal idiosyncracies of the owrner, and other items. 

In a strict sense, it is necessary to evaluate the effect of all such factors 
in order to predict the operating cost of a refrigeration plant. In most 
cases this procedure will prove to be too tedious, or it may not be possible 
because the exact breakdown of load data is unknown. The use of a 
simplified semi-rational formula, Equation 2, w^hich takes into account for 
each application the number of hours open for business and the geographical 
location, will provide a value of H which may be used in Equation 3 to 
determine the Season Power Cost. 

jy. - m (6 + c/) (2) 


where 

//• >■ Equivalent full load operating hours of refrigeration equipment used for 
summer cooling during period May 15 tb October 15. 
m *■ Total hours during period May 15 to October 15 that the establishment is 
open for business. 

h •" Fraction of maximum load from internal heat under average operating con- 
ditions. 
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c "B Fraction of maximum load which is due to exiCfnai sources at maximum 
design conditions. 

/ Ratio of the number of hours for a particular city, when the outside wet-bulb 

exceeds 65 F, during the period June 1 to October 1 to the total number of 
hours during that same period. Total hours are assumed as 8 hr per day 
period for barber shops, department stores, funeral parlors, offices, short 
hour restaurants, and specialty shops and 12 hr per day period for drug 
stores, long hour restaurants, and theaters. 

Table 8 was calculated from Equation 2. It should be pointed out that 
certain southern cities may have seasons longer than the 5-month period 
indicated in Table 8. If it is desired to consider a longer season of opera- 
tion, the ratio of full load operating hours to hours open for business is 
smaller ; in other words, the refrigeration load factor is lower. This is true 



Fig. 1. Typical Brake Horse Power Requirements for Refrigeration* 

* Values given are representative of reciprocating machines of about 25 tons capacity in air rrn- 

ditioning applications. Requirements of smaller machines are usually higher, and for larger machines may 
be lower, v^ues shown are for liquid refri^rant at condenser temperature (no subcooling). Subcooling of 
the liquid may decrease these values approximately 0.3 per cent to 0.5 per cent for each Fahrenheit degree the 
liquid temperature is lowered. 


because the extra increment of days added will be at relatively light load, 
since the table already includes the more severe part of the season. 

The season electrical power cost for refrigerating equipment is then given 
by the following equation : 


Season power cost 


0.746 (bhpt)rH,/e 

V 


(3) 


where 

bhpt ' Brake horsepower per ton (see Fig. 1) for average load during period. 
(Due allowance should be made for poorer compressor efficiency at light 
load.) 

“ T '• Tons df refri^raUnph Rt maximum design load. 

/fe Equivalent full load refrigeration operating hours (Table 8) . 

' ft ' Power cost, dollars per kwhr, including demand and energy charges. 
Motor efficiency at average load (decimal). 
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Table 9 will be useful in estimating the design load in the absence of 
detailed load estimates. 

In considering refrigeration power consumption, it should be noted that 
the use of weather records for a specific year may lead to large inaccuracies 
in estimating operating costs, since {here may be -wide variations from 
year to year, and therefore, average yearly weather records should be used 
rather than those for any individual year. 

If the refrigeration compressor is steam turbine driven, the same general 
method can be followed, taking into account average water rate per brake 
horse power-hour and the cost of steam. 

Condenser Water 

Condenser water cost estimates can also be based on equivalent full load 
operating hours of the refrigeration equipment. The varying temperature 
of the water at its source, as well as the temperature of the discarded water, 
must however be taken into account. In general, when water is purchased, 
control is provided to hold the leaving water temperature (or condensing 

Table 9. Representative Tons per 100 Sq Ft for Various Applications 



Low 

Avg 

High 

Department Store (Main Floor) 

0.50 

0.58 

0.67 

Department Store (Upper Floors) 

0.29 

0.46 

0.54 

Dress Shop..... .... «... 

0.29 

0.50 

0.71 

Drug Store.^ 

0.33 

0.54 

0.83 

Lunch Room.. 

0.83 

1.08 

1.33 

Office Bldg. 

0.21 

0.25 

0.38 

Restaurant 

0.58 

0.75 

1.00 

Shoe Shop. 

Theater (Tons per Seat) 

0.29 

0.42 

0.63 

0.Q64 

0.078 

0.093 


temperature) constant; and in such case the entering water temperature 
becomes the major variable and the gallons per minute per ton can readily 
be calculated for any water temperature rise. 

The following equation for cost of condenser water is useful : 

B = 0.060 a T Ho C (4) 


where 

B = Cost of water for refrigeration during period, dollars. 

a s Average gallons per minute (ton). 

T = Tons of refrigeration at maximum design load. 

Ho » equivalent full load refrigeration operating hours (Table 8). 

C « Water cost, dollars per 1000 gal. 

The average gallons per minute per ton must take into account the 
variable water temperature. When well water is used as a source, and 
entering and leaving temperatures are considered constant, the average 
gallons per minute per ton obviously is equal to the design gallons per 
minute per ton. However, when the source is river or lake water, its max- 
imum seasonal temperature will generally be reached at the same time that 
the refrigeration load factor is highest. The average gallons per minute per 
ton should be calculated from known or estimated water temperatures be- 
cause they vary through the season. Maximum water main temperatures 
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are given in Chapter 37 but should alwajrs be verified locally. In lieu of 
this tedious work, the average gallons per minute per ton may be taken as 
80 per cent of design gallons per minute per ton with reasonable accuracy, 
for the condition of variable temperature of entering water obtained from 
rivers and lakes. 

When cooling towers or evaporative condensers are used, the windage 
and evaporation losses are usually between 3 per cent and 5 per cent of the 
water circulated. 

Heating 

The method of estimating fuel consumption to balance the building heat 
loss is given in Chapter 20. It is important to include the fuel required 
to heat ventilation air as used in ventilating and air conditioning systems. 
In estimating fuel consumption for ventilation air, the tendency of the 
conventional control systems to use less than the estimated quantity of out- 
side air in cold weather should be considered in its effect in lowering fuel 
consumption. In addition, the heat required to accomplish winter humi- 
difj^g must not be neglected, when this feature is included in the 
equipment. 
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CHAPTER 4S 

INDUSTRIAL AIR CONDITIONING 

* 

General Requirements; Typical Applications in Storage and Processing: Air Quality 
Control, Control of Moisture Content and Regain, Conditioning and 
Drying, Control of Rate of Chemical and Biochemical Reactions, 

Control of Rate of Crystallization, Elimination of 
Static Electricity; Calculations 

I NDUSTRIAL air conditioning is as much concerned with the atmos- 
pheric conditions required for maintaining the health, safety and effi- 
ciency of workers as with those required for the manufacture, processing, 
and preservation of material, equipment and commodities. 

GENERAL REQUIREMENTS 

Specialists in the field of industrial hygiene should be consulted in case 
of doubt concerning the presence of airborne industrial hazards to health. 
Chapter 10, Air Contaminants, Chapter 12, Physiological Principles, and 
Chapter 13, Air Conditioning in the Prevention and Treatment of Disease, 
will be of help in determining the atmospheric conditions which should be 
maintained around the worker. Comfortable conditions are desirable 
because they are likely to increase the efficiency of workers. 

Table 1 lists the temperatures and relative humidities required for 
storage of certain commodities and for manufacturing and processing of 
others. The desirable relative humidity may range from a low of 6 per 
cent in certain industrial applications, such as insulation winding proc- 
esses, up to a condition approaching saturation, as in processes relating 
to textile, tobacco and baking industries. Relative humidities of 50 per 
cent or less are on the dry side and are conducive to low regains in hygro- 
scopic materials, drying out, increased brittleness of fibrous materials, 
increased static electricity, and tendencies toward increased dust libera- 
tion from the product. Plelative humidities higher than 50 per cent are 
considered to be on the damp side. These conditions are conducive to 
high repin, promote softness and pliability in materials, decrease static 
electricity and tend to reduce the generation of product dust. 

The most favorable temperature will vary according to the specific 
material and particular process. In some cases the temperatures listed in 
Table 1 have no direct influence upon the product itself but do affect the 
efficiency of employees, which in turn affect workmanship, uniformity and 
the cost of production. Frequently a compromise between the Imown 
optimum condition for processing and that required for worker comfort is 
unavoidable. 

In many processes, the optimum air conditions are variable according 
to the stage and progress of the processing cycle from the raw material to 
the finished product. Some materials, such as cotton textiles, begin with 
a loAv relative humidity in the carding and picking rooms, and after passing 
through the various intermediate steps with a gradual increase of relative 
humidity, are subjected to relative humidities of from 75 to 85 per cent in 
the final stage of weaving. Other processes are encountered that require 
the reverse of this procedure, starting with a high relative humidity and 
finishing with a low relative humidity, as in the manufacture of glue and 
gelatinous materials, and making various types of gelatine capsules. 
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Table 1. Tbmpbkatckes and Humidities Applicable to Industrial Air 

Conditioning 


iHDHtXlTt 

Fbocih 

TlimRATURB 

Fahrenheit 

DsaRBES 

Relatiyb 
Humiditt 
Per Cent 

Automobile 

Assembly line. 

Precision parts — honing — machining. 

65 to 80 
75 to 80 

40 to 55 
40 to 55 

Raittk^ 


70 

75 

32 to 40 
70 

75 to 80 
75 to 80 
80 

90'to 95 
65 to 75 
32 to 45 

50 

65 

76 to 80 
76 to 85 
60 to 70 
55 to 70 
55 to 70 
55 

80 to 90 
55 to 65 
60 to 75 




■ilB ■ 1 

Biological 
Products 

Vaccines 

below 32 
38 to 42 
38 to 42 
36 to 40 

60 to 65 

Antitoxins. 

Blood bank. .. 


Penicillin (dehydrated) 

Brewing 

Fermentation in vat room 

Storage of grains 

44 to 50 
60 

’>n 

30 to 45 


Drying of auger machine brick. 

Drying of refractory shapes 


50 to 60 
60 

35 to 65 

Ceramic 

Molding room 

Storage of clay 

CnEMICAl 

Gf»neral storage 

60 to 80 

35 to 50 



Confectionery 

Chewing gum rolling 

Chewing gum wrapping 

Chocolate covering 

Hard candy making 

Packing. 

75 

70 

62 to 65 
70 to 80 
65 

75 to 85 
60 to 68 

50 

45 

50 to 55 
30 to 50 
50 

50 

50 to 65 

Starch room 

Storage 



General manufacture 

60 to 75 
60 

45 to 65 
30 to 45 

Distillery.... 

Storage of grains 


Deliquescent powder 

Effervescent granulations 

Liver extracts (powdered) 

75 

80 

70 

70 to 80 
70 to 80 
80 

35 

40 

20 to 30 
30 to 35 
40 

40 

Drug 

Storage of powders and tablets 

Tablet compressing — 

Packaging 


Electrical 

Insulation winding 

Manufacture of cotton covered wire.....'... 

Manufacture of electrical windings 

Storage of electrical goods 

104 

60 to 80 
60 to 80 
60 to 80 

5 

60 to 70 
35 to 50 
35 to 50 

Food. 


60 

40 

60 to 70 
70 to 80 
40 

60 

60 

60 

38 

38 

80 

45 

Ai^injijlll 

31 to 34 
32 

30 

0 to 5 

36 

80 

75 to 85 
80 

80 

85 

85 

35 


Fur. 

Drying of furs ... 

no 

50 to 65 


Storage of furs. — 

28 to 40 
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Table 1. Teuperatcres akd Humidities ApI^licabLE To Industrial Air 
Conditioning — (C oncluded) 


iNDuantT 

Psocuab 

* 

Tbupbhaturb 

Farmnhbit 

Dbobbbs 

Rblativb 

HuifiDirr 

FbbCbmt 

Incubators 

Chicken 

99 to 102 

55 to 75 

Instruments 

Repair and calibration 

68 

50 to 55 

Laboratory 

General analytical and physical. — 

Storage niat^^riala 

60 to 70 
60 to 70 

60 to 70 
35 to 50 


Leather 

Drying of hides 

M ulling. ......... .... .... 

90 

95 to 100 

95 



Ltbrarv 

Bnnk stnrag<> 

65 to 70 

38 to 50 



Linoleum 

Printing 

80 

40 

Matches 

Manufacturing. 

72 to 74 

50 

Storage of matrhpfi 

60 


MlJNTTinNS , 

Fusp loading 

70 

55 



Paint 

Air drying lacquers 

Baking lacquers 

Air drying of oil paints 

70 to 90 
180 to 300 
60 to 90 

25 to 50 

25 to 50 

Paper 

Binding, cutting, drying, folding, gluing.. 
Storage of paper 

60 to 80 
75 to 80 
60 to 80 

40 to 60 
40 to 60 
55 to 65 


Testing Laboratory. 


Development of film 

Drying 

70 to 75 
75 to 80 
70 

72 

60 

50 

70 

65 

Photographic 

Printing 

Cutting 



PRiNTiNr: 

Binding 

Folding - 

n 

45 

65 

60 to 78 
50 to 60 
50 to 55 

Press room (general). 


Press room (lithographic) 

Storage of rollers. — 

Rubber 

Manufacturing 

Dipping of surgical rubber articles 

Standard laboratory tests .’. 

Cementing 

on 

75 to 80 
80 to 84 
80 

25 to 30 
42 to 48 
25 to 30 


Drying 

no 

70 


Tevtti.r 

Cotton — carding 

combing 

75 to 80 
75 to 80 
75 to 80 
60 to 80 
68 to 75 
70 

70 

75 to 88 
75 to 80 
75 to 80 
75 to 80 
75 to 80 
75 to 80 
75 to 80 
75 to 80 
70 

50 to 55 
60 to 65 
50 to 60 
50 to 70 
85 

85 

60 . 

60 to 75 
60 to 65 
65 to 70 
65 to 70 
60 to 70 
65 to 70 
55 to 60 
50 to 55 
65 

roving 

spinning 

weaving 

Rayon — spinning 

throwing... 

weaving. 


Silk — dressing. 

spinning 

throwing... i 

weaving 

Wool — carding 

spinning 

weaving 

Testing Laboratory. 

TniiArrn . 

Cigar and cigarette making 

Softening 

70 to 75 
on 

75 to 85 

55 to 75 
85 

70 


Stemming or stripping. 
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Safeguarding the health, safety and efficiency of workers requires con- 
trol of dusts, fumes, smokes, mists, fogs, vapors, and gases, and control of 
the effective temperature, which includes temperature, humidity and mo- 
tion of air about the worker. 

CSreneral ventilation may be relied upon in some cases to control air con- 
taminants. Chapter 9 gives information on natural ventilation. If 
mechanical ventilation is to be used, Chapter 32, Fans ; Chapter 40, Air 
Distribution; Chapter 41, Air Duct Design; Chapter 33, Air Cleaning 
Devices ; and Chapter 37, Spray Apparatus, furnish information on a broad 
range of industrial design conditions. If ventilation is to be provided for 
isolated areas using booths or enclosures, or if local exhaust ventilation is 
to be employed using hoods, exhaust slots or flexible tubes, fundamental 
design information will be found in Chapter 46, Industrial Exhaust Systems. 

In controlling effective temperature, or in providing appropriate air con- 
ditions for storage and for processing, it may be necessary to humidify or 
dehumidify, to heat or cool, to clean and to transport the air. These 
subjects are treated in other chapters in the Guide. When exhaust venti- 
lation is used, care should be taken to properly admit a supply of air into 
the building to replace that removed ; otherwise the exhaust system may 
fail to perform its intended function. Chance infiltration should not be 
depended upon for this supply. Optimum results are most probable if the 
industrial process or project and its air conditioning system are designed 
together. 

TYPICAL APPLICATIONS IN STORAGE AND PROCESSING 

Air conditioning in storage and processing may have one or more of the 
following objectives: (1) air quality control, (2) control of moisture re- 
gain, (3) control of rate of chemical reactions, (4) control of rate of bio- 
chemical reactions, (5) control of rate of crystallization, and (6) elimi- 
nation of static electricity. 

Air Quality Control 

The control of humidity has proved to be useful in blast furnace opera- 
tions; better uniformity of product and increased rate of production are 
the result. Very low humidity, with or without control of air flow and 
temperature, is essential in preserving stored machinery and instruments 
against corrosion. Control of temperature is necessary in high precision 
manufacturing. If, in addition to temperature, humidity is controlled 
and air cleanliness maintained, good conditions for gaging laboratories, 
for optical goods production, and for such processes as photographic film 
and pharmaceutical manufacturing may be provided. In libraries and 
museums, control of humidity and temperature is important to the preser- 
vation of the materials stored there; air cleanliness is of almost equal 
importance in minimizing damage during use or when cleaning the mater- 
ials. In drafting rooms, control of temperature and humidity to eliminate 
sweating of workers reduces damage to drawings and tracings, improves 
accuracy of work that is to be used in direct transfer processes, and im- 
proves worker efficiency. 

Moisture Content And Regain 

In the manufacture or processing of hygroscopic materials such as tex- 
tiles, paper, wood, leather, tobacco and foodstuffs, the temperature and 
relative humidity of the air have a marked influence upon the rate of pro- 
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diiction and upon the weight, strength, appearance and general quality 
of the product. The moisture content of materials having a vegetable or 
animal origin, and to a lesser extent minerals in certain forms, comes to 
c’quilibrium with the moisture of the surrounding air. This is the funda- 
mental basis for the control of certain physical qualities of the material 
during manufacture. With increase in moisture content, hygroscopic ma- 
terials ordinarily become softer and more pliable. Standards of regain are 
fixed in the trade. 

Manufacturing economy therefore requires that the moisture content 
be maintained at a percentage favorable to rapid and satisfactory manipu- 
lation and to a minimum loss of material through breakage. A uniform 
condition is desirable in order that high speed machinery may be adjusted 
permanently for the desired production with a minimum loss from delays, 
wastage of raw material and defective product. 

In the processing of hygroscopic materials, it is usually necessary to 
secure a final specified moisture content suitable for the goods as shipped. 
Moisture content refers to free moisture (as in a sponge) and to hygroscopic 
moisture (which varies with atmospheric conditions). It is usually ex- 
pressed as a percentage of the total weight of material. Regain is more 
specific and refers only to hygroscopic moisture. It is expressed as a per- 
centage of the hone-dry weight of material. For example, if a sample of 
cloth weighing 100.0 grains is dried to a bone-dry weight of 93.0 grains, 
the loss in weight, or 7.0 grains, represents the weight of moisture originally 
contained. This expressed as a percentage of the total weight (100.0 
grains) gives the moisture content or 7 per cent. The regain, which is 

7 0 

expressed as a percentage of the bone-dry weight, is or 7.5 per cent. 

The use of the term regain does not imply that the material as a whole 
has been completely dried out and has re-absorbed moisture. 

A basis for calculating the regain of textiles is obtained by drying, under 
standard conditions, a sample from the lot ; and the dry weight thus ob- 
tained is used in the calculations to determine the regain. 

Table 2 shows the regain or hygroscopic moisture content of several 
organic and inorganic materials when in equilibrium at a dry-bulb temper- 
ature of 75 F and various relative humidities. The effect of relative 
humidity on regain of hygroscopic substances is clearly indicated. The 
effect of temperature is comparatively unimportant. Changes in temper- 
ature do, however, affect the rate of absorption or drying. Sudden changes 
in temperature cause temporary fluctuations in regain even when the rela- 
tive humidity remains stationary. The rate of absorption or drying varies 
with the nature of the material, its thickness and density. 

During the preparation processes in a cotton mill, the cotton fibers 
should be in a condition to be easily carded. These preliminary processes 
are carried out best in a relative humidity of 50 to 55 per cent. As the 
cotton fiber comes to the spinning operation, more flexibility is needed 
and the relative humidity is increased in this department. Winding, warp- 
ing and weaving are all processes calling for great flexibility and a conse- 
quent need for higher humidity. 

Rayons, like cotton, require different humidities and temperatures at 
different steps in manufacture, but on account of great loss of strength 
with the higher regains, should be finished in a relative humidity of 55 to 
70 per cent. 

Other textile fibers, due to their different natural characteristics, are 
processed under relative humidities and temperatures applicable to each. 
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Table 2. Regain or Htgboscopic Materials 
Moisture Content Expressed in Per Cent of Dry Weight of the Substance at Various 
Relative Humidities — Temperature, 76 F 


Clash- 

rtCATION 

Matceul 

Discription 

Rilativs Huiciditt— Fir Cbnt 

Autboutt 

10 

20 

30 

40 

50 

60 

70 

80 

90 


Natural 

Textile 

FibeFB 

Cotton 

Sea island— roving 

2.5 

3.7 

4.6 

5.5 

6.6 

7.9 

9.5 

11.5 

14.1 

Hartshorne 

Cotton 

American— cloth 

2.6 

3.7 

4.4 

5.2 

5.9 

6.8 

8.1 

10.0 

14.3 

Schloesing 

Cotton 

Absorbent 

4.8 

9.0 

12.5 

15.7 

18.5 

20.8 

22.8 

24.3 

25.8 

Fuwa 

Wool 

Australian merino— skein 

4.7 

7.0 

8.9 

m 

12.8 

14.9 

17.2 

19.9 

23.4 

Hartshorne 

Silk 

Raw chevennes— skein 

3.2 

5.5 

6.9 

6.0 

8.9 

lOJ 

11.9 

14.3 

18.8 

Schloesing 

Linen 

Table cloth 

1.9 

2.9 

3.6 

4.3 

5.1 

6.1 

m 

8.4 

10.2 

Atkinson 

Linen 

Dry spun— yarn 

3.6 

5.4 

6.5 

7.3 

8.1 

8.9 

9.8 

11.2 

13.8 

Sommer 

Jute 

Average of several grades 

3.1 

5.2 

6.9 

8.5 

10.2 

12.2 

14.4 

17.1 

20.2 

Storch 

Hemp 

Manila and sisal- rope 

2.7 

4.7 

6.0 

7.2 

8.5 

9.9 

11.6 

13.6 

15.7 

Fuwa 

Rayons 

Viscose Nitrocellii* 
lose Cupramonium 

Average skein 

m 

5.7 

6.8 

7.9 

9.2 

10.8 

12.4 

14.2 

16.0 

Robertson 

Cellulose Acetate 

Fiber 

0.8 

1.1 

1.4 

1.9 

2.4 

3.0 

3.6 

4.3 

5.3 

Robertson 

Paper 

M. F. Newsprint 

Wood pulp— 24% ash 

2.1 

3.2 

4.0 

4.7 

5.3 

6.1 

7.2 

8.7 

10.6 

U. S. B.ofS. 

H. M. F. Writing 

Wood pulp— 3% ash 

3.0 

4.2 

5.2 

6.2 

7.2 

8.3 

9.9 

119 

14.2 

U.S.B.nfS. 

White Bond 

Rag— 1% ash 

2.4 

3.7 

4.7 

5.5 

6.5 

7.5 

8.8 

10.8 

13.2 

U.S.B.ofS. 

Com. Ledger 

75% rag— 1% ash 

3.2 

4.2 

5.0 

5.6 

6.2 

6.9 

8.1 

10.3 

13.9 

U.S.B.ofS. 

Kraft Wrapping 

Coniferous 

3.2 

4.6 

5.7 

6.6 

7.6 

89 

10.5 

12.6 

14.9 

U.S.B.ofS. 

Miso. 

Organic 

Leather 

Sole oak — tanned 

3.0 

8.5 

11.2 

13.6 

16.0 

18.3 

20.6 

24.0 

29.2 

Phelps 

Catgut 

Racquet strings 

4.6 

72 

8.6 

10.2 

m 

14.3 

17.3 

19.8 

21.7 

Fuwa 

Glue 

Hide 

3.4 

4.8 

5.8 

6.6 

7.6 

9.0 

10.7 

11.8 

12.5 

Fuwa 

Rubber 

Solid tires 

0.11 

0.21 

0.32 

0.44 

0.54 


0.76 

0.88 

m 

Fuwa 

M^riSMO 

Wood 

Timber (average) 

30 

4.4 

5.9 

7.6 

9.3 

11.3 

14 0 

17.5 

22.0 

Forest P. Lab. 

Soap 

White 

1.9 

3.8 

5.7 

7.6 

ESI 

12.9 

16.1 

19.8 

23.8 

Fuwa 

Tobacco 

Cigarette 

5.4 

8.6 

gg 

13.3 

16.0 

19.5 

tm 

33.5 

500 

Ford 


White Bread 


0.5 

1.7 

3.1 

4.5 

6.2 

8.5 

11.1 

uT 

19.0 

Atkinson 

Crackers 


2.1 

2.8 

3.3 

39 

5.0 

6.5 

8.3 

10.9 

14.9 

Atkinson 

Food- 

Macaroni 


5.1 

7.4 

8.8 

10.2 

117 

13.7 

16.2 

19.0 

22.1 

Atkinson 

stuffs 

Flour 


2.6 

4.1 

5.3 

6.5 

8.0 

9.9 

12.4 

15.4 

19.1 

Bailuy 

Starch 


2.2 

3JS 

5.2 

6.4 

7.4 

8.3 

9.2 

10.6 

12.7 

Atkinson 


Gelatin 


0.7 

1.6 

2.8 

3.8 

4.9 

6.1 

7.6 

9.3 

11.4 

Atkinson 

Mise. 

Asbestos Fiber 

Finely divided 

016 

0.24 

0.26 

0.32 

0.41 

0.51 

0.62 

0.73 

0.84 

Fuwa 

Silica Gel 


5.7 

9.8 

12.7 

15.2 

17.2 

18.8 

20.2 

21.5 

22.6 

Fuwa 

Inorganic 

Domestic Coke 


0.20 

0.40 

0.61 

0.81 

1.03 

1.24 

1.46 

1.67 

1.89 

Selvig 

MBlCrUUB 

Activated Charcoal 

Steam activated 

7.1 

14.3 

22.8 

26.2 

28.3 

29.2 

30.0 

31.1 

32.7 

Fuwa 

Sulfuric Acid 

HfSOi 

33.0 

gg 

47.5 

52.5 

57.0 

61.5 

67.0 

73.5 

82.5 

Mason 


When hygroscopic materials absorb moisture from the surrounding air 
they deliver to the air sensible heat equivalent to the latent heat released 
by the moisture to the material. This may account for a small part of 
the total heat load of the conditioned space. 

Conditioning and Drying 

In general, the exposure of materials to desirable humidities for treat- 
ment may be coincidental with the manufacture or recessing of the 
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materials, or they may be treated separately in special enclosures. This 
latter treatment may be classified as conditioning or drying. The purpose 
of conditioning or drying is usually to establish a desired condition of 
moisture content and to regulate the physical properties of the material. 
When the final moisture content is lower than the initial one, the term 
drying is applied (See Chapter 47). If the final moisture content is to be 
higher, the process is termed conditioning. In the case of some textile 
products and tobacco, for example, drying and conditioning may be com- 
bined in one process for the dual purpose of removing undesirable moisture 
and accurately regulating the final moisture content. Frequently con- 
ditioning or drying is made a continuous process in which the material is 
conveyed through an elongated compartment by suitable means and sub- 
jected to controlled atmospheric conditions. 

Control of Rate of Chemical Reactions 

A t3rpical example of control of the rate of chemical reactions occurs in 
the manufacture of rayon. The pulp sheets are conditioned, cut to size, 
and passed through a mercerizing process. It is essential that during this 
process close control of both temperature and relative humidity should be 
maintained. The temperature controls the rate of reaction directly, while 
the relative humidity maintains a constant rate of evaporation from the 
surface of the solution and obtains a solution of known strength throughout 
the mercerizing period. 

Another well-known example in this class is the drying of varnish which 
is an oxidizing process dependent upon temperature. High relative hu- 
midities have a retarding effect on the rate of oxidization at the surface and 
allow the internal gases to escape freely as the chemical oxidizers cure the 
varnish from within. This produces a surface free from bubbles and a 
film homogeneous throughout. Desirable temperatures for drying varnish 
vary with the quality. A relative humidity of 65 per cent is beneficial for 
obtaining the best processing results. 

Control of Rate of Biochemical Reactions 

In the field of biochemical control, industrial air conditioning has been 
applied to many different and well-known products. All problems involv- 
ing fermentation are classed under this heading. As biochemistry is a sub- 
division of chemistry, subject to the same laws, the rate of reaction may 
be controlled by temperature. An example of this is the dough room of 
the modem bakery. Yeast develops best at a temperature of 80 F. A 
relative humidity of 65 per cent is maintained to hold the surface of the 
dough open to allow the carbon dioxide gases formed by the fermentation 
to pass through and produce a loaf of bread, when baked, of even, fine 
texture without large voids. 

The curing of fruits, such as bananas and lemons, also comes under this 
classification. Bananas require a cycle of temperatures and relative hu- 
midities for ripening. The starches in the pulp of the fruit must be 
changed and the skin cured and colored, after which the fruit is cooled to 
maintain as low a rate of metabolism as possible. Ideal storage conditions 
range between 66 and 60 F with about 75 per cent relative humidity and 
ventilation at the rate of three or four air changes per hour. 

The curing of lemons is an entirely different problem. Bananas are 
cured for a quick market, while lemons are held for a future market. The 
process, therefore, varies in the temperature used. Temperatures from 
54 to 59 F have Iwn found to be best suited for this process. A high rela- 
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tive humidity of 88 to 90 per cent is necessary to hold shrinkage to a mini- 
mum and, at the same time, develop the rind so it will be sufficiently tough 
to permit handling. 

Tobacco from the field to the finished cigar, cigarette, plug or pipe 
tobacco, offers another interesting example of what may be done by indus- 
trial air conditioning in the control of color, texture and flavor. In the 
processing of tobacco, control of moisture regain, and of chemical and bio- 
chemical reactions, is involved and only through close atmospheric control 
can the best quality of leaf be developed. 

Control of Rate of Crystallization 

The rate of cooling of a saturated solution determines the size of the 
crystals formed. Both dry- and wet-bulb temperatures are of importance, 
as the one controls the rate of cooling, while the other, through evapora- 
tion, changes the density of the solution. 

In the coating pans for pills, gum and nuts, a heavy sugar solution is 
added to the tumbling mass. As the water evaporates, each separate piece 
is covered with crystals of sugar. A smooth, opaque coating is only accom- 
plished by blowing into the kettle the proper amount of air at the right 
dry- and wet-bulb temperatures. The wet-bulb depression determines the 
rate of moisture pick-up or drying by the air and may be termed the drying 
head. Of equal importance is the uniformity at which the wet-bulb is 
maintained. If this is allowed to vary, poor results will follow due to 
checking and cracking of the unfinished coating. 

Elimination of Static Electricity 

The presence of static electricity is very detrimental to the satisfactory 
and economical processing of many light materials, such as textile fibers, 
paper, etc. It is also extremely dangerous where explosive atmospheres 
or materials are present. Fortunately, this hazard is minimized by in- 
creasing the relative humidity if the material being processed is not dam- 
aged thereby. 

In attempting to eliminate static electricity, it must be borne in mind 
that for successful elimination the air that actually comes in contact with 
the material in the machine must be at a relative humidity of 50 per cent 
or more. As some machines consume a great deal of power which is con- 
verted directly into heat, the temperature in the machine may be consider- 
ably higher than the temperature adjacent to the machine where the 
relative humidity is normally measured. In such cases, the relative hu- 
midity in the machine will be appreciably lower than that elsewhere in the 
room, and it may be necessary to maintain a room relative humidity of 65 
per cent, or even more, before the desired results can be obtained inside the 
equipment. 


CALCULATIONS 

The methods for determining the heating and cooling loads for the 
various industrial processes are similar to those outlined in Chapters 14 
and 15. The several other chapters previously cited call attention to addi- 
tional phases of calculation which may be needed. Because of the large 
number of motors and heat producing units usual in an industrial applica- 
tion, it is particularly important that operating allowances for the latent 
and sensible heat loads be definitely ascertained and used in the calculations 
to determine the total design load. 
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CHAPTER 46 


INDUSTRIAL EXITAUST SYSTEMS 

Cla4S8ification of Systems, Hood Design Principles, Capture Velocity and Hood 
Suction, Duct System Design, Resistance of System, Efficiency of System, Air 
Flow Producing Equipment, Protection Against Corrosion and Abrasion 


I N many industrial plants some type of exhaust system designed to 
collect and remove dusts, fumes, mists, vapors and gases is essential 
in order to promote efficiency, economy, and safety of operation. Defini- 
tions of these various contaminants are included in Chapter 10, Air Con- 
taminants. 

The theory of air flow in an exhaust system in the following paragraphs 
A to D will be found in a publication^ of the American Foundrymen^s 
Association. 

A . When the air fiow producing equipment of an exhaust system is properly oper- 
ated it will produce a negative pressure (below atmospheric) in the exhaust side of 
the system sufficient to overcome all resistance and to sustain the desired air velocity; 
and, further, will overcome all resistances on the discharge or positive pressure side 
of the svstem so that the air drawn through exhaust inlets will be discharged against 
atmospheric pressure. 

B. An exhaust system is entirely dependent on a sufficient volume of air flowing into 
the exhaust inlets to catch the matter to be exhausted before such matter has an op- 
portunity to diffuse into the general atmosphere of the work place or room. 

C. The velocity of the air flowing into an exhaust inlet is usually of secondary 
importance and becomes an essential factor only when a certain velocity is required 
to overcome some force acting on the matter to be caught. The velocity within an 
exhaust system is only important to the extent that it shall be sufficient to convey 
the entrained matter and prevent it from settling or dropping out in the piping sys- 
tem. Velocity in terms of velocity pressure is most essential in designing a system 
because it is the basis upon which all calculations are made. In testing and checking 
a system the velocity as determined from the velocity pressure reading obtained by 
means of a Pitot tube is the only true indication of the exact air flow in a pipe or 
system. 

D. The total pressure w’ithin an exhaust system is only of importance in deter- 
mining the power required to operate the system. Total pressure tests do not in- 
dicate the proper functioning of an exhaust system as related to the volume and 
velocity of the air flowing into an exhaust inlet. 

General design information is included in this chapter which is intended 
to relate primarily to industrial exhaust systems. 

CLASSIFICATION OF SYSTEMS 

In general there are two basic layouts of exhaust systems, the central 
and the multiple unit system. In the central system a fan is located near 
the center of operations with a piping system radiating to the various 
machines to be served. In the multiple unit system, which is sometimes 
employed where the machines to be served are widely scattered, or where 
the operations are apt to be independent or intermittent, small individual 
exhaust fans are located at the center of the machine groups or at each 
machine. The unit arrangement has the advantage of flexibility. 

Exhaust systems may be classified with respect to the nature of the 
material to be handled by them as (a) those handling dusts and certain 
fumes and mists of large particle size, and (b) those handling vapors, gases 
and certain fumes and mists of small particle size. Design details differ 
in systems serving dust producing operations and those exhausting the 
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more vapor-like matter even though the same basic theories govern both 
classes. 

Dust or gas may be captured by enclosure or by open hoods with positive 
inward air movement. With some classes of machinery it is not feasible 
to hood the machines closely and in these cases open hoods over or ad- 
jacent to the machines are provided to collect as much as possible of the 
dust and fumes. Examples of these classes include such machines or oper- 
ations as pickling tanks, melting furnaces, arc welding and monument 
finishing operations. 

Open hoods should be placed as close to the source of dust or fumes as 
possible, with due regard to the movements of the operator. In no in- 
stance should the operator be located between the source of dispersion and 
the exhaust hood or enclosure. When the hood must be placed at some 
distance above the machine it should be large enough to cover a large area 
as dispersion (considering dust) is usually quite rapid. 

Some consideration should be given to the natural movement of the 
contaminant. In many cases there are convection currents and other 
atmospheric disturbances in the work room. These disturbances diminish 
the tendency of dust and fumes to settle from the room air. 

In some classes of operation the main objective is to prevent the escape 
of dust into the surrounding atmosphere, and the removal of some dust 
from the machine or enclosure may be merely incidental. The dust- 
creating apparatus is enclosed within a housing which is made as tight as 
practicable, and sufficient suction is applied to the enclosure to maintain 
an inward air flow through all cracks and openings, thus preventing escape 
of the dust. While the exhaust system is required to handle only the air 
which enters through the crevices and openings in the enclosure, in many 
installations leakages are very high and great care is required to reduce 
such leakages to a minimum. 

Certain dust and fume producing operations are best carried on by iso- 
lating the process in a separate compartment or room and then applying 
general ventilation to this space. 

HOOD DESIGN PRINCIPLES^ ^.^*® * ^ 

The first and most important steps in the design of a local exhaust sys- 
tem are to determine the number and shape of hoods or enclosures and the 
size of the branch connections. No general rules, however, can be given 
since hood and duct designs are determined by the characteristics of the 
operations to which they are applied. When a tentative decision regard- 
ing the set-up has been made, it is then necessary to obtain the suction and 
air velocities required to effect control. At this point the designer must 
rely upon the prevailing practice and on such physical data relating to 
hoods, duct systems and collectors as are available. 

In general, the most important requirements* of an efficient local exhaust 
system are : 

1. Hoods, ducts, fans, motors and collectors should be of adequate size and type. 

2. The air velocities should be sufficient to control and convey the materials col- 
lected. 

3. The hoods and ducts should be placed so as not to interfere with the operation 
of a machine or any working part. 

4. The system should do the required work with a minimum power consumption. 

5. When flammable contaminants are conveyed, the piping should be provided 
with an automatic damper in passing through a fire-wall (Refer to Pamphlet No. 91, 
National Board of Fire Underwritere^), 
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6. Ducts and all metal imrts should be grounded to reduce the danger of dust ex- 
plosions by static electricity. Motor and starting equipment should conform to 
Article 500— Hazardous Locations — of the National Electrical Code^^. 

7. The exhaust system should be readily accessible for inspection and main- 
tenance. 


CAPTURE VELOCITY AND HOOD SUCTION 

The removal of dust or contaminant by means of an exhaust hood re- 
quires a movement of air at the point of origin sufficient to carry it into the 
exhaust system. The air velocity necessary to accomplish this depends 
upon the physical properties of the material to be controlled and the direc- 
tion and speed with which it is dispersed. If the dust to be removed is 
already in motion, as is the case with high-speed grinding wheels, the hood 
must be installed in the path of the particles so that a minimum air volume 
may be used effectively. It is always desirable to design and locate a 

Table 1. Minimum Air Velocities Required at Point op Origin to Capture 

Contaminant Effectively 


Condition op Gsnbbation 
or Contaminant 

Minimum 

Capturb 

Vblocity, 

FPM 

Procbbs 

Released without notice- 
able movement 

50-100 

Evaporation of vapors, exhaust from pick- 
ling, washing, degreasing, plating, weld- 
ing, etc. 

Released with low veloc- 
ity 

100-200 

Paint spraying in booth; inspection, sort- 
ing, weighing, packaging, low speed con- 
veyor transfer points, rotating mixtures, 
barrel filling. 

Active generation 

200-500 

Foundry shakeout, high speed conveyor 
transfer points, crushers, screens. 

Released with great force 

500-2000 

1 Grinding, tumbling mills, abrasive cleaning. 


hood so that the volume of air necessary to produce results is as small as 
possible. This will reduce the size of equipment, the power required by 
the system, and also the heating load requirements in winter. 

Capture Velocities 

Data for the selection of capture velocities of many operations are not 
available, but it is safe to assume that for most dusty operations velocities 
should not be less than 200 fpm at the point of origin. Recommended 
minimum capture velocities for various processes are given in Table 1. 

The method for determining approximately the quantity of air that must 
be exhausted to produce these capture velocities at the point of origin is 
given in Equation 1 : 


Q -= F(10X* + A) 


( 1 ) 


where 

Q B Quantity of air exhausted, cubic feet per minute. 

V B Air velocity in feet per minute at X distance in feet from the hood and on the 
centerline of the hood. 

X B Distance in feet along the hood centerline from the face of the hood to the 
point where the air velocity is V feet per minute. 

A Area in square feet of the hood opening. 
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Tabi<e 2. Bbanch Pipe Size for Woodworking Machine Hoods 
Based on a Pipe Velocity of 4000 fpm. 


Ttpb of Machinb 

SizB. In. 

No. OP 
Bkanchbs 

Minimum DzAMBTsa, In. 

Min. 

Max. 

Bottom 

Branch 

Top 

Branch 

Others 

Self feed table saw 



2 

5 

4 


Other single saws 

18 

18 

B 


4 

. 6 


Saws with Dado Head 



B 

'SB 

6 


Band saws 

2 

3 

2 

3 

6 

2 

2 

2 

4 

5 

5 

4 

4 

5 


Disc Sanders 

18 

26 

32 

38 

18 

28 

32 

38 

48 

1 

1 

2 

2 

3 

4 

5 

4 

5 

5 

4 

4 

4 

4 

Triple drum senders 

30 

36 

42 

30 

36 

42 

48 

H 

7 

8 

9 

10 



Single drum senders: 

(area in sq in.) 

350 

700 

1400 

350 

700 

1400 

2800 

1 

4® 

5 

6 

7 



Horizontal belt senders 

9 

0 

14 

2 

2 

1 

5 

6 

4 

4 


Vertical belt senders 

6 

9 

6 

9 

14 

B 

4 

5 

6 



Jointers 

8 


BB' 

4 

5 



Single planers 

20 

26 

KM 

1 

1 

1 

5 

6 

7 



Tenoner 



2 

5 

5 



ANot over 10 in. diameter. 


No rule can be given regarding the shape of a hood for a particular 
operation, but it is well to remember that its essential function is to create 
an adequate velocity distribution. The fact that the zone of greatest 
effectiveness does not extend laterally from the edges of the opening may 
frequently be utilized in estimating the size of hood required. Where 
complete enclosure of a dusty operation is contemplated, it is desirable to 
leave enough free space to equal the area of the connecting duct. Hoods 
for grinding, polishing and buffing should fit closely, but at the same time 
should provide an easy means for changing the wheels. It is advisable to 
design these hoods with a removable hopper at the base to capture the 
heavy dust and articles dropped by the operator. Such provisions are of 
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assistance in keeping the ducts clear. The air quantity required to capture 
dust which is thrown or projected in a direction away from the hood at 
considerable velocity, may often be reduced by effective baffling or partial 
enclosure of an operation. This procedure is strongly urged where dusts 
are directed beyond the zone of influence of the hood. 

Air Flow from Static Readings 

State Codes for local exhaust systems at certain operations list mini mum 
static suction requirements which may range from IJ in. to 6 in. water 
column. Frequently, in grinding, buffing and polishing operations a large 
part of the wheel must be exposed and the dust-laden air within the hood 
is thrown outward by the centrifugal action of the wheel, thus counter- 
acting useful inward draft. 

The static suction at the throat of a hood is frequently used in practice 
as a measure of the effectiveness of control. Where the hood coefficient 
is known the volume of air flow through any hood may be determined 
from the equation : 


Q = 4005 fAy/h, 


( 2 ) 


where 

Q — quantity of air exhausted, cubic feet per minute. 

A = area of connecting duct, square feet. 

hu = static suction measured at approximately 3 diameters from throat of hood, 
inches of water. 

/ =* orifice or restriction coefficient which varies from 0.6 to 0.95 depending on 
the shape of the hood,® 

An average value of / is 0.8, although for a well-shaped opening a value 
of 0.85 to 0.9 may be used. The factor / is determined from the equation : 



where hv is the velocity head in the connecting duct. 

The static suction is not a good measure of the effectiveness of a hood 
unless the area of the opening and the location of the operation with respect 
to the hood are known. This is clearly indicated by Equation 4 which 
shows that the velocity at any point along the axis varies approximately 
inversely as the square of the distance. This formula coupled with Equa- 
tion 2 should serve to indicate the velocity conditions to be expected when 
operations are conducted externally to the hood opening. 


Axial Velocity Formula for Hoods 

When the normal flow of air into a hood is unobstructed. Equation 4 
may be used to determine the air velocity at any point along the axis^^ : 


0.1 Q 
+ 0.1 A 


( 4 ) 


where 

V *■ velocity at point, feet per minute. 

Q *> quantity of air exhausted, cubic feet per minute. 
X distance along axis, feet. 

A » area of opening, square feet. 
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Dedgn Based on Total Air Flow 

Where the foregoing factors are not known, the usual method of de- 
signing an exhaust system is to base the air flow through the system on 
rates of flow (through each hood) which have been found by experience to 
provide adequate control. For woodworking sjrstems the sizes of branch 
connections in common use are given in Table 2. 

Similar data for grinding and buffing wheels are given in Table 3. 

Velocity Contours 

It is possible by use of a specially constructed Pitot tube** to map con- 
tours of equal velocity in any axial plane located in the field of influence. 
It has been found that the positions of these contours for any hood can be 


Table 3. Brancb Pipe Sizes fob Gbinding and Buffing Hoods 
Boxed on a Pipe Velocity of 4S00 fpm. 



Wheel Size 
Diameter, In. 

Maximum 

Branch Pipe 

Type of Wheel 





Minimum Diameter, 






Min. 

Max. 

Width 

In. 

Area 

Sq In. 

In. 



9 

1 

30 

3 


9 

18 

3 

175 

4 

Grinding 

18 

24 

4 

300 

5 

24 

30 

5 

500 

6 


30 

36 

6 

700 

7 

Disc Grinding 

20 

20 

30 


300 

4 

5 



8 


50 


Buffing, Polishing and 

“8 

16 


150 

4 

Scratch Brushing 

16 

24 


300 

5 

24 

30 

6 


6 


expressed as percentages of the velocity at the hood opening and are 
purely functions of the shape of the hood**. 

Further, the velocity contours are identical for similar hood shapes 
when the hoods are reduced to the same basis of comparison. These facts 
are applicable to all hood problems so that when the velocity contour 
distribution is known, the air flow required can be determined. Fig. 1 
shows the contour distribution in two axial planes perpendicular to the 
sides of a rectangular hood with a side ratio of one-half. The distribu- 
tion shown is identical for all openings with a similar side ratio, provided 
the mapping is as shown in the figure. The contours, of course, are ex- 
pressed as percentages of the velocity at the opening. 

Low Velocity Systems 

On multiple installations of the same operation it is often possible to 
institute a great saving in power cost by designing an exhaust system 
using low velocities in the main ducts. Such a system for use in grinding 
and shaping porcelain has been described**. In these operations, the 
separate macl^es are grouped around a central plenum chamber and 
ei^usted by means of a low pressure fan connected to the plenum. In 
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one such case a power saving of over 90 per cent was obtained. A similar 
design technique^^ has been described for use in ventilating plating tanks. 

Canopy Hoods 

Canopy hoods are being replaced by* other types of-hoods, such as slotted 
hoods at tank operations. Where canopy hoods are used, they should 



Fig. 1. Velocity Contours for Rectangular Opening with a Side Ratio of 
One-Half. Contours are Expressed as Percentages of the 
Velocity at the Opening 

extend 6 in. laterally from the tank for every 12 in. elevation, and wherever 
possible they should have side and rear aprons so as to prevent short 
circuiting of air from spaces not directly over the vats or tanks. In most 
cases, hoods of this type take advantage of the natural tendency of the 
vapors to rise, and air velocities may be kept low. Cross drafts from open 
doors or windows disturb the rise of the vapors and therefore provision 
must be made for them. The air velocities required also depend upon the 
character of the vapors given off. The recommended minimum capture 
velocity is 100 fpm. 

The quantity of air which must be exhausted to obtain any given capture 
velocity is expressed by the following equation : 

Q - 1.4 PDV (5) 

where 

Q ■■ quantity of air exhausted by hood, cubic feet per minute. 

P -> perimeter of the tank, feet. 

D ■■ distance between tank and hood opening, feet. 

V ■■ capture velocity, feet per minute. 
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Lateral Exhaust Systems 

Lateral exhaust as developed for chromium plating^* is preferred to 
canopy t3rpe hoods. The method makes use of drawing air and fumes 
laterally across the top of vats or tanks into slotted ducts located at the 
top and extending fully along one or more sides of the tanks. The slot 
width is usually based on a slot velocity of 2000 fpm, but should not be 
less than 1 in. wide. The hood should not be required to draw the air 
laterally for a distance of more than 24 in. and the level of the solution 
should be kept 6 to 8 in. below the top of the tank. If width of tank is 
over 24 in. a double lateral exhaust should be used with slots on both sides. 

It has also been determined that a similar control may be used for tanks 
wider than 3 ft when the same velocity (2000 fpm) is maintained through 
a slot which is increased J in. for every foot of width greater than 3 ft. 
When these slots must be extended more than 6 ft in length, some method 
of spreading the flow is necessary to provide even air flow distribution 
through the entire slot length. This can be accomplished by tapering the 
slot, which incidentally will add to the resistance of the system. A more 
economical approach is to place properly spaced vanes in the side ducts, 
or to branch the side ducts^^. 

Spray Booths 

In the desi^ of an efficient spray booth, it is essential to maintain an 
even distribution of air flow through the opening and about the object 
being sprayed. While in many instances spraying operations can be 
performed mechanically in wholly enclosed booths, the volatile solvent 
vapors produced by spraying operations may reach injurious or explosive 
concentrations. At all times the concentrations of these vapors, and par- 
ticularly those containing benzol, should be kept well below 100 parts per 
million in the breathing zone of the worker. Vapors from many spraying 
operations are dangerous to the health of the worker and care should be 
taken to minimize exposure to them. 

It is recommended in the design of spray booths that the exhaust duct 
be located at the end of the booth opposite the opening. In front of this 
duct should be placed baffle plates which will cause a uniform air velocity 
distribution across the frontal area. The air volume should be sufficient 
to maintain a velocity of not less than 150 fpm over the open area of the 
booth. 

Spray booths may be either the dry or wet type. The latter is the more 
modem design, provided with a water-wash section for the removal of 
the solid over-spray contaminants and for the absorption of water-soluble 
thinners or solvents. 

The most modem innovation is the electrostatic spraying and detearing 
unit. Objects to be sprayed are passed through a high tension electro- 
static field, which not only produces a more evenly sprayed surface, but 
materially reduces excessive over-spray. The detearing unit removes 
tear-drops of sprayed material from the edges or ends of air-drying sprayed 
objects as these objects pass through a high tension electrostatic field. 

Hoods for Chemical Laboratories 

Hoods used in chemical laboratories are generally provided with sliding 
windows which permit positive control of the fumes and vapors evolved 
by the apparatus. Their design should offer easy access for the installa- 
tion of chemical equipment and should be well lighted. Air velocities 
should not exceed 100 fpm when the window is fully open. 
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The length and width of kitchen hoods should be such as to extend be- 
yond the extreme projection of the ranges, broilers, etc., over which they 
are installed. The minimum projection or overlap should be 12 in. 
Where space conditions permit, range hoods should^be about 2 ft high so 
as to provide a reservoir to confine momentary bursts of smoke and steam 
until the exhaust system can evacuate the hood. Range hoods should 
be located as low as possible to increase their effectiveness. 

In general the amount of air to be exhausted from restaurant range 
hoods is at the rate of 100 cfm per square foot of face area. In some cases, 
where the application is principally frying and where it is not practicable 
to install a hood 2 ft high, it is recommended that the face velocity be 
increased from 100 to 150 fpm, depending on peak load conditions in the 
kitchen. Exhaust connections to range hoods should always be made at 
the top and back of hoods, and should be spaced preferably not more than 
G ft apart and be rectangular in shape with the long side parallel to the 
back of the hood. Exhaust openings into range hoods should be designed 
to maintain a velocity of 1500 to 1800 fpm. 

An approved fire damper with fusible link should be (and is required by 
code in many states) installed in the main exhaust duct or branch ad- 
jacent to the range hood. Should there be more than one hood connected 
to a common duct, then the branch duct to each hood should be provided 
with a fire dami^r. Access doors should be provided at the fire damper 
for purpose of inspection, cleaning, or for renewal of fusible link. All 
exhaust piping to range hoods, commonly called grease ducts, should 
be provided with tight fitting cleanout doors of adequate size to permit 
easy removal of grease. Some engineers use filters to advantage in hoods 
which are subject to grease conditions. 

Hoods over steam tables should be of construction similar to range 
hoods. It is good practice to design such hoods with a face velocity of 60 
to 70 fpm. Hoods over dishwashing machines are usually relatively small 
and generally 1500 to 2000 cfm per hood is allowed, which is equivalent 
to a velocity of approximately 100 fpm per square foot of face area. Range 
hoods in diet kitchens are constructed the same as restaurant range hoods 
but with less exhaust air per square foot of face area, depending upon the 
nature of the food cooked. 

Hoods are not often used in private residences unless they are quite large 
and the consideration of expense is not important. For such residences 
the hoods should be design^ on the same basis as diet kitchens. Most 
all residence kitchens can be effectively and economically ventilated by 
the installation of a built-in kitchen ventilator, which should be located in 
an outside wall and in close proximity to the kitchen range. It has been 
found that the capacity of the built-in kitchen ventilator should be at 
least 350 cfm regardless of the size of kitchen. This can be justified on the 


Table 4. Approximate Conveying Velocities 


Material Convstsd 

Dbsign Velocity 
FPM 

Vapors, gRses, fumes, very fine r. 


Fine dry H liars ___ 

Average industrial dusts _ _ _ . _ 

Coarse par^irles ■ ...................... ........................ .......... 

Large particles, heavy loads, moist materials. ........ ...... 
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basis that the smaller the kitchen the more concentrated the heat will be 
thus requiring a more rapid rate of air change. Standard size built-in 
kitchen ventilators are generally available in three sizes, namely, 350, 500 
and 800 cfm. The proper size to use will depend on design conations and 
available wall space. 


DUCT SYSTEM DESIGN 

In desiring a duct system it is necessary to recognize a few funda- 
mental principles (see also Chapter 41). lowing the quantity of air 
required, the size of the duct may be computed from Equation 6 : 


A 


Q 

V 


( 6 ) 


where 

A » cross-section area of duct, square feet. 

Q = air quantity to be exhausted by the duct, cubic feet per minute. 

V s= velocity of air, feet per minute. 

Air Velocities in Ducts 

Where it is necessary to transport the particulate material collected in 
an exhaust system, minimum carrying velocities must be maintained in 
the ducts preceding the collector. It has been found that good results 
are obtained when design air velocities in horizontal runs are not less than 
2000 fpm or not greater than 5000 fpm. When the dust being carried is 
organic and other than wood flour, or similar material, a velocity of 2500 
fpm is adequate. Approximate required conveying velocities are given 
in Table 4. 

For duct systems wherein the air has no dust or solid load, a lower 
velocity is desirable, which may range from 1500 to 2500 fpm. In view 
of the fact that the horsepower required by a system depends directly 
on the resistance and the resistance is a function of the velocity, eco- 
nomical design requires velocities of this magnitude. 

The equal friction method is generally used for designing a duct system 
as this insures equal resistance to air flow in all branches throughout the 
system (see Chapter 41). Long main ducts do not generally provide the 
most economical layout. Where it is necessary to ventilate a large number 
of machines, or machines which are widely separated, it is desirable to 
locate the fan at approximately the center of the system. With this ar- 
rangement it is possible to choose a fan which will deliver the required air 
quantity against a lower resistance pressure, and this will generally result 
in a horsepower saving. 

When a system carrying dust is designed with an oversize main duct to 
allow for future extension, the air velocity may be found to be too low to 
carry the dust, and serious plugging may occur. In this case it is desirable 
to install an orifice in the end of the pipe to allow for the lower air quantity. 

Construction 

The interior of all ducts should be smooth and free from obstructions 
at joints and soldered air-tight. Other sealing mediums are permissible 
where soldering is impracticable. 

Ducts should be constructed of galvanized sheet metal except when the 
presence of corrosive fumes or gases, temperatures above 400 F, or other 
factors would make galvanized material impracticable. Ibr the usual ex- 
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Tabld 6. Gaobs or Metals fob Exhaust Systems* 


Diameter of Round Pipe or Greatest 
Dimension of Rectangular Pipe, 
Inches 

Tuicenbss of Duct Material U. S. Gage Number 

For Highly t^bimsive Matter 

^ For Other Matter 

Up to R inclusive 

20 

22 

Ovpr R to IR inclusive 

18 

20 

Over 18 to 30 inclusive. 

16 

18 

Over 30 __ 

14 

16 



^Fundamentals of Design. Construction, Operation and Maintenance of Exhaust Systems (Ameritan 
Foundry men*s Assoeiaiion , d. 53^. 


haust systems the metal thicknesses shown on Table 5 are recommended. 
Elbows and angles should be a minimum of two gages heavier than straight 
lengths of equal diameter. Hoods should be a minimum of two gages heav- 
ier than straight sections of a connecting branch. 

Longitudinal joints of ducts should be lapped and riveted or spot- 
welded on 3-in. centers maximum. Girth joints or ducts should be made 
with lap in direction of air flow, with 1 in. lap for duct diameters through 

19 in. and H l^P for diameters over 19 in. Elbows and angles shoiild 
have an inside or throat radius of two pipe diameters whenever possible. 
Large radii are recommended for heavy concentrations of highly abrasive 
dusts. Elbows 6 in. or less in diameter should be constructed of at least 
5 sections and, if over 6 in. in diameter, of 7 sections, with angles pieced 
proportionally. Hoods should be free of sharp edges or burrs and re- 
inforced to provide necessary stiffness. Transitions in mains and sub- 
mains should be tapered with a taper 5 in. long for each 1 in. change in 
diameter whenever possible. All branches should enter the main at the 
large end of the transition at an angle not to exceed 45 deg or preferably 
30 deg. Branches should be connected only to the top or sides of mains, 
with no two branches entering diametrically opposite to each other. 
Dead end caps should be provided within 6 in. from last branch of all 
mains and sub-mains. Cleanouts should be provided every 10 ft and 
near each elbow, angle, or duct junction in horizontal sections. Ducts 
should be supported sufficiently to place no loads on connected equipment 
and to carry weight of a system plugged with material. The maximum 
distance between supports should be 12 ft for 8 in. or smaller ducts and 

20 ft for larger ducts. Six inches minimum clearance should be provided 
between ducts and the ceiling, wall or floor. Blast gates for adjustment 
of the system should be placed near the connection of a branch to the main 
and means of locking gates after the adjustments have been made should 
be included. Rectangular ducts should be used only when clearances 
prevent the use of round construction. Rectangular ducts should be as 
nearly square as possible. The weight of metal and the lap, and other 
construction details, should be the equal of round duct construction having 
a diameter equal to the longest side. All pipes passing through roofs 
should be equipped with collars so arranged as to prevent water from leak- 
ing into the building. 

The main trunks and branch pipes should be as short and straight as 
possible. 

Cleanout openings having suitable covers should be placed in the main 
and branch pipes so that every part of the system can be easily reached in 
case the system clogs. Either a large cleanout door should be placed in 
the main suction pipe near the fan inlet, or a detachable section of pipe, 
held in place by lug bands, may be provided. 
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Every pipe should be kept open and unobstructed throughout its entire 
length, and no fixed screen should be placed in it, although the use of a 
trap at the junction of the hood and branch pipe is permissible, provided 
it is not allowed to fill up completely. The passing of pipes through fire- 
walls should be avoided wherever possible, and floor sweep connections 
should be so arranged that foreign material cannot be easily introduced into 
them. 

At the point of entrance of a branch pipe with the main duct, there 
should be an increase in the latter equal to their sum. Some state codes 
specify that the combined area be increased by 25 per cent. While this 
is not always good practice and is frequently done at the expense of a 
reduced air velocity, it is often done where future expansion of the exhaust 
system is contemplated. 

Duct Resistance 

The resistance to flow in round galvanized duct riveted and soldered at 
the joints may be obtained from Fig. 2, Chapter 41. The pressure drop 
through elbows depends upon the radius of the bend. For elbows whose 


Table 6 . Loss Through 90-Deg Elbows 


Ratio of Elbow Center Line Radius to 

Pipe Diameter or Depth 

Approximate Loss in Per Cent 

OF Velocity Head 

1 

80 

li 

31 

2 

22 

2i 

19 


centerline radii vary from 100 to 250 per cent of pipe diameter, the loss 
may be estimated from Table 6. 

RESISTANCE OF SYSTEM 

The resistance of the exhaust system is composed of three factors: (1) 
loss through the hoods, (2) collector drop, and (3) friction drop in the duct 
system. 

The loss through the hoods is usually assumed to be equal to one-half 
the suction at the hoods. Where possible the resistance of the particular 
collector to be used should be obtained from the manufacturer. 

Friction drop in the pipes must be computed for each section where 
there is a change in area or in velocity. The velocities should be found 
in each section of pipe starting with the branch most remote from the fan. 
The friction drop for these sections can be determined by reference to 
Table 6 in this chapter and Fig. 2, Chapter 41. Total friction loss in the 
piping system is the friction drop in the most remote branch plus the drop 
in the various sections of the main, plus the drop in the discharge pipe. 

EFFICIENCY OF EXHAUST SYSTEMS 

The efficiency of an exhaust system depends upon its effectiveness in 
reducing the concentration of dusts, fumes, vapors and gases below the 
safe or threshold limits^*. 

Too much emphasis cannot be placed on the necessity of testing exhaust 
systems frequently by determining the concentration of atmospheric 
contamination at the worker’s breathing leveP*. Commonly accepted 
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values of threshold limits for usual atmospheric contaminants will be found 
in Tables 3, 4 and 5, Chapter 10. 

AIR FLOW PRODUCING EOUIPMENT 

* 

In any type of exhaust system some form of air flow producing equip- 
ment is required to create the pressure necessary to cause the air to flow 
through the system to the discharge stack. The principal types of air 
moving equipment are centrifugal exhaust fans, disc or propeller fans, 
axial flow fans and venturi ejectors. 

Table 7. Corrosion Resisting Materials por Exhaust Systems* 


ACIDb 


MATERIAL 

Acbtio 

CBRomc 

Hrnso- 

CBLOMC 

Hn>Ro> 

rLUORIC 

Nitric 

Pbob- 

PUORIC 

SlTL- 

PBUROUB 

■9 

Mitalb 

Oil jCone. 

Dil. Cone. 

Dil. 

Cone. 

DiL Cone. 





oil 

Cone. 

Aluminum 

Good 

Fair 

Poor 

No Data 

M 

Good 

Poor 

Poor 

Poor 

IIQQSBISS 

No Data 

Good 1 Poor 

No Data 

PoorjCood 




No Data 

Lend nnd Leiui>Coated 

Poor 

Good 

Poor 

Poor 

Poor 

Poor 

Good 

Goo( 

Poor 

Moly Alloy (60 Ni-20Mo 
-20 FtU - 

Good 

No Data 

Fair 

No Data 

Poor 

Poor 

No Data 

Good 

Monel Metal 

Fair 



m 

Goodd 

Fair 

Poor 

Fair 

Poor 

GoodejPoor 

Bronze......... 

Poor 






Good 


EShoon Iron 




Poor 

Good 

Good 

No Data 

Good 

Bt^nlces Steele (18 Cr- 
8 Ni) 

Good 

Good 

Poor 

No Data 

Good 

Poor 

Good 

Poor 

Goode 

Enameled Steel 

No Data 

No Data 

CkMd 

Poor 

Good 

Poor 

NoDaU 

Good 

MuCBLLAmBOUB 







■iiHi 


ABbeitoB Comp ... 



Good ezoept against strong adds and alkalies 

B 


Wood 

Some woods are deeompoBed or softened faster than others. 


Rubber- 

1 



Poor 1 


Poor 


In genenl plutioB raeiit weak adds and are deoompoaed by concentrated acid. 


Standard Practice Sheet No 116 (Division of Industrial Hygiene, New York State Labor Department). 

" Acid mists in air are more corrosive than as liquid in storage tank. Galvanized iron not resistant to 
acid. 

” Stainless steel of (24 Cr— 10 Ni) fairly resistant at low temperature for IfCl and HiPO^. 

* Under most conditions. 

* At room temperatures. 

PROTECTION AGAINST CORROSION AND ABRASION 

Manufacturers generally provide special fans for the handling of various 
industrial wastes. When corrosive or abrasive materials are conveyed, 
the fan blades and interior of the fan housing should be protected from 
wear. This may be accomplished by placing the collector on the suction 
side of the fan. Excellent protection against many corrosive acids nmy 
be obtained by lining the interior surfaces of the ducts and fans, including 
wheels, with rubber. 

The removal of gases and fumes in many chemical plants requires that 
metals used in the construction of the exhaust system be resistant to chem- 
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ical corrosion. A list of the materials which may be used to resist the 
action of certain fumes is given in Table 7. Hoods and ducts, when 
short, may frequently be constructed of wood and be quite effective. 
Rubberized paints are available and may be applied as protective coatings 
in handling such gases as chlorine and hydrochloric acid. 
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DRYING SYSTEMS 


Mechanism of Drying, Omissions in Drjdng Cycle, Factors Influencing Drying Rates, 
Drying Methods and Equipment, Radiant Drying, Conduction Drying, 
Convection Drying, Dryer Calculations, Typical Solution of 
Dryer Problem 


T he term drsring, in a broad sense, encompasses the removal of water, 
and occasionally other liquids, from gases, liquids, or solids. How- 
ever, the common usage of the word confines the meaning principally to 
the removal of water or solvent from solids. Dehiunidification is the 
term that is commonly assigned to the drying of gases. This is usus^y 
accomplished by condensation or adsorption by various drying agents and 
is treated in Chapter 38. Distillation and more particularly fractional 
distUlation is associated with the drying of liquids. 

It is usually more economical to employ, whenever possible, mechanical 
means of separating as much water as is practicable from the solid mate- 
riids before undertaking (hying or dehydration steps. These mechanical 
methods such as filtration, screening, pressing, centrifuging, or settling 
usually require much less power and fr^uently less (»ipital outlay, thereby 
making the operation cheaper in terms of cost per pound of water removed. 

MECHANISM OF DRYING 

The removal of moisture from solids is largely dependent on the difference 
in vapor pressure between the moisture in Ihe pores of the material and the 
surrounding air, and the rate of diffusion of internal moisture to the surface 
of the material. As long as the vapor pressure of the moisture within the 
material is greater than the vapor pressure of the surroun^ng air, moisture 
will travel outward to the surface of the material and be evaporated. 
While the magnitude of the vapor pressure difference is the force or po- 
tential that causes the diying, it is not representative of the actual results 
in terms of time or removed moisture. 

Water existing on the surface or held in the voids of a solid is known as 
free or unbound moisture and its vapor pressure will be equal to that of 
water at the same temperature. Bound, hygroscopic or chemically com- 
bined moisture on the other hand is intimately asscxsiated with the physical 
nature of the material and its vapor pressure during drying is less than that 
of free water at the same temperature. 

The course of diying of any substance under constant conditions of 
temperature, humidity and air velocity and distribution follows a definite 
pattern which can be represented by graphs such as Fig. 1 and Fig. 2.‘ 
Fig. 1 may be considered a typical drying time curve for solid material. 
Fig. 2 is the drying raie curve derived from Fig. 1, the ordinate in this 
case being the diying rate which can be expressed as pounds watw 
evaporated per hour per sciuare foot or pounds of water evaporated per 
hour per pound of dry stock. 

In Fig. 2 the section CB is attributed to a warming up period during 
which l£e surface of the solid is reaching a uniform temperature. This 
temperature is maintained constant during the period of a oonsiant drying 
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raie shown by BA. During the constant rate period water is being eva- 
porated from the surface of the material at a rate comparable to that of a 
free water surface and moisture is being supplied by diffusion or capillarity 
to the surface at a rate equal to or greater than the evaporative rate. 
During this period the material is generally considered to assume the wet 
bulb temperature of the air, although this is not strictly true as, in many 
cases, radiant heat is absorbed or some heat is supplied by conduction. 

AD represents the first stage of the falling rate period and when this 
portion of the curve is linear it is assumed that the surface, althou^ still 
wet, is ^adually drying out. The moisture content corresponding to 
point A is termed the critical moisture content and it is reached when the 
moisture reaches the surface at a rate less than the potential evaporative 
rate. The portion of the rate curve corresponding to DE represents the 
period of drying where the outer surface has become dry and subsurface 



Fig. 1. Moisture Content vs. Drying Time*. 

evaporation is taking place. During the period A to E, the temperature 
of the material gradu^ly increases and tends to approach the dry bulb 
t^perature of the air. 

Finally, all drying stopS at the equilibrium moisture content (point E on 
the curve) where the vapor pressure of water in the £ur is equal to the vapor 
pressure of water in the material. The equilibrium moisture content varies 
with the humidity of the air and the hygroscopic properties of the material 
as explained in Chapter 45, Industrial Air Conditioning. 

The diying rate during the constant rate period is subject to mathe- 
matical analysis and can be predicted with some degree of accuracy but 
calculations involving the falling rate period are seldom satisfactory 
because of the number of variables involved. The flow of water within 
the material may be caused by a combination of many factors some of 
which are capillarity, pressure due to shrinkage, true diffusion of liquid 
moisture, the force of gravity and a sequence of vaporizations and con- 
densations within the solid. Because of this complexity of intemaJ mois- 
ture flow and the tremendous number of solid materials with different 
internal structures, no satisfactory theory has yet been developed for 
predicting the rate of this flow and hence the rate of drying. As a result, 
the fimdimentals of a practical approach to drying have been based on the 
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external drying conditions; i.e. the temperature, humidity and velocity 
of the drying air, and the physical conditions of the material being dried. 
Prediction of drying rates may be based on past experience but are pref- 
erably obtained from experiments employing the conditions which are 
expected in commercial large-scale practice.^ 

Omissions in Drying Cycle 

Many solids, such as lumber, are so dry at the beginning of the drying 
operation that the constant rate period of free surface evaporation does 
not occur. Frequently the surface of the material is dry enough so that 
no surface drying can take place, in which case only the final stage of sub- 
surface drying is involved. In other instances, the critical moisture con- 
tent of a wet solid is sufficiently low that sub-surface drying starts almost 
immediately after the conclusion of the constant rate period. Thus the 



Metstvre Content (Dry Sersis) 

Fio. 2. Rate of Drying vs. Moisture Content' 


intermediate state of unsaturated surface diying does not occur and the 
drying is of the sub-surface type during practically the whole of the falling 
rate period. With other kinds of material, particularly thin sheets, such 
as newsprint pai^r, sub-surface drying may occur at such a low moisture 
content that it is not encountered in commercial work, the falling rate 
period being confined in practice to unsaturated surface drying. 

MOISTURE CONTENT 

The moisture content of solid materials can be expressed in terms of 
per cent on wet or dry basis. The per cent moisture on a wet basis is the 
ratio of the weight of moisture in the sample to the total weight of the 
sample whereas on a dry basis it is the ratio of the weight of moisture in 
the sample to the weight of solids in the sample. A vegetable, for example, 
having 80 per cent moisture on a wet basis would have 80 grams of moisture 
and 20 grams of bone dry solids in a 100 gram sample. On a dry basis, 
the moisture content would be 4.0 (400 per cent). 

In drying calculations the dry basis is usually preferred because small 
variations in initial moisture content expressed on a wet basis can lead 
to serious errors. For example, if a quantity of 100 lb of material is to 
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be produced having a final moisture content dt 5 per cent wet basis and 
having initial moisture content of 85 per cent, me weight (rf solids in- 
volved is 95 lb and the initial amount of water is 538 lb. The water 
to be removed is therefore 533 lb. If the initial moisture content should 
be increased to 87 per cent, then the initial amount of water is 636 pounds 
and 631 poimds must be removed. Hence a 2 per cent variation in initial 
moisture content results in almost 20 per cent increase in required drying 
capacity. The use of the dry basis, however, is not misleadmg. 

FACTORS INFLIIENCING DRYING RATES 

Temperature 

The driving force for evaporation is directly proportional to the difference 
between the absolute humidity of the air being used and the absolute hu- 



temperature. deg f 

FlO. 3. PSTCHROMETBIC CHART 


midity of saturated air at this temperature. It may be seen from the 
pEychrometric chart. Fig. 3, that as the temperature increases the hu- 
midity of saturated air corresponding to that temperature increases im- 
mensely. For mcample, at 100 F one pound of dry air will carry about 
0.04 pounds of water, while at 120 F t^ figure has become 0.08 pounds. 
Thus during the constant rate and uniform falling rate periods an increase 
in temperature will increase the drying rate. During the varying falling 
rate period, i.e., sub-surface drying where diffusion is the controlling factor, 
an increase in temperature will lower the viscosity permitting a more rapid 
drying. Temperature and thickness of the material are the only external 
variables which affect the drying rate during the variable falling rate 
period. The drying rate varies inversely with the square of the thickness. 

In gmeral, then, it is preferable to use as high a temperature as possible 
for any drying operation because of the faster rate of drying and the 
greater capacity of the air to remove water. During the constant rate 
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period of drying, the temperature of the material approximates the wet- 
bulb temperature of the Therefore, high dry-bulb tempmatures may 
be employed. 

The nature of the material and its characteristics often determine the 
temperatures that can be employed with safety. Fer sample, chemically 
combined water may be lost, cells may be steam exploded, charring may 
take place or exothermic reactions initiated if the product temperature 
exceeds a critical value. 

To illustrate the effect of temperature refer to Fig. 4, a typical v^etable 
drying curve.^ Fig. 5 shows the change in drying time as imected by dry- 
bulb temperature change-other variables remaining constant. 

Humidity 

As previously pointed out, absolute humidity is the driving force for 
evaporation, therefore, a low humidity increases the drying rates. How- 
ever, certain materials if dried too rapidly may case h^en, i.e., form a 



Fio. 4. Ttpicai. Vegetable Drying Curve 

Ruaaet potato, blanched A-in- strips, wood-slat tray, load 1.5 lb. 
per square foot, cixns-oirculation, lur velocity 500 fpm, air 
temperature 150 F, wet-bulb temperature 90 F. 


nearly impermeable skin which greatly reduces the drying rate. Also, 
certain undesirable physical changes may take place su(^ as the cracking 
and warping of lumber. In such instances, it may even be necessary to 
increase artificially the humidity to assure satisfactory drying by the 
recirculation of moist air or the use of water or steam jets. 

In the case of substances that must be dried at relatively low tem- 
peratures (120-140 F) it is often necessary to dehumidify the air to secure 
satisfactory diying rates. In such instances, a closed system using the 
adsorptive methods described in Chapter 38, is frequently applicable. 

Fig. 6 shows the effect of chan^ in humidity on the rate of diying curve 
for the same material considered in Figs. 4 and 5. 

Air Circulation 

Air velocity and distribution are important factors only in the fi^ two 
periods of drying when surface evaporation is taking place. During the 
varying falling rate period of ^tseous diffusion enou^ ventilation must 
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be provided to prevent stagnation. The velocity of the air passing over 
the surface to be dried determines the rate at which the moisture-laden 
air is swept away. The more rapidly this moist air can be removed the 
more rapidly can evaporation occur. It has been demonstrated that this 
drying rate is a function of the 0.8 power of the velocity. Air directed 
perpendicularly to the drying surface exhibits the greatest efficiency in 
dispersing the dead air film. The limiting factors in air velocity are the 
power requirements to remove the air and the danger of blowing away the 
lighter particles of material. 

Fig. 7 indicates the effect of changes in air velocity for the same material 
previously considered. 

Miscellaneous Items 

Many other factors affect the rate of drying curve such as size and 
shape of pieces, thickness of layer, type of tray or other support, mode of 
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Fig. 5, Drying Curves at Differ- 
ent Temperature Levels 

Rusiet potato, blanched lAr-in. strips wood -slat 
tray, Ic^ 1.5 lb per square foot, cross-circu- 
lation, air velocity 500 fpm. 



Fig. 6. Drying Curves at Different 
Wet-bulb Depressions 

Russet ix>tato, blanched A in. strifis, wood-slat 
tray, load 1.5 lb per square foot, cross-circu- 
lation, air velocity 500 fpm. 


exposure to air stream, and relative amounts of heat received by radiation, 
conduction and convection. Fig. 8, for example, illustrates the effect of 
changes in layer thickness. 

DRYING METHODS AND EQUIPMENT 

Drying systems are sometimes classified according to the method of 
heat transfer that is employed since the entire problem of drying resolves 
itself into individual problems of heat transfer and the thermodynamics of 
air and water vapor. The methods of heat transfer are radiation, con- 
duction and convection. Many types of dryers have been built on these 
principles for different purposes. 

Drying systems can also be classified according to the method of product 
handling — ^thus batch operation, semi-continuous and continuous. 

Radiant Drying 

Sun drying, the oldest form known to man, is still practiced where the 
material is amenable to such treatment, where the necessary time can be 
allowed, and where there is little danger of rain or atmospheric pollution. 

In artificial systems radiating surfaces, heated by steam, electricity or 
other means, afford a good method of heat distribution and control. Ra- 
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diant heating sets up convection currents, and in low-temperature dryers 
only about one-third to one-half of the total heat for evaporation is actually 
supplied to the material by radiation. At high temperatures the radiation 
output increases rapidly, according to the fourth-power law. The total 
radiation may be computed by the equations and tabless given in Chapter 5. 
In general, fins and irregular surfaces do not increase radiation, hence the 
area to be used in calculations is the area of a smooth-surface envelope 
enclosing the radiating elements. 

A certain amount of air circulation is required through a radiant dryer, 
in order to carry off the vapor. 

Radiant heat from infra-red lamps has been accepted by certain in- 
dustries as practicable for their specific problems. An example of success- 
ful application is found in the drying of lacquers. 

Electric heating by induction and dielectric means, as described in 
Chapter 30, is applicable to the drying of certain materials. 



Tint. Houna Tint, nOUR9 


Fig. 7. Drying Curves at Different 
Air Velocities 


Fig. 8. Drying Curves at Different 
Densities of Loading on Trays 


Russet potato, blanched A-in. stripe, wood-slat 
tray, load 1.5 lb per square foot, cross- 
circulation, air temperature 160 F, 
wet-bulb temperature 90 F. 


Russet potato, blanched A'in. strips, wood-elat 
tray, cross-circulation, air velocity 500 fpm, 
air temperature 150 F, wet-bulb 
temperature 90 F. 


Conduction Drying 

Drying rolls or drums, Fig. 9^, flat surfaces, open kettles and immersion 
heaters are examples of the direct-contact method. Intimate contact of 
the material with the heating surface is important, and in some cases agita- 
tion is desirable to increase the uniformity of heating or to prevent over- 
heating. 

Greatest resistance to heat transfer occurs on the air side of the material 
being dried. The rate of heat transfer from the surface of the heated 
material to the air, and hence the rate of drying, may be increased by : (a) 
forced convection or air circulation and (b) vacuum operation to lower 
the boiling point of the liquid being evaporated. 

A rather interesting method of conduction drying was put into practical 
use during the war for the drying of blood plasma and has since been 
expanded to other fields such as the preservation of bacteria and other 
micro-organisms. This has come to be known as freeze drying or drying 
by sublimation. The material to be dried is first frozen and &en placed 
in a hi(^ vacuum chamber connected to extremely low temperature con- 
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densers. The water is removed by vaporizing from the solid directly 
to the gas without ever becoming Uquid. 

Convection Drying 

A limited amount of convection drying takes place in almost any dryer 
such as those described in tiie precming paragraphs. However, to be 
classified as a convection diyer the principal source of heat is the heated 
air or other gases circulated in the dryer. There are a number of mechan- 
ical means of accomplishing this circulation of air or gases, each of which 
has some particular virtue. Brief descriptions of some important types of 
convection dryers follow : 

Rotary Dryers. These diyers are cylindrical drums usually having 
internal flights, as shown in Fig. 10, which cascade the material being dried 
through the air stream. The driers may be heated directly or indirectly 
and the air circulation may be parallei or counter flow. A variation is the 
rotating louvre type diyer, wmch introduces the air beneath the flights 
thus securing very intimate contact. 

Cabinet and Compartmeni Dryers. These are generally considered batch 
dryers wherein each charge is dried to completion before removal.'* A 
wide range includes tyi)es from the heated loft with only natural con- 
vection, and usually poor and non-uniform diying, to the self contained 
units with forced draft and properly detigned baffles which give positive 
results. It is also possible to evacuate some of the systems for low tem- 
perature drying of delicate or hygroscopic materials. These dryers are 
usually loaded with material spread in trays to increase the exposed surface. 





Drying Systems 


917 


exHAUiT 



FlO. 11. COMPABTMENT DbtEB, SHOWING TbGCKS, WITH AlB CiBCULATION* 

The trays are loaded directly into the diyer or may be stacked on trucks 
which are wheeled in. (See Fig. 11). 

Tunnel Dryers. Tunnel dryers are a modification of the compartment 
dryer and as a rule are continuous or semi-continuous in operation. Heated 
air or combustion gas is usually circulated by means of fans idthough a 
few natural draft units are still in use. The material is handled on trays 
or racks on trucks and moves through the dryer either intermittently or 
continuously. The air flow may be parallel, counter flow or a combina- 
tion of the two, obtained by center exhaust. Further, the air flow may 
be across the surface of the trays or up or down through the bed or in any 
combination of directions. By reheating the air in l£is type of dryer or 
recirculating it a high degree of saturation is achieved before exhausting 
the air. This reduces the waste of sensible heat. 

A variation on this tjrpe dryer is the strictly continuous type having 
one or more mesh belts which travel through the dryer carrying the prod- 
uct, such as Fig. 12. Innumerable combinations of temperature, hu- 
midity and air direction and velocity are possible. The labor requirement 
is low on such a dryer as it can be loaded and unloaded mechanically. 
There is the disadvantage of hot air leaks at the entrance and exit althou^ 
these can be minimized by means of bafiles or inclined ends where the 
material enters and leaves from the bottom. 

Spray Dryers. In recent years the spray diyer has become important 
for the drying of liquids in many fields, especially in the food industry. 

The liquid is atomized by means of pressure nozzles, air jets or centrif- 
ugal bowls into the air stream of a tower or chamber. Inlet iur tempera- 



Fio. 12. Section of Continuous Dbtbb, 
Blow-Thbough Ttpb 
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turea may run from 250-300 F up as high as 1200 F. Drying is almost 
instantaneous because of the minute particle size. The dry powder is 
separated from the air by cyclone separators which are sometimes followed 
by cloth bags or scrubbing towers. 

Because of the high inlet temperatures and the relatively large volume 
of air required the efficiency of the spray dryer is not too good and conse- 
quently is seldom used for dilute solutions (less than 30 per cent solids). 

Figure 13 shows a typical arrangement for a spray drying system.^ 

A common and important feature of all spray processing is the direct 
conversion of the spray liquid to a granular product suitable for packaging 
without grinding or other intermediate handling. Another aspect is the 
unusually high rate of drying attained. In a weU designed system 15 to 30 
seconds is a fair time for the passage of the sprayed partical through the 
drying zone; the partical temperature need not rise materially above the 
wet bulb temperature of the liquid solution. This makes the process 
particularly adapted to the dr 3 dng of heat sensitive material, some of its 
most important applications being the drying of milk, eggs, potato flour, 
soap and blood.* 



Fio. 13. Sfbat Drter of the Pressure-Sprat Rotary Tyfe^ 


DRYER CALCULATIONS 

The calculations for drying during the constant-rate period are different 
from those applying to the falling-rate i^riod, and in contrast are subject 
to relatively simple mathematical analyras. 

The rate of drying by air passing over a wet surface is directly pro- 
portional to the vapor pressure difference, and also proportional to the 
0.8 power of the air velocity. For practical calculations, the wet surface 
is assumed to attain the wet-bulb temperature of the air passing over it, 
and evaporation takes place at constant rate under equilibrium condi- 
tions. The equation may then be expressed in three forms: 


C A » (AP) 

(1) 

C' A « (£JI) 

(2) 

A » (AO 

(3) 


where 


R V rate of drying during comtant-rate period, pounds of moisture per 
hour. 
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A a area of bed or material in contact with air, square feet. 

V a air velocity over material, feet per minute. 

AP = difference between vapor pressure at wet-bulb (surface) temperature 
and at dew-point of air. « 

AP a difference between humidity ratio of saturated air, at the surface 
temperature, and the actual humidity ratio of the air stream, pounds 
of water per pound of dry air. 

Ai a difference between dry-bulb and wet-bulb temperatures of air, i.c., 
the wet-bulb depression. 

C, C', C" a proportionality constants (for numerical values consult references). 



These equations are useful mainly for computing the effects of changes 
in operating conditions, such as changes in air velocity, air temperature, 
humidity and surface area. The equations assume that the material is in 
equilibrium at the wet-bulb temperature of the air. If equilibrium has 
not been reached, or if heat is being added to the charge by radiation or 
conduction, such conditions must hi taken into account. For large tray 
dryers or continuous surfaces, the logarithmic mean difference should be 
substituted for the simple difference in AP, Aff and At. 

Figure 14 permits a ready estimate to be made of the relative rates of 
drying for various air temperatures and humidities. The chart is based on 
the difference between the dry-bulb and wet-bulb temperatures of the 
entering stream of air and on air velocity of 300 fpm. It may be as- 
sumed satisfactory for any material in the constant-rate drying period. 
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A correction curve to correct the air velocity in any pven problem is 
incorporated in Fig. 14. This curve is based on the variation of drying 
rate with the 0.8 power of the velocity. 

The use of Fig. 14 in practical drying problems is as follows : Since the 
drying conditions of temperature and relative humidity are fixed, the 
corresponding absolute drying rate is read from Fig. 14. This value is then 
multiplied by the correction factor corresponding to the air velocity em- 
ployed. The rate so obtained, however, does not include any effects of 
radiation or of conduction through unwetted surfaces. These effects 
tend to increase the rate of evaporation so tiiat the chart is conservative.® 

While it has been demonstrated empirically that the rate of drying during 
the falling-rate period is approximately proportional to the free water 
content of the material, actual calculations of drying during the falling- 
rate period are not satisfactory because of the number of variables involved. 
There are always present too many unknowns or experimentally deter- 
mined coeflScients, constants and limits. Consequently, whenever un- 
bound moisture is to be removed, it is best to determine drying time by 
means of pilot tests as indicated by Fig. 4. 

Although Fig. 14 is applicable only to the constant-rate period of drying, 
it has been found that some materials exhibiting a distinct falling-rate 
period are influenced by velocity, humidity and temperature in approxi- 
mately the same degree as is the case for the constant-rate period (see 
Figs. 4 to 7). For these materials a knowledge of the drying time under 
any set of conditions can be used to predict the dr3dng time under other 
conditions by analogy to the constant rate period. 

The following nomenclature will be used in the discussion of design cal- 
culations : 

H B humidity ratio of air, pounds of water vapor per pound of dry air 
Q ■» pounds of dry air supplied to the dryer per unit of time. 

S » pounds of stock dried per unit of time in a continuous dryer. 

S* » pounds of stock charged per batch to a discontinuous dryer. 

$ « time. 

Q ■« total heat supplied to the dryer. 
t air temperature. 
t* “ stock temperature. 

t** average stock temperature over short time interval, in a batch dryer. 
iw ■■ wet-bulb temperature, 
s' specific heat of the stock. 

B total radiation and conduction losses per unit time, 
to pounds of water per pound of dry stock, 
f « heat of evaporation of water. 

s » humid heat of air, t.s., heat necessary to raise 1 lb of dry air -f // lb of steam 
1 F deg. 

Subscript (1) designates conditions at the point where the material in question (air 
or stock) enters, and (2) where it leaves the dryer. 

Air dryers may be divided into two classes, those in which all moisture 
evaporated from the stock leaves the dryer as vapor in the effluent air, and 
those in which part or all of the moisture is condensed from the air in the 
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drying equipment Uaelf. In any continuoudy operating dryer of the first 
type the relation between moisture content of the stock and quantity of 
air required for the drying operation is pven by the equation: 

G {fit ~ Hi) ", S(i®i — wt) (4) 

In discontinuous d^ers, e.g., compartment dryers, the drying operation 
is given by the equation : 


G{Ht-Hd-S'^ (« 

In the continuous dryer, the heat consumption per unit time is: 

— « G'Si((i — ti) + G(rt + — t*t)(Ht — Hi) + S(l't — t'i)(t' + Wi) + B (6) 

9 

Equation 6 assumes continuity of operation. For charge or batch 
operations, the total time of the drying cycle may be broken up into a 
number of periods, sufficiently short so that over each period average 
values of t, t' and H may be employed provided the thi^ term of ue 
right hand member of the equation is modified to read : 

- «"•) (#' - ITl) 

and in the second term tft be replaced by 

i\ + ft 

2 

Theoretically these periods should be very short and the equation inte- 
grated. Practically, the error introduced by using a small number of 
long periods and employing average values of the variables over each is 
not serious. The evaluation of Equation 5 may be approximated in a 
similar manner. 

The first term of the right hand member of Equation 6 represents heat 
lost as sensible heat in the effluent air. In many drying operations this 
becomes excessive. Each pound of air supplied ^ould remove the maxi- 
mum amount of moisture. This is best accomplished by bringing the air 
into contact with the stock with sufficient intimacy so that the air leaving 
the dryer is saturated, or nearly so. Counter-current as against parallel 
flow of air and stock gives rise to optimum operating conditions, rraulting 
in a minimum quantity of air required (6), and a corresponding minimum 
loss, as sensible heat, in the exit air. Similarly, continuous operation is 
superior to intermittent operation. 

Despite the fact that the smisible heat loss increases with the rise in 
temperature of the air, the percentage of heat lost from this source d^ 
creases, provided the increase in moisture carrying capacity of the air, due 
to high temperature, is actually utilised. To secure maximum thermal 
efficiency in drjring, a high drying temperature and high saturation of the 
outlet air are imperative. 

The second term of the right member of Equation 6 represents the latent 
heat of evaporation of the water plus the heat to raise this water to the 
temperature of evaporation. The third term of the equation represents 
heat to raise the temperature of the stock plus the water which remains 
unevaporated in the stock. 

The changes taking place in the air during the drying process can be 
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illustrated on the skeleton psychrometric chart Fig. 15. The case illus- 
trated is typical of tunnel and rotary d^ers where heat is applied to the 
air at one point only. After the first adjustment stage during which both 
the material and the dryer reach the working temperature, the only heat 
losses from the dryer are those of radiation and conduction from the hous- 
ing and these are practically negligible for an insulated dryer. Hence, 
the drying process can be considered to be adiabatic. 

If 100 per cent outside air is used, the air can be considered to enter at 
point A, Fig. 15 (the prevailing outside air condition) and be heated to 
point B (the maximum permissible temperature tm or the temperature 
determined by previous test). As the air evaporates moisture, it cools 
along the constant wet-bulb line BD to point C. The difference between 
the moisture content of air at B and at C represents the moisture ptcfc up 
of the air. The m aximum possible pick up from B to D is never achieved 
in practical dryers; the actual pick up being anywhere from 10 to 75 per 
cent of the maximum. 

In order to conserve heat and to control the wet-bulb temperature at 



DRY BULB TEMPERATURE 

Fig. 15. Changes in Air During Drying Process 

which the drying takes place, recirculation is used. The process is shown 
on Fig. 15. The outside air at A is mixed with recirculated air until the 
moisture level is raised to the desired point. The mixture is represented 
at point M, the heaters heat the mixture to the desired dry-bulb tempera- 
ture tm at point S. The moisture is picked up from S to L. Point L is the 
condition at which air is exhausted. 

Actual dryer operation is somewhat more complicated because even if 
radiation and conduction losses are neglected, the wet-bulb temperature 
of the air remains constant only as long as surface evaporation of water is 
taking place. When sub-surface evaporation is occurring, some heat 
from the air is used to heat the material and hence there is a drop in wet- 
bulb temperature. Fig. 16 illustrates the diying process in a tunnel dryer 
in which the air is flowing parallel to the product.^ 

In design calculations using Equation 6, the following steps outline the 
procedure: 

1. The unit drying rate, pounds of water per hour, is determined from the experi- 
mental drying time curve and the amount of ]:)roduct to be dried per hour. The 
drying time may also be approximated from previous experience. 

2. The experimental data or experience also determine the drying condition, i.e., 
point L Fig. 15. This fixes Ht. Where experimental data are lacking L may be 
approximated from Regain Tables (see chapter Industrial Air Conditioning) since the 
relationship between the vapor pressure in the product and in the air at equilibrum 
for the desired final moisture content must prevail in the dryer. The dryer tempera- 
ture must be not greater than the maximum permissible product temperature. 
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3. The rate of air circulation G must be determined and also the supply air con- 
dition S. In the design of some dryers such as rotary or tunnel types, it is customary 
to determine S first and then to calculate the air rate G. In other types of dryers, 
such as tray dryers or through circulation dryers where a fixed air velocity is main- 
tained, G is calculated first and then point S is found. Because of the many variables 
involved, it is generally not possible to select S except on the basis of past experience 
or on the basis of experimental drying tests. ^ 

4. The prevailing outside air conditions establish point A and hence the line A L. 
The per cent of recirculated air can then be calculated. 

5. The physical arrangement of the dryer must then be selected to handle the 
desired quantity of product and at the same time circulate the calculated air quantity 
at the desired velocity. 

6. Equation (6) can then be used to calculate the heat requirements. 

TYPICAL SOLUTION OF DRYING PROBLEM 

Since there are so many types of dryers which may be used, and so 
many special conditions surrounding each particular problem, it is usually 
recommended that those having experience with the dryer to be used be 
consulted. The following example, however, will serve as a guide for 
typical dryer calculations.® 




Fig. 16. Temperature and Moisture Conditions in a Tunnel Dryer 
Parallel Flow Air and Product 


Example 1. Assume 900 lb per hour of ceramic powder is to be produced. The 
powder has a specific heat of 0.22 and density of 98 lb per cu ft, wet. Initial moisture 
content is 19 per cent on a wet basis; final moisture content is to be one-half of one 
per cent on a wet basis. 

A continuous belt dryer is a logical choice and previous experience indicates that 
rubber belts will withstand temperatures up to 200 F which is also about the highest 
desirable product temperature. Experience also indicates that a drying time of 45 
min is possible at about 160 F dry-bulb and 100 F wet-bulb. 

Step 1: Let x — pounds moisture at final condition. 


Then. ^ - 0.005 

or, X ** 4.5 lb moisture 

and therefore the solid will amount to 895.5 lb. 

Likewise the weight of the initial moisture z can be found 


from 


X 

895.5 -h X 


0.19 


or * 210 lb. 

The weight of moisture to be removed is 205.5 lb per hour and wet material entering 
dryer is 1105.5 lb per hr. 

Step S: Previous tests indicate that a } in. layer of powder gives satisfactory re- 
sults, and that a desirable air velocity is 50 fpm applied at a right angle to the belt. 
Based on 45 min (I hr) drying time, the dryer holding capacity will have to be 
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CHAPTER 48 

TRANSPORTATION AIR CONDITIONING 


Railway Passenger Car Air Conditioning, Passenger Bus Air Conditioning, 
Streetcar and Trolley Coach Heating and Ventilating, Automobile 
Air Conditioning, Airplane Air Conditioning 


T PIE principles of air conditioning applying to stores, restaurants, hospi- 
tals, theaters, and homes are applicable to railway passenger cars, 
passenger buses, automobiles, streetcars, trolley coaches, airplanes and 
ships. However, equipment used for mobile applications differs from that 
used for stationary purposes in that it must meet additional requirements. 
Equipment must be compact, accessible for quick inspection and servicing, 
light-weight and unaffected by vibration and impact. Freedom from vi- 
bration which could be transmitted to supporting vehicle and thus to 
passengers is essential. (For Air Conditioning Ships see Chapter 49.) 

RAILWAY PASSENGER CAR AIR CONDITIONING 

The railway passenger car represents a very difficult air conditioning 
problem. Space is strictly limited so that all equipment and ducts must be 
reduced to minimum size. Electric power supply and water supply also 
are limited. All equipment must withstand severe vibration and shock and 
must be very reliable in performance since major servicing points are fre- 
quently far apart. 

During heating season it is necessary to heat conventional cars with steam 
from locomotive at pressures that may vary from 250 psi to only 5 or 10 
psi on last car in long trains. Passengers in window seats must sit only a 
few inches from cold outside walls and windows, and must also be very close 
to standing radiation installed along sides of cars. Sudden changes in 
load may be caused by changes in sun, wind, or train movement. Even 
in coldest weather, outside doors must be opened frequently. 

During cooling season, the problem is further complicated by high con- 
centrated internal load represented by the passengers. Also, air distribu- 
tion problems are increased by low ceilings and short air throws. 

Heating 

The heating of passenger cars is accomplished by using a split system 
consisting of an overhead air circulating s^’^stem with heating and cooling 
coils and standing radiation (ffoor heat) along car sides. The floor heaters, 
which usually consist of finned tubing, may be made more efficient by using 
covers designed to increase gravity air circulation and to direct the warm 
air from finned heating surface along cold outside walls and car windows. 
In some new cars, wall convector panels are used and extend the full length 
of the car with air intakes along the floor and outlets at window-sill height 
and at window head height in dead-light panels. The heated wall panel 
protects passengers from cold outside walls and the chimney effect of 
slender panel duct increases air flow and improves heating surface efficiency. 

Steam may be used directly in finned tubing or steam may be used to heat 
a liquid, (usually a mixture of water and diethylene glycol), which is 
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circulated throu^ the finned tubing by means of circulators. If steam 
is used directly, it is difficult to distribute the heat uniformly along the 
length of the car. In the case of steam it is customary to divide long finned 
tubes into separate sections which are fed independently. This is not 
true zoning since it is not based on principles for zoning. (See Chapter 43. ) 

The finned tubing at floor must have sufficient capacity to offset effects 
of cold walls and windows during normal operation, and to heat the entire 
car to a-minimiun temperature of 60 F during standby when the overhead 
system is not operating. The maximum capacity required (determined 
by standby requirements) varies with car construction and design tempera- 
tures, but is approximately 90,000 Btu per how*. This requires a heating 
capacity in finned tube of approximately 650 Btu per linear foot. 

The overhead air heating coil must have sufficient capacity to heat out- 
side air brought into car for ventilation and to supply approximately 20 
per cent of internal heat loss of the car so as to permit supply of floor heat 
at all times at an output that will not be objectionable to passengers sitting 
near it. The usual capacity of overhead heating coil is approximately 
100,000 Btu based on 2400 cfm of circulated air with 600 cfm of this 
being outside air for ventilation. All Btu figures are approximations of 
actual heating requirements and do not include heat losses in trainline 
(or leakage) or losses in undercar piping. The heat losses in undercar 
piping can become a major portion of train heating boiler load on cars 
having many undercar loops and steam regulating devices. 

Refrigeration 

For cooling and dehumidification during summer, refri^ation may be 
obtained from ice bunkers, steam jet systems, mechanical compressors 
driven directly from car axle, by electric motors or by gas engines. Re- 
frigeration required varies with load conditions but tons per car is one 
capacity frequently used. Evaporative type condensers are sometimes 
used in combination with the usual air condenser on either steam jet or 
mechanical refrigeration. 

When an electric motor (approx. 10 hp) is used to drive the air condi- 
tioning compressor the electric power source is a problem. If power 
source is an axle-driven generator, there is an appreciable increase in the 
drag on locomotive, and power avaUable for r^rigeration, when train is 
stopped at a station, is limited to storage batteries. One solution to this 
problem is to use a d-c generator driven by a gas engine. Another is to 
use a Diesel-driven alternator in a special head-end car to furnish power to 
entire train. Recently there have been installations of a Diesel-driven 
alternator moimted on an individual passenger car to supply power re- 
quirements of car. The attractiveness of this type of installation can be 
increased by utilizing spare alternator capacity in winter for electric heat- 
ing. If this capacity is supplemented by e:^ust heat from the Diesel 
engine, there is sufficient capacity to heat entire car and provide hot water 
for wash rooms when outside temperatures are above approximately 30 F. 
This feature is important on trains using Diesel locomotives since it 
eliminates need for firing the steam heating boiler in locomotive dur- 
ing a portion of the year. 

Air Distribution and Cleaning 

Railway cars present critical problems in mr distribution because air 
space per passenger is small (60 to 190 cu ft), and sun load is great. 
An average passenger car contains approximatdy 5000 cu ft of air and 
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may seat as many as 80 passengers. The occupants are continually 
liberating heat, carbon dioxide, moisture, odors, and some organic matter 
from their breath, skin and clothing. The heat and moisture can be 
removed by cooling and dehumidification, but other constituents can be 
successfully handled only by proper ventilation and air cleansing. In an 
average car from 2000 to 2500 cfm are circulated by tlie air conditioning 
unit. Some of this air may be recirculated, but a portion of it should 
always be brought in from outside. The amount of outside air desirable 
depends upon type of car, number of passengers, air temperature, humidity, 
odors, and whether or not occupants are smoking, and will vary from 15 to 
90 per cent of total air circulated. 

Careful attention must be exercised in specif 3 ring rate of outside air 
taken in so as to fit type of service adequately and yet not to supply more 
ventilation than is necessary. Conditioning this outside air is a major 
factor in determining size of both summer and winter equipment. 

For normal conditions, 10 cfm of outside air per passenger are provided. 
When smoking is permitted, at least 15 cfm should be admitted. In some 
dining cars and deluxe sleeping cars, outside air rates as high as 20 to 30 
cfm per occupant are used. A ceiling duct lengthwise along center of the 
car is usually used to distribute the air to interior by fans or blowers. A 
perforated ceiling supplied from an overhead duct, or delive^ grilles and 
plaques designed to give considerable entrainment and mixing, are used 
to deliver air to car space. 

Smoking rooms present a special problem. The cloud of smoke that 
usually hangs near ceiling can be broken up by directing incoming air along 
ceiling at a velocity somewhat higher than that used for the rest of car. 
The air is exhausted through was&oom or lavatory. For compartments, 
provision is made in door or partition for removal of used air. Lower 
berths are provided with a low velocity air outlet. 

Becirculating air grilles are usually of straight flow type. Outside air 
intakes are usually located in vestibule, on side of car, or on roof, depending 
upon location of cooling coils. On many recently air-conditioned cars, 
there are no dampers or shutters at outside air intakes; the percentage of 
outside air is controlled by adjusting flow through the recirculating grille. 

A considerable number of coach cars are now being equipi^d with return 
air ducts fitted in structure of baggage racks. Part of air circulated is 
returned to blower unit through these ducts and part through car body. 
This arrangement reduces quantity and velocity of air returning through 
car body and removes smoke fumes at the source. This, and any other 
design features aimed at taking recirculated air at floor and adjacent to both 
end doors (rather than drawing all recirculated air to one end of car) 
also reduces infiltration of cold air in ankle height strata, when doors 
are opened during heating season. 

All air circulated by blower is filtered before passing over cooling and 
heating coils. In some cars outside and recirculated air are filtered sepa- 
rately before mixing, while in others air from the two sources is mixed 
before passing through a common filter. Filters in use are combinations 
of metal, wool, cloth, spun glass, hemp, paper, hair and wire screen. Most 
filters have a viscous coating of oil for greater cleaning efliciency. Some 
types may be cleaned, re-treated, and re-used, while other types are dis- 
carded when dirty. Applications are also being made of electric precipita- 
tion for air cleaning. In this system coarser particles are removed from 
air by mechanical separation, finer materials by electrostatic action. 

Activated carbon units sometimes are used in addition to the regular 
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filters for absorbing odors and other impurities, thus reducing the amount 
of outside air necessary for ventilation. 

Temperature and Humidity Control 

Controls in a passenger car should be as automatic as possible. The 
regular train crew cannot be relied on to make adjustments for comfort of 
passengers. For this reason latest systems of temperature control have 
only an off-on switch to be operated by train crew. When the system is 
in operation, heating or cooling is provided automatically as required. 

When heating, it is important that floor-heat finned tubing be controlled 
at stable temperatures. Wide fluctuation in its temperature is highly 
objectionable because of location close to passengers. Stable operation 
may be secured by controlling floor heat on basis of outside conditions 
(See Chapter 43 on zoning), and using an overhead air circulating system 
to maintain final car temperatures. 

Because of window condensation and other problems, no attempt is 
usually made to raise relative humidity in a railroad car in winter time. 

When cooling, the steam jet refrigeration system is controlled in an 
on-off manner. Some means are ordinarily provided for operating me- 
chanical compressor systems at partial capacity. In this case split evapora- 
tors are used, and evaporator surface and compressor are reduced together 
under light load conditions. 

Under very light cooling loads, relative humidity in a car tends to increase 
because of long off periods of refrigeration equipment. This can be pre- 
vented by starting refrigeration equipment on low capacity at an estab- 
lished outdoor air temperature, operating it continuously and using a 
heating coil in overhead system to re-heat sufficiently to maintain car 
temperatures. Under higher load conditions the heating coil becomes 
inoperative and compressor and evaporator capacity are increased as 
needed. 

Room type sleeper cars introduce a further problem of providing indi- 
vidual adjustment of room temperatures. Sometimes this individual 
control is secured by adjusting air volume, but such adjustment is unsatis- 
factory for overall conxfort, and may affect air supply to other rooms. 
Another method is to use the heaters at the floor to control room tem- 
perature but this tends to cause unstable and improper floor heat tempera- 
tures which may be objectionable to passengers. A simpler and basically 
more satisfactory system is to use a small booster heater in individual 
overhead air supply ducts to each room under manual control of occupant. 
In this case, floor heat and basic overhead systems are automatically 
adjusted for varying load conditions just as in a simple coach type car. 
A fixed amount of heat determined by occupant can be added by the room 
booster heater to maintain desired individual room temperature. Tem- 
perature lag is reduced in case of room boosters over use of gravity floor 
heating surfaces. Any adjustment of booster will give occupant immediate 
change in space conditions. The use of floor heat surfaces for room control 
may also mean low or excessive surface temperatures close to passenger, 
with resulting discomfort. 

STREETCAR AND TROLLEY COACH HEATING AND VENTILATING 

Streetcars and trolley coaches present a special problem in maintenance 
of satisfactory comfort conditions due to frequent opening of doors and 
hi^y fluctuating passenger load. Space limitations for ducts and a desire 
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to keep outlet grilles well above floor to facilitate car cleaning, add further 
problems to distribution system. Maintaining comfort conditions at 
driver's station cannot be overlooked since his term of occupancy is con- 
siderably longer than that of any passenger and because he is usually dressed 
more lightly than passengers. A separ^e source of heat is usually pro- 
vided for operator and is under his control. 

Heating and Ventilating 

Recently-built streetcars and trolley coaches use heat from air blown 
over main accelerating resistors and track switch resistors to heat passenger 
space. In the modern streamlined streetcars, designated P.C.C., approxi- 
mately 2400 cfm are drawn from car and blown over these resistors to dis- 
sipate their heat. In trolley coaches, an amount of 800 cfm is customary. 
The heated air is then delivered to passenger space or diverted to outside 
by means of dampers as required. If available heat from this source is 
insufficient, auxiliary electric heaters in supply ducts may be cut in. The 
air distribution system is 100 per cent recirculating when the maximum 
heating requirement is being met. At conditions other than maximum 
heating demand, part of air drawn from car is exhausted to atmosphere. 
Outside air enters car body, under these conditions, by infiltration at all 
cracks and through doors when opened at stops. 

The most recently-built streetcars have added ventilating fans in roof 
structure to introduce outside air through ceiling diffusing grilles. By 
governing volume of fresh air introduced through these roof fans in coor- 
dination with heated air distributing system, it is possible to maintain 
slight pressurization of passenger space and avoid inrush of air when doors 
are opened to load passengers. The roof fans also provide an effective 
means of maintaining lower inside temperature during summer operation. 
Ventilation tests on P.C.C. streetcars indicate that with 90 F outside 
temperature and above, 12,000 cfm is required to provide sufficient air 
change to keep inside temperature within a few degrees of outside air 
temperature and to provide enough air movement over passengers for 
comfort. The best results have been obtained by operating ventilating 
fans with windows closed. New cars provided with adequate ventilating 
capacity have been built with fixed sash. 

Control 

Temperature control consisting of equipment especially designed to with- 
stand vibration present on transportation equipment is used. Automati- 
cally operated dampers are used to control flow of heated air to passenger 
space or to direct heated air to atmosphere. An automatically operated 
rheostat or multi-point switch is used to vary speed of ventilating fans. 
Recent control system applications employ one thermostat to operate both 
heating dampers and ventilating fans in a modulating or graduated manner 
with compensating thermostat in heat supply duct to correct for wide 
fluctuations in air temperature available from resistors. Ventilating fans 
are usually stopped or operated at lowest speed during heating cycle, and 
then speed is gradually increased as car temperature rises above heating 
cycle control point. 

PASSENGER BUS AIR CONDITIONING 

The passenger bus designed for urban transportation operation presents 
a greater problem to designer of heating system than does the inter-urban 
bus. More frequent stops, and rapidly changing passenger load create 
this problem on urban vehicles. Provision of heat for driver independent 
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of paeseog^ heating gystem is a further problem. The inter-urbaa bus,' 
however, is usually a deluxe vehicle and may require a comfort cooling 
system. Space and wei^t limitations and vibration must be considered. 

Heating 

Recent designs of bus heating systems include unproved air distribution. 
Heat in engine coolant liquid is used to warm air by means of suitable 
finned coils and air is distributed throughout the passenger space by ducts 
and outlets di^l^ toward floor. Some designs include firmed surface 
near the floor similar to application of heating surface in railway passenger 
cars. Forced air circulation over this firmed floor heating surface has been 
provided to increase its effectiveness. Oil burning booster heaters have 
been applied to many Diesel-powered buses to raise temperature of engine 
coolant for maximum engine operating efificiency and to provide sufficient 
heat for passenger space. 

Ventilation 

Air for ventilation is usually brought into a bus at front and distributed 
throughout length of passenger space by a duct or ducts near ceiling. 
Except for a few desi^ employing 100 per cent outside air for heating, 
no heating of ventilating air has been provided. One recently designed 
distribution system for an inter-urban bus provides for a fixed minimum 
of outside air, and is arranged to increase percentage of outside air to 100 
per cent when heating or cooling load dimini^es. The distribution ducts 
and Aversion damper arrangement of this system make available two 
supply ducts and one return duct for heating and for cooling, with a change- 
over to all three ducts to supply air during intermediate ventilating cycle. 
This system permits utilization of atmospheric cooling and ventilation to 
greatest degree when it can be most economically employed in interval 
between heating and cooling demand. 

Conventional throw-away type filters or renewable filters are used in 
intake air ducts for many vehicles. Electrostatic filters have been success- 
fully used in some installations. The need for elimination of dirt is great, 
but the problem is complicated by space limitations and limited power. 

Refrigeration 

Summer conditioning systems for inter-urban vdiicles range in cooling 
capacity from 36,000 to 48,000 Btu per hour. Mechanical compression 
systems using refrigerants are used, and are powered by water-cooled 
gasoline engines of approximately 14 hp. 

Complete sj'stems add from 800 to 1300 lb to weight of coach. Some- 
times an auxiliary generator driven by the refrigeration s^tem engine is 
used and serves to help charge bus battery, thereby offsetting power drain 
imposed by the ventilating blower. Belted reciprocating compressors and 
direct-driven V-type and rotary compressors are used, with en^e speeds 
up to about 1800 rpm. Air-cooled condensers for this service require 
about 5000 cfm of outdoor air, and this is provided by either centrifugal or 
propeller type fans belted or direct-driven by air conditioning engine. 
Preventing noise and vibration from affecting passengers is of vital impor- 
tance. Installations must be so made that quick daily servicing of engine 
is possible. In all cases fuel is obtained from main bus tanks, and in some 
the m^ engine cooling qrstem cools the air conditioning engine. 
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Control 

Automatic temperature control is receiving more attention in design 
of new vehicles. Some municipalities and states have enacted laws re- 
quiring that buses operated on their Greets and roads be so equipped. 
T^e simplest control systems for heating of urban buses consist of a single 
thermostat to start and stop the blower of the heater unit. Improved 
heating S 3 ^tem 8 employ a thermostat to control liquid flow to heater cores 
by means of modulating valves in combination with a means of stopping 
heating blower when no heat is required. Heating and ventilating control 
is accomplished by controlling volume of fresh air over and above minimum 
required in accordance with temperature in passenger space. This is accom- 
plished through automatic modulating dampers in outside air intake or by 
var 3 ring speed of ventilating air blowers. 

In a large proportion of inter-city buses equipped with mechanical re- 
frigeration, a single thermostat is used to start and stop the cooling opera- 
tion. This may be accomplished by automatically starting an enmne- 
driven compressor on cooling demand or by engaging a clutch to &ve 
compressor. Modulated or graduated control of engine-driven compressors 
may be accomplished by automatic regulation of engine throttle controlled 
from a thermostat in the passenger space. Complete control sj^tems are 
available to coordinate operation of heating, ventilating and cooling equip- 
ment from a single thermostat with automatic change-over from heating 
to ventilating to cooling. 

AUTOMOBILE SUMMER AIR CONDITIONING 

Recently summer cooling has been applied to automobiles. The average 
present day automobile with little insulation, large, single glazed window 
areas, and high infiltration and exflltration losses, requires about 15,000 
Btu per hour of cooling capacity. One syst^ utilizes a reciprocating 
compressor belted from the main engine fan shaft thus operating at varsring 
spe^s up to 3000 rpm. The resulting refrigeration capacity varies from 
about 6000 Btu per hour at idling speed to 24,000 Btu per hour at maximum 
car speed. 

A dry air condenser is placed in front of the engine radiator, and the liquid 
and suction refrigerant lines run back under the car floor to the evaporator 
which is located in back of the rear seat. Conditioned air is delivered into 
the car just above the shelf near the back of the rear seat. A return grille 
is provided under the rear seat, and the recirculated air is filtered. Outdoor 
air is provided by infiltration. Power for the air circulating blowers is 
obtained from the car storage battery. Equipment of this nature increases 
the car weight approximately 200 lb. 

AIRCRAFT AIR CONDITIONING 

In the space of a few years, heating, cooling and ventilating of airplanes 
has progressed from comparatively simple systems to highly complex 
multi-purpose designs. The attendant control problem has become cor- 
respondingly complex. On older, non-pressurized planes, the heating sys- 
tem consists either of a steam boiler and radiator or a single stage or double 
stage heat exchanger. On both types, cabin temperature was adjusted 
by positioning face and bypass dampers. While these were sometimes 
moved by an automatic modulating control, in the majority of cases they 
were positioned by one of ship’s crew, with results which, while not satis- 
factory, were passable. As these planes cruised at less than 200 mph and 
norm^ly operated at low altitudes, changes in outside air temperatures 
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were generally gradual enough so that manual readjustment of controls 
could maintain reasonably comfortable cabin conditions. Nearly all of 
these heating systems were marginal in respect to heat available and the 
main problem was lack of heat, rather than inadequate control. 

Non-Pressuxized Cabins 

With the advent of the combustion t3rpe heater, and use of larger and 
faster planes, use of manual controls became impracticable. The com- 
bustion type heaters reach full rating in less than a minute after being 
turned on, and as they are rated at 100,000 Btu per hr and up, and since 
several heaters are generally used, it would take full time of one crew 
member to keep cabin temperature regulated. As ships of this type are not 
pressurized, the heating system is still comparatively simple. 

In one type two 100,000 Btu heaters are placed in parallel positions and 
ram air from an external scoop is passed through the heaters and discharged 
through a series of distributing outlets located in the cabin ceiling. The 
cabin air is discharged through grilles located in the bottom walls of the 
cabin. An auxiliary nose heater is used by the crew to obtain additional 
heat for the cockpit or for windshield defrosting. 

The cabin is maintained at desired temperature by means of an automatic 
control which operates both heaters simultaneously. This control con- 
sists of two duct thermostats, one being mounted in the air inlet duct 
between the air scoop and the heaters so that it is affected by outside ambi- 
ent temperatures, and the other being mounted in the heater outlet duct 
so that it is affected by the discharge air temperatures. A thermostat in 
the cabin is so located that a continuous stream of cabin air passes through 
it. This type of control has been found to respond to a 1 deg temperature 
change in less than a second. Its theory of operation follows. 

As the outside temperature starts to drop, the outside air duct thermo- 
stat decreases in resistance, unbalancing an electronic bridge. This un- 
balance is amplified by vacuum tubes and causes a power tube to close a 
relay, turning on the combustion heaters. The resulting increase in tem- 
perature is sensed by the warm air duct thermostat which increases in 
resistance, thus re-b^ancing bridge and causing relay to open. If there 
were no loss by radiation or convection from the aircraft cabin, these two 
duct thermostats would be sufficient for adequate control. However, the 
cabin thermostat is given approximately 30 times more influence than the 
duct thermostats and so acts as master controller, and the duct thermostats 
prevent over-heating or under-heating and keep discharge air from alter- 
nating between extreme cold and extreme heat. 

In a slightly more elaborate system, two combustion heaters supply a 
plenum chamber which is maintained at a constant temperature. Air 
from the plenum chamber is then mixed with outside air to maintain desired 
cabin temperature. All of the warm air is discharged into cabin through 
walls. The discharge grilles are located on floor under seats, and a modulat- 
ing type controller varies proportions of heated and outside air necessary 
to maintain desired cabin temperature. The same type of control system 
as previously described is used, except that an amplifier operates a two- 
phase motor capable of positioning control dampers instead of operating 
a relay which merely opens and closes fuel valve. An auxiliary duct, 
running from plenum chamber, is used by pilot as a source of windshield 
defrosting air. 
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Pressurized Cabins 

With the advent of new high speed pressurized transport planes and 
addition of cabin cooling in addition to heating, the control problem be- 
comes more complex. On all of these airplanes, the heat of compression 
from cabin supercharger must be controlled, air cycle or expansion turbines 
must be turned on and also, heat exchanger or combustion heaters, which 
are used in system when cooling is required for additional heat, must be 
automatically controlled. 

Assuming that one of these airplanes is operating in an extremely cold 
climate, the sequence of operation would be as follows : 

The automatic controller for supercharged air inter-cooler would be in full closed 
position, so that none of heat of compression would be removed, and air would b>rpass 
expansion turbine and its compressor and secondary after-cooler. An additional 
automatic controller would be operating the combustion heater and supplying addi- 
tional heat necessary to maintain desired cabin temperature. If a heat exchanger 
were used as a supplemental source of heat, a modulating control operating a damper 
on this exchanger would run towards full heat position. 

As airplane enters a warm climate and heat requirements drop, the combustion 
heater would cease operation or heat exchanger would go to full cold position, and 
modulating control on supercharge compressor would move towards cold position. 
When outside ambient temperature rises so high that cooling is desired, cabin super- 
charger intercooler would be opened wide. If further cooling were required, the air 
would go into an air cycle turbine, which is modulated to deliver required amount of 
cold air to maintain a comfortable cabin temperature. 

Pressure in the cabin is maintained by providing a controlled, constant 
rate of air flow into the cabin sufficient to maintain ventilation and adjust- 
ing the cabin pressure relief valve setting by means of a cabin pressure se- 
lector to maintain desired cabin pressure. Limits on maximum inside to 
outside pressure may be of the order of 4 or 5 psi and safety controls should 
be provided to prevent exceeding this. There is a maximum rate at which 
cabin can change to a newly selected value, this rate being in some cases also 
adjustable. 

The requirements for controls of this nature are extremely rigid. It is 
commonplace for ships of this type to experience changes in outside ambi- 
ent temperatures of as much as 100 deg in space of 5 minutes. For this 
reason, speed of sensing a change and rapidity of response in the control 
system is essential if satisfactory control is to be accomplished. The older 
type thermostats cannot be used in airplanes, due to mass of thermostat 
and to vibration experienced on all airplanes. All modem controls use 
some type of bridge system with temperature sensitive resistors as sensing 
elements. In some types of controls, bridge system feeds a sensitive 
balanced relay, which in turn runs a modulating motor or controls an 
on-off power relay. A recent sensitive and quickly responding type uses an 
electronic amplifier, which in turn controls a two-phase motor, or, through 
relays, controls a d-c motor, or merely closes and opens a power relay for 
on-off applications. 

In addition to extreme speed and accuracy which is required of all air- 
craft temperature controls, they must be able to operate under great ex- 
tremes of temperature, pressure and humidity, and also withstand contin- 
uous extreme vibration. Heaters should have, in addition to control from 
thermostats, suitable limit controls to prevent over-heating due to failure 
of air supply or for any reason. Also, there should be safety devices to shut 
off fuel in case of flame failure. 

On latest high speed jet airplanes^ the temperature control problem is 
still more severe than on latest transports; as in addition to accuracy re- 
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quired, control response must be phenomenally fast. For example, on 
some the air going to the cabin from jet engine compressor can change 
temperature at rate of 150 deg per second. This, coupled with the fact 
that on smaller size pursuit ships air is changed in cabin as much as four 
times per minute, makes instantaneous sensing of change and extremely 
rapid control movement essential. Also, in airplanes operating at Mach 
numbers in excess of 0.7, the control must react to large adiabatic tem- 
perature rises encountered. Some of these problems are so new that con- 
trols still have not been developed which will meet all of desired conditions. 
However, present studies being made by control manufacturers should 
result in developments of such controls in the near future. 
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MARINE HEATING/ VENTILATION, 

AIR CONDITIONING 

General Considerations, Ship Construction Features, Factors Affecting Design, 
Ventilation Requirement for Various Types of Space, Air Conditioning 
Space Treatment, Typical Air Conditioning Systems, Types 
of Refrigerating Systems, Dehumidification, 

Ship Insulation 


T he importance of adequate shipboard beating, ventilation, and air 
conditioning arrangements cannot be overemphasized. Installations 
must be designed to keep the passengers comfortable and the operating 
personnel ph3rsically and mentally fit. The provision of satisfactory living 
and working conditions is one of the most economical means of keeping a 
high morale. 


GENERAL CONSIDERATIONS 

A ship must be self-sufficient and provide for all human needs. Facilities 
must be limited to the minimum space and weight practicable to conserve 
dead weight and to increase the pay load. The pay load may be expressed 
in terms of cargo-carrying ability, passenger-carrying capacity, fighting 
strength, or towing ability. 

Conditions in living spaces must permit adequate rest and comfort. 
Passenger accommodations must be treated to provide service and living 
conditions similar to those afforded by the various classes of hotels. Many 
of the expedients used ashore for this purpose are not applicable afloat. 
For instance, all living quarters aboard ship caimot be located at a dis- 
tance from the power plant, but must often have boundaries in common 
with heat producing spaces. The thermal conductivity of shipbuilding 
materials such as steel, copper, brass, etc., is many times the value for 
building materials used ashore, and this, together with concentrated 
arrangement of equipment, produces a difficult heat transfer and insulation 
problem. Furthermore, the use of portholes, windows, skylights, and sim- 
ilar oi^nings is greatly restricted in marine applications because of the 
necessity for strength, water-tightness and protection from the sea in foul 
weather. During wartime, the utility of portholes, windows, and sky- 
lights is greatly restricted because they must be fitted with light-excluding 
devices. 

Mechanical ventilation is absolutely necessary for most shipboard spaces 
to enable the crew to operate the vessel, to prevent the accumulation of 
objectionable combustible and toxic gases, and to preserve stores and c^o. 
Shipboard equipment must also be reliable inasmuch as specialized servicing 
facilities are not available at sea and failure during an emergency may 
jeopardize the vessel’s safety. Adequate spare parts form an integral part 
of all equipment furnished. Experience has demonstrated that simple and 
foolproof heating, ventilating, and air conditioning arrangements are essen- 
tial for satisfactory service. The only variation between ship and shore 
applications is that emphasis is placed on different aspects of the design. 

937 
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SHIP CONSTRUCTION FEATURES 

The seaworthiness of a vessel is increased by subdividing the main hull 
space into a number of watertight compartments, so arranged that the 
vessel will not sink even when the hull is pierced in one or more places, by 
collision, torpedoing, or other causes. Every effort is made to avoid pene- 
tration of watertight subdivisions and, where openings must be cut, special 
closures are fitted. 

The ship’s interior is fitted with decks and flats (partial decks). The 
deck heights (floor heights) in cargo spaces generally vary from 9 to 30 
ft and in living quarters, from 7} to 9 ft. Usually in main machinery 
spaces, the entire depth is subdivided only by a few flats, with gratings pro- 
vided where necessary to service equipment. 

There is very little unassigned space on a ship, and many studies mxist 
be made to ascertain the arrangement of equipment which will best suit 
the conditions. Cuts in structural members must be limited in number 
and size. Lack of headroom and floor space often causes unsatisfactory 
drainage, inaccessibility, and other undesirable conditions. Air condi- 
tioning equipment must be located where it will interfere least with basic 
arrangements of major equipment and construction, and with ship stability. 

FACTORS AFFECTING DESIGN 

A ship is a self-contained structure capable of operating in a wide range 
of climates. The ventilation of most ships is designed on the basis of an 
88 F outside diy-bulb temperature. Heating facilities on merchant vessels 
are invariably selected for an outside temperature of 0 F dry-bulb, although 
ships encountering only moderately cold weather in normal service are de- 
signed for higher outside temperatures. Designers of naval vessels com- 
monly use 10 F outside dry-bulb temperature for estimating heating loads. 

Cooling loads for most comfort systems are based on 95 F dry-bulb and 
80 F wet-bulb temperatures. Inside conditions equivalent to from 73 to 
75 effective temperature are used. An 81 F dry-bulb temperature and 50 
per cent relative humidity are generally used for the design of comfort sys- 
tems, except those serving public spaces having relatively large latent loads. 
These are designed for 80 F dry-bulb and approximately 55 per cent rela- 
tive humidity. Bracket fans are supplied in many instances. Systems on 
naval vessels are designed for higher effective temperatures, and outside 
design temperatures of 88 F dry-bulb and 80 F wet-bulb are used. 

Preliminary design is simplified by the uniformity of the conditions 
which apply to most ships. Among such conditions are (1) the necessity 
for the vessel to supply its own power, (2) the availability of an unlimited 
supply of cooling water, (3) the all-year-round supply of low cost steam 
at suitable pressure, (4) the drastic restriction of shipbuilding materials 
because of strength requirements, corrosion resistance, and fire hazard, 
and (5) the limitation of available space and permissible weight. These 
limitations require precise layouts, with minimum design safety factor, and 
unusual attention to design details and to means for balancing sjrstems. 

The relation between supply and exhaust ventilation depends on the 
type of ^ace, and the relation of the space to the weather. Positive means 
for supply and exhaust must be provided. Ventilation through doors, 
windows, hatches, etc., should not considered in the basic design. 

It is usually most economical to heat spaces served by mechanical supply 
83 rstems with steam duct heaters, in order to save weight and space. 
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Table 1. Ttpical Heahno and Ventilation Pbactices fob Ships 


Type of 
Ventilation 



* H. B. — Hot Blast System. 
° D. R. — Direct Radiation. 
® T. A.— Tempered Air. 


Mech. 
or Nat. 
Mech. 
Mech. 
or Nat. 
Mech 
or Nat. 
Mech. 
or Nat. 


Mech. 
or Nat. 


Type Air 

OF Change 

Heating M^utes 


H.B.a 
dr D.R.b 
D.R. 
H.B 
or D.R. 

H.B 
or D.R. 

H.B. 
or D.R. 



H.B. 
or D.R. 


Mech. H.B. 

or D.R. 

Nat. or 

Mech 

Mech H.B. or D.R. 


Mech 
or Nat 
Mech. 


Mech. 
or Nat. 
Nat. 


Mech 
Mech 
or Nat 
Mech 
or Nat 
Mech 
Mech 
Mech 

Nat or 
Mech 
Mech 
or Nat 
Nat. or 
Mech 
Nat. or 
Mech. 
Nat. or 
Mech. 
Mech 
or Nat 
Mech. 
or Nat 
Mech. 


H.B 
or D.R. 

H.B 
or D.R. 



May be 
exhausted 
through Galleys 
and Pantries 

May be 
exhausted 
through Galleys 
and Pantries. 
Tempered Air 
Supply 


Tempered Air 
Supply 


Unit Heater if 
desired. 


Exhausting Ad- 
jacent Quarters. 


Spaces which do not have mechanical supply or do not require ventilation 
in cold weather are heated by steam convectors, or unit heaters where the 
load is large. Ventilation air, except that supplied to auxiliary and main 
machinery spaces, is usually preheated (50 to 70 deg). In addition, where 
blast heating is used, zone reheaters are provided. No recirculation 4s used 
on combined ventilation and heating systems, but manual speed reduction 
(25 to 50 per cent) is provided during the heating cycle. All heaters are 





















940 


CHAPTER 49 


1949 Guide 


automatically controlled, and preheaters are designed and installed to 
minimize the possibility of freezing of condensate. 

The usual combinations or variations of duct type and convection or 
radiant heaters are used, depending on basic design requirements, such as 
weight and space limitations, and economic justification for refinements. 

VENTILATION FOR VARIOUS TYPES OF SPACE 

In the paragraphs which follow the most important considerations are 
given for the treatment of the various spaces, but the resulting quantities 
of air should, in all cases, be checked with those shown in Table 1. 

Machinery Spaces 

The prime purpose of machinery space ventilation is to maintain a 
habitable temperature for the operating personnel. Of secondary impor- 
tance is the necessity for maintaining temperature conditions satisfactory 
for the successful operation of machinery. It is more practicable to use 
spot cooling of personnel at working areas than to attempt to obtain uniform 
ambient temperature. The permissible temperature rise at working sta- 
tions is usually about 15 deg, while the over-all temperature rise is usually 
between 30 and 50 deg. 

These spaces must be exhausted adequately, preferably by mechanical 
means. Every attempt should be made to remove air at or close to heat 
sources. The capacity of the mechanical exhaust systems should take 
into consideration the expansion of the supply air, and should be sufficient 
to insure an indraft through access openings to the space. 

Normally, heat is not required for machinery spaces except for those 
fitted with electrically operated equipment, which may remain inactive 
during periods while in port. Such spaces should be equipped so as to be 
heated to about 50 F during such periods. 

Living Spaces 

The minimum quantity of air required for any space which is fitted for 
sleeping or office work, including hospital space, should be that which will 
limit the temperature rise over the outside air conditions to not more than 
10 deg (a rise of 7 deg is more satisfactory if practicable), or a minimum of 
30 cfm per person, whichever is the greater. For spaces fitted for eating, 
recreation, or manual work the rise may be taken at 10 deg with not less 
than 20 cfm per person. The same requirement applies to mechanical 
exhaust, although natimil exhaust may be used where only a short run of 
duct exists. 

Heat should be furnished to maintain the following temperatures : 


Staterooms, Berthing, Messing and Office Spaces 70 F 

Working Spaces and Shops 60 F 

Hospital Spaces 75 to 78 F 


Toilets, Washrooms, Showers and Baths 

Spaces for these purposes should be fitted with mechanical exhaust ven- 
tilation for odor and steam removal. Generally, the surrounding living 
or wording spaces are exhausted through them. Air requirements on mer- 
chant vessels are commonly estimated on the basis of a 4 min rate of change. 
Where the amount of available air is limited by outside air requirements of 
air conditioning systems, rates of change as high as one change in 6 min 
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are used for private bathrooms. On naval vessels, the minimum total 
quantity of e^aust is that which changes the air within the compartment 
in 6 min, plus 25 cfm for each toilet fixture, plus 50 cfm for each shower 
head. 

Heat is obtained by use of convectoi^ radiators which should maintain a 
temperature of 70 F. 

Galleys, Bakeries, Laundries, and Food Handling Spaces 

The problem of the ventilation of spaces fitted for cooking and food 
preparation is primarily one of heat and smoke or fume removal. Com- 
plete mechanical exhaust is always provided, and the mechanical supply 
is made equivalent to at least 50 per cent of the exhaust. Sufficient natural 
supply to provide an indraft is required. The exhaust quantities should 
be predicated on restricting the ambient temperature rise to about 15 deg 
above the outside summer design air conditions. The resulting quantity 
will change the air in these spaces in about Vs to 1 min. All of the exhaust 
should be arranged to remove air from the space through hoods fitted over 
the heat producing equipment. The mechanical supply should blow air 
directly on the personnel, but away from the equipment, so as not to inter- 
fere with the flow of exhaust air to the hoods. 

The problem of ventilating laundries is somewhat similar to that for 
galleys. Experience indicates that the quantity of mechanical supply 
ventilation should be sufficient to change the air in the spaces in 1 to 4 min. 
The total exhaust (including tumbler dryers) should be equivalent to at 
least one air change per minute and at least equal to 120 per cent of the 
supply so as to insure an indraft of air. Generally, no heat is required for 
these spaces in winter, but preheaters are provided to temper the supply 
to between 45 and 60 F. 

/ 

Storerooms and Cargo Spaces 

The ventilation provided for these spaces depends on the t3rpe of vessel, 
location of space, and nature of cargo. 

On merchant vessels ventilation is required for all closed spaces. Even 
if ventilation is not necessary to preserve the stores or cargo, it is required 
to prevent the accumulation of toxic or combustible gases and putrid 
odors. One air change in 15 to 30 min is common practice, except where 
inflammable liquids or proximity to hot spaces requires additional venti- 
lation. Mechanical supply and natural exhaust are usually used. How- 
ever, where inflammable gases may exist, natural supply and mechanical 
exhaust are provided. 

It is the practice on naval vessels to omit ventilation where it is not 
necessary to preserve the stores, except for those spaces which hold inflam- 
mable liquids. The latter are provided with mechanical exhaust systems 
and natural supply. As spaces below the waterline are frequently damp, 
those which are unventilated may require chemical desiccants for removing 
moisture. 

Refrigerated stores and cargo spaces requiring constant temperature and 
humidity control require special treatment. 

AIR CONDITIONING SPACE TREATMENT 

The extent of the application of air conditioning to new American pas- 
senger ships is fairly well established. All passenger staterooms, except 
steerage and third class, are usually air conditioned. This includes state- 
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rooms for ship’s personnel and offices within conditioned passenger areas. 
Thiid class staterooms are air conditioned on some ships, depending on the 
particular trade. Theaters, lounges, smok^ rooms, beauty shops, barber 
shops and similar closed public spaces are usually air conffitioned. 

All messrooms, recreation rooms, captain’s and chief engineer’s state- 
rooms and offices, crew’s inboard rooms and those having fixed portlights 
are usually air conditioned on passenger vessels. Other living spaces are 
air conditioned on some ships and oidy ventilated and heated on others. 



Fio. 1. Abbanoement of Aib Conditioning Ststem with Centbal 
S uppLT Equipment and Individual Hot Watbb Room Reheatebs 

The treatment depends on the requirements of the operator and the pro- 
posed itinerary of the vessel. 

TYPICAL COMFORT AIR CONDITIONING SYSTEMS 

The various types of comfort conditioning systems used to date generally 
have followed conventional lines, except for those serving staterooms, 
offices, and similar small spaces. Large public spaces are fitted with indi- 
vidual systems which supply dehumidified and cooled air during the cooling 
cycle and warm air during the heating cycle. In many cases these rooms 
are fitted with large glass windows and doors, and require direct radiation 
to offset the downdraft which would occur in cold weather. Finned-tube 
radiation running the full length of the glass area is commonly used for 
this purpose. 

Sjrstems serving most public spaces are designed to provide all outside 
air M long as the refrigeration load is less than the capacity of the cooling 
equipment. Many central systems are simplified by using 100 per cent 
outside air all-year-roimd. 
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An important problem in ship air conditioning concerns the treatment 
of the small spaces such as passenger staterooms, offices, and crew quarters. 
Low headroom, congested quarters, double berths, and unsymmetric ar- 
rangements m^e each space a problem in air distribution and treatment. 

The simplest system used for small spaces consists of a central filter 
bank, supply fan, preheater, and cooling and dehumidifying coil. Zone 
reheaters are provided to tate care of variations in heating loads. Control 
of room temperature is achieved by manual dampers in the air supply to 



Fig. 2. Arrangement or Air Conditioning Ststem with Centrai. 
Supply Equipment and Individual Room Induction Units 


the space. A recirculation-exhaust fan is provided, which operates in con- 
junction with automatic dampers to utilize the maYimnm quantity of out- 
side air consistent with the capacity of the cooling coils. Manual speed 
reduction, without recirculation, is normally provided during the heating 
cycle. This system is used principally for third class, crew, and officers’ 
accommodations. The average total air per person is about 45 cfm, and 
average outside air about 15 cfm. 

A more popular system utilizes the same central supply equipment and 
recirculation-exhaust system as the one just described, except that the zone 
reheaters are omitted. Each space is provided with a small hot water 
reheater, automatically controlled by a room thermostat. Heat is pro- 
vided through a forced circulation, single pipe, hot water sptem in most 
cases. Fig. 1 shows a diagrammatic arrangement of this system. It 
should be noted that reheat is used to eliminate overcooling of the indi- 
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vidual spaces during mild cooling conditions. This system is generally 
used for staterooms and small spaces devoted to first and second class 
passengers. The average total air per person is about 60 cfm and average 
outside air per person is about 18 cfm. 

A third, less common, arrangement is a primary air system consisting 
of central filters, preheaters, cooling and dehumidifying coil, supply fan, 
and zone reheaters. In addition, each room is provided with an induction 
unit (floor type where possible) which reheats or recools the primary air 
supply. Automatic regulation of chilled or hot water flow, achieved by a 
room thermostat, controls the space temperature. The unit is provided 
with a drip pan and drain piping is required to remove condensation. 
Fig. 2 shows a diagram of this system, which is generally confined to pas- 
senger accommodations. The average primary (outside) air is about 35 
cfm per person. No recirculation is used. The amount of induced air 
varies with the unit design. 

Another system, which may be used to a limited extent, is similar to the 
third system, except that the room induction unit is used only to reheat 
the primary air, as all cooling and dehumidifying is done centrally. This 
simplifies the system and eliminates the unit ^ainage facilities. How- 
ever, as no recirculation is used, the primary (outside) air requirements 
are somewhat larger, averaging about 40 cfm per person. 

The duct work for all of the above systems may be designed for con- 
ventional velocities. However, if power is available, high velocity systems 
may be used providing suitably strong duct construction and adequate 
sound absorbing facilities are provided. 

TYPES OF REFRIGERATION SYSTEMS 

The kind of refrigeration equipment chosen for a particular vessel 
depends on the same factors which would govern selection on land. 

Small tonnages use reciprocating or radial (Freon) compressors. Ships 
requiring in excess of approximately 125 tons of refrigeration generally use 
centrifugal compressors. Steam jet refrigeration has proven satisfactory 
on several large foreign liners and is being seriously considered in this 
country for similar applications. The two essential prerequisities of the 
steam jet — ^low-cost steam and condenser cooling water — are available. 
Also, the simplicity of principle and operation is a very desirable feature 
even for small installations. 

Many ships have considerable refrigerated cargo space. The type of 
equipment used for this application should be kept in mind when selecting 
equipment to be used for air conditioning. This consideration can reduce 
materially the over-all cost, because a stand-by unit is always provided for 
cargo refrigeration. Also, most cargo systems are designed for cooling hot 
cargoes, and thus a large part of the capacity is available for comfort air 
conditioning most of the time. 

DEHUMIDIFICATION 


Merchant Vessels 

Many merchant ships are fitted with dehumidification facilities for elim- 
inating damage to the dry cargo by preventing condensation and damp- 
ness. The dehumidification load consists of moisture removed from the 
ventilation air passed through the dehumidifier, and also the moisture on, 
or given off by, the cargo, packaging, dunnage, battens, and other mater- 
ials in the ship’s holds. The most severe outside condition requires a 
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moisture removal of 90 grains (140-50) per pound pf dry air, with 88 F 
cooling water. The largest cargo ships are provided with equipment for 
removing about 250 lb of water per hour. 

The dehumidification systems generally utilize silica gel or lithium chlor- 
ide with inhibitor (see Chapter 38). fti most cases oentral drying equip- 
ment is provided, and a simple duct system distributes the dry air to the 
hold supply ventilation system. These ventilation systems use outside air 
when weather conditions are favorable. Recirculation and dehumidifica- 
tion are used only when necessary, t.c., when the weather dew-point 
approaches or exceeds the temperature in the hold On large passenger 
ships consideration is given to the use of two dehumidifying units, because 
the cargo-carrying spaces are usually concentrated at the extreme ends of 
the vessel. With this arrangement, almost all of the dry air distributing 
system may be eliminated. 

Naval Vessels 

The end of the war terminated the current need for a great number of 
naval vessels, and presented the problem of their economical preservation 
and readiness for speedy return to active service. This problem has been 
solved by making the ship a warehouse for its own non-perishable stores 
and supplies, painting the exterior, applying polar type rust preventives 
(requiring no later removal) to corrodible exposed metal, and sealing and 
dehumidifying the interior. Such ships can be returned to service in 10 to 
30 days. 

The dehumidifiers developed for this purpose are dual-bed, electric heat 
reactivating types, and represent improvements for their special applica- 
tion over commercially available equipment with respect to compactness, 
weight, reliability, performance, and economy. On most ships dry air from 
the machine is delivered to the remote portions of the vessel through the 
fire mains, which provide the most extensive piping system available. 
The air returns to the machine via accesses and passageways. Humidity 
is maintained constant at a prescribed value, usually 30 per cent, by a 
recorder-controller developed especially for the preservation program. 
This device continuously checks, records, and averages humidity readings 
of 8 sensing stations, located throughout the vessel, and starts or stops the 
dehumidifier accordingly. 


SHIP INSULATION 

In order to limit one of the major ventilation heat loads, which is that 
made necessary by heat transmission, and to prevent condensation, it 
is necessary to use insulation judiciously. The principal sources of heat 
in a ship are the power plant and sun load. The confinement or exclusion 
of this heat in the structure of a ship is not easy, principally because of 
the complex structural nature of the beams, stiffeners, bulkheads, decks, 
and hull. The continuous metal paths offer easy means of heat flow 
throughout the structure. 

Insulation cannot be used indiscriminately because of weight and space 
limitations. Therefore, higher heat transmission coefficients are accepted 
for insulated structures of certain classes of vessels, than would be con- 
sidered satisfactory ashore. Particular care must be taken to prevent 
metal-to-metal contact, which greatly reduces the effectiveness of the 
insulation. 

Hull insulation must be of high quality with particular attention given 
to fireproofness, low density, low thermal conductivity, ruggedness, vermin 
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resistant ability, and ^ ease of application. Board or blanket types are 
most common. 

Duct insulation must have the same characteristics as hull insulation. 
Semi-rigid board is most common, and the blanket type is used only for 
curved surfaces. Corrugated asbestos is not used because the presence of 
moisture tends to disintegrate it 

Preheaters are frequently located close to the outside air intake in order 
to conserve insulation, and for the same reason zone reheaters are located as 
close as possible to the zone Where a reheater serves only one space, the 
heater is commonly located in the space. 
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CHAPTER 50 

WATER SERVICES 


Estimate of Demand Load, Estimate of Pipe Capacity, Sizing of Cold Water Supply 
Piping, Hot Water Supply Piping, Storage Capacity and Heating Load, 
Methods of Heating Water, Computing Area of Heat 
Transmitting Surface, Control of Service Water 
Temperature, Solar Water Heaters 

P roper design of the water distributing system in a building is neces- 
sary in order that the various fixtures may adequately perform their 
function. The amount of either hot or cold water used in any building 
is variable, depending on the type of structure, usage, occupancy, and time 
of day. It is necessary to provide piping, water heating, and storage 
facilities of sufficient capacity to meet the peak demand without wasteful 
excess in either piping or equivalent cost. Most of the data on the sizing 
of the water supply pipes have been taken from various reports of the 
National Bureau of Standards^ 

ESTIMATE OF DEMAND LOAD 

The demand load in building water supply S3rstems is based on the number 
and kind of fixtures installed and on the probable simultaneous use of 
these fixtures. The essentials for making these estimates, consist princi- 
pally of Table 1 giving demand weights in terms of fixture units for different 
plumbing fixtures under different conditions of service and Fig. 1 giving 
estimated demand in gallons per minute corresponding to any total number 
of fixture units. Fig. 2 shows an enlargement of Fig. 1 for a range up to 
250 fixture units. 

The estimated demand load for fixtures used intermittently on any 
supply pipe will be obtained by multipl^ng the number of each kind of 
fixture supplied through that pipe by its weight from Table 1, adding 
the products, and then referring to the appropriate curve of Figs. 1 or 2 
with this sum. In using this method it should be noted that the demand 
for fixture or supply outlets other than those listed in the table of fixture 
units is not yet included in the estimate. The demands for outlets — such 
as hose connections, air conditioning apparatus, etc. — ^which are likely to 
impose continuous demand during times of heavy use of the weighted 
fixtures should be estimated separately and added to the demand for fixtures 
used intermittently, in order to estimate the total demand. 

ESTIMATE OF PIPE CAPACITY 

The size of iron pipe required to carry a given rate of flow with a given 
pressure drop may be determined from Fig. 3 for Fairly Roughs or Fig. 4 
for Rough Pipe, respectively*. 

Ferrous pipe, after a few years of water supply service even with the best 
of waters in respect to corrosion and caking, will have become sufficiently 
roughened so that it may be considered as fairly rough pipe and, hence. 
Fig. 3 may be used to estimate the capacity of ferrous pipe which will 
carry such water. With badly corrosive or badly caking water, the flow 
chart in Fig. 4 should be used to estimate capacities of ferrous pipe and no 
pipe should be smaller than } inch for this type of service. 

W 
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Tabu 1. Dbhand Wbiobts of Fixtubbb in Fixtubb Units* 


Fxxturb oh Ghoup^ 



Public 

Public 

Public. 

Public 

Public 

Public^ 

Public. 

Public 

Office, etc 
Hotel or restaurant 

Private. 

Private 

Private. 

Private. 

Private: 

Private. 

Private. 

Private.^ 

Private: 

Private 

Private: 


Type op Supply Control 


Plush valve 
Flush .tank.. 

Plush valve 

Flush valve 

Flush tank. 

Faucet 

Faucet 

Mixing valve. 

Faucet 

Faucet 

Flush valve 

Flush tank. 

Faucet 

Faucet 

Mixing valve 

Flush valve for closet 
Flush tank for closet 

Mixing valve. 

Faucet 

Faucet 

Faucet 


Weight in 
Fixture 
Units® 



* For supply outlets likely to impose continuous demands, estimate continuous supply separately and add 
to total demand for fixtures. 

■ For fixtures not listed, weights may be assumed by comparing the fixture to a listed one using water in 
similar quantities and at similar rates. 

* The given weights are for total demand. For fixtures with both hot and cold water supplies, the weights 
for maximum separate demands may be taken as H the listed demand for the supply. 


Fiq 1. Estimate Curves 
FOB Demand Load 

No. 1 for system predominantly 
for flush valves. 

No. 2 for system predominantly 
for flush tanks. 


FIXTURE UNITS 


■■■■■■■■■■■■■a 


FIXTURE UNITS 

Fio. 2. SaonoN or Fio. 1 on Enubobo Soau 
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Tabui 2. Pbbfobmancii RsQuiBBiniim or Watbb MoraBS* 


Size 

In. 

Normal Test-Flow Limits 

GPM 

Minimum Test-Flow 
GPM 


1 to 20 

* 

^ 

2 to 34 



3 to 63 


1 

6 to 100 

iS 

^ 

8 to 160 

2 

a 

16 to 315 

4 

4 

28 to 500 

7 

A 

48 to 1.000 

12 



* Amarican WaUr Work» ABBOciaiion Standarda: 

Registration. The registration on the meter dial shall indicate the quantity recorded to be not less than 
08 per cent nor more than 102 per cent of the water actually passed through the meter while it is being tested 
at rates of flow within the specified limits herein under normal test flow limits: There shall be not less than 
90 per cent of the actual flow recorded when a test is made at the rate of flow set forth under minimum test 
flow. 


As copper tubing is not likely to retain interior incrustation to any 
serious extent, Fig. 6 may be used safely to estimate carrying capacity 
of copper tubing*. 

SIZING COLD WATER SUPPLY PIPING 

In order to apply the foregoing principles to the sizing of the supply pipes 
in the usual up-feed system, it is necessary to ascertain the minimum 
pressure in the street main, and from this should be subtracted the mini- 
mum pressure required for the operation of the topmost fixture. (A 
pressure of 15 psi is ample for flush valves but reference should be made 
to the manufacturers’ requirements. A minimum of 8 psi should be allowed 
for other fixtures.) The pressure differential thus obtained will be avail- 
able for overcoming pressure losses in the distributing system and in over- 
coming the difference in elevation between the water main and the highest 
fixture. 

The pressure losses in the distributing system will consist of the pressure 
losses in the piping itself, the pressure losses in the pipe fittings, and the 
pressure losses in the \vater meter, if any. Estimated pressure losses for 
disc-type meters for various rates of flow are given in Fig. 6. Flow limits 


Table 3. Allowance in Equivalent Length op Pipe por Friction Loss in 
Valves and Threaded Fittings 


Equivalent Length of Pipe for Various Fittings 


Diameter 

OF Fitting 

In. 

00 Deg 
Standard 
Eli 

Ft 

45 Deg 
Standard 
EU 

Ft 

00 Deg 
Side Tee 
Ft 

Coupling 
or Straight 
Run of Tee 
Ft 

Gate 

Valve 

Ft 

Globe 

Valve 

Ft 

Angle 

Valve 

Ft 

^ 

1 

mm 

1.5 


0.2 

8 

4 



2 


3 


0.4 

15 

8 


2.5 


4 


0.5 

20 

12 

1 

3 


5 


0.6 

25 

15 

IH 

4 


6 

1.2 

0.8 

35 

18 



5 


7 

1.5 

1.0 

45 

22 

2. 

7 


10 

2 

1.3 

55 

28 

2H. 

8 

5 

12 

2.5 

1.6 

65 

34 


10 

6 

15 

3 

2 

80 

40 

s'jiirziizz 

12 

7 

18 

3.6 

2.4 

100 

50 


14 

8 

21 


2.7 

125 

55 


17 

10 

25 

5 

3.3 

140 

70 

6“z;lz; 

20 

12 

80 

6 

4 

165 

80 
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Fio. 3. Flow Chabt fob Faiblt Rough Pipe 

for disc-type meters, which may be regarded as the limits of recommended 
ranges in capacities, are given in Table 2. For information on other types 
of meters the manufacturers should be consulted. 

Estimated pressure losses for pipe fittings and valves in terms of equiva- 
lent pipe len^h are shown in Table 3. 

The pressure loss, in pounds per square inch, caused by the difference 
in elevation between the street main and the highest fixture may be ob- 
tained by multiplying the difference in elevation in feet by 0.43. 


FLOW IN GALLONS PER MINUTE 
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Fig. 4. Flow Chart for Rough Pipe 

Example 1 . Assume a minimum street main pressure of 55 psi ; a height of topmost 
fixture above street main of 50 ft ; a developed oipe length from water main to highest 
fixture of 100 ft; a total load on the system 50 fixture units: and that the water closets 
are flush-valve operated. Find the required size of supply main. 

From Fig. 2 the estimated peak demand is found to be 51 gpm. From Table 2 it is 
evident that several sizes of meters would ade(j[uately measure this flow. For a trial 
computation choose the l}4 in. meter. From Fig. 6 the pressure drop through a IH in* 
disc-type meter for a flow of 51 gpm is found to he 6.5 psi. 

Then the pressure drop available for overcoming friction in pipes and fittings is 
55 - (15 + 50 X0.43 + 6.5) - 12 psi. 
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Fig. 5. Flow Chart fob Copper Tubing 

At this point it is necessary to make some estimate of the equivalent pipe Ici^th 
of the fittings on the direct line from the street main to the highest fixture. The 
exact equivalent length of the various fittings cannot now be determined since the 
pipe sizes of the building main, riser, and branch leading to the highest fixture are not 
known as yet, but a first approximation is necessary in order to make a tentative 
selection of pipe sizes. If the computed pipe sizes differ from those used in deter- 
mining the equivalent length of pipe fittings, a recalculation will be necessary, using 
the computea pipe sizes for the fittings. For the purposes of this example assume 
that the total equivalent length of the pipe fittings is 50 ft. 

Then the permissible pressure loss per 100 ft of equivalent pipe is 12 X 100/(100 + 
50) « 8 psi. 
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Assuming that the corrosive and caking properties of the water are such that Fig. 
3 for fairl.y rough pipe is applicalile, a 2 in. building main is found adequate. 

The sizing of the branches of the building main, the risers, and fixture branches 
follow the principles outlined. For example, assume that one of the branches of the 
building main carries the cold water supply for 3 water closets, 2 bath tubs, and 3 
lavatories. Using the permissible pressure loss of 8 psi per 103 ft, the size of branch 
determined from Table 1 and Figs. 1 and 3 is found to be in. Itemsentering the 
computation of pipe size arc given in Table 4. 

The principles involved in sizing either up-feed or down-feed systems 
are the same. The principal diiTerence in procedure is that in the down- 
feed system the difference in elevation between the house tank and the 
fixtures provides the pressure required to overcome pipe friction. 

The >vater demand for ho.se bibbs or other large demand fixtures taken off 
the building main is frequently the cause of inadequate wnter supply to the 
upper floor of a building. This robbing of upper floor fixtures of wnter 
may be prevented by sizing the distribution system so that the pressure 
drops from the .street main to all fixtures are the same. It is good practice 
to maintain the building main of ample size (not less than 1 in. where 
possible) until all branches to hose bibbs have been connected. Where 
the street main pressure is excessive and a pressure reducing valve is used 
to prevent water hammer or excessive pressure at the fixtures, it is fre- 
quently desirable to connect hose bibbs ahead of the reducing valve. 


Table 4. Computation of Branch Size in Example 1 


Fixtures 

No. AND Kind 

Fixture Units 
(From Table 1 and Note c) 

Demand 
(From Fig. 2) 
Gpm 

Pipe Size 
(From Fig. 3) 

In. 

3 flush valves 

2 bath tubs 

3 lavatories 

3x6 - 18 
«(2x21 - 3 
^(3x1)- 2.25 



Total 

23.25 

38 

IH 
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HOT WATER SUPPLY-PIPING 

It is common practice to provide circulating piping in all hot water supply 
systems in which it is desirable to have hot water available continuously 
at the fixtures. In average sized and small residences and systems, in 
which the piping from the heater to the fixtures is short, return circulating 
piping is generally omtted in order to reduce instdlation cost and to reduce 
heat loss from the piping, particularly during periods of no water demand. 

The hot water supply may be distributed by either an up-feed or down- 
feed piping system. Three common methods of arranging the circulating 
lines are shown in Fig. 7. Although the diagrams apply to multi-story 
buildings the arrangements (a) and (6) are sometimes u^ in residential 
designs. 

A check valve should be provided in the run-out from each return riser 
to prevent temporary reversal of flow in the piping when a faucet is open. 


W 


f' 

I 


t 




(a) 




u « 


L I 


Fio. 7. Mbthoob or Arrangino Hot Watrr Circulation Lines 


Proper air venting of a circulating system is extremely important, particu- 
larly if gravity circulation is employed. In Fig. 7 (o) and (b) this is accom- 
plished by connecting the circulating line below the top fixture supply. 
With this arrangement, air is eliminated from the S3rstem each time the 
top fixture is opened. 

l^liere an overhead supply main is located above the highest fixture as 
in Fig. 7 (c), an automatic float type air vent is installed at the highest 
point of the system or a fixture branch is connected to the top of the main 
where air venting is desired and then dropped to the fixture outlet. 

It is sometimes necessary to make an allowance for pressure drop through 
the heater when sizing hot water lines, particularly where instantaneous 
hot water heaters are used and the available pressure is low. 

The principles involved in the sizing of the hot water supply pipes are 
the same as those for the sizing of cold water supply lines. For small and 
medium sized installations a ^-in. hot water return will be ample. For 
larger installations the size of the hot water return may be computed from 
considerations of the heat losses in the hot water piping*. A throttling 
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valve diould be placed in the hot vnter return pipe bo that the rate of cir- 
culation may be adjusted. 

Where the hot water piping system is exceedin^y long, a water circu- 
lator is frequently installed and controlled from an immersion thermostat, 
in the return line, set to start and stop Ihe pump overapproximately a 20 F 
deg temperature range. 

STORAGE CAPACITY AND HEATING LOAD 

In estimating the size of hot water storage tank required and the heating 
capacity to be provided either from the boiler or from an independent 
domestic hot water heater, it is necessa^ to know the total quantity of 
water to be heated per day, and the maximum amount which will be used 
in any one hour, as well as the duration of the peak load. 

In cases where the requirements for hot water are reasonably uniform, 
as in residences, apartment buildings, hotels, and the like, smaller storage 


Table 5. Estimated Hot Water Demand per Person for Various 
Types of Buildings 


Type of 
Building 

Hot Watee 
Required 

AT 140 P 

Max. Hourly 
Demand in 
Relation to 
Day's Use 

DURAnON 
OF Peak 
Load 
Hours 

Storage 
Capacity in 
Relation to 
Day's Use 

Heating 
Capacity in 
Relation to 
Day's ITsb 

Residences, apartments, 
hotels, etc. 

40 gal per 
person per day 

1/7 

4 

1/5 . 

1/7 

Office 

buildings 

2 gal per 
person per day 

1/6 

2 

1/5 

1/5 

Factory 

buildings 

5 gal per 
person per day 

1/8 

1 

2/5 

1/8 

Restaurants 
t0.50 meals 
tl.00 meals 
$1.50 meals 

1.5 gal per meal 

2.5 gal per meal 

4.5 gal per meal 



1/10 

1/10 

Restaurants 

8 meals per day 


1/10 

8 

1/5 

1/10 

Restaurants 

1 meal per day 


1/5 

2 

2/5 

1/5 


capacity is required than in the case of factories, schools, office buildings, 
etc., where practically the entire day’s usage of hot water occurs during a 
very short period. Correspondingly, the heating capacity must be pro- 
portionately greater with uniform usage of hot water than with inter- 
mittent usage where there may be several hours between peak demands 
during which the water in the storage tank can be brought up to tempera- 
ture. As a general rule it is desirable to have a large storage capacity in 
order that the heating capacity, and consequently the size of the heater, 
or the load on the heating boiler, may be as small as possible. 

In estimating the hot water which can be drawn from a storage tank it 
should be borne in mind that only about 75 per cent of the volume of the 
tank is avaUable, as by the time this quantity has been drawn off the in- 
coming cold water has cooled the remainder down to a point where it can 
no longer be considered hot water. 

Where steam from the heating boiler is used to heat domestic hot water, 
the computed load on the boiler iffiould be increased by 4 sq ft EDR (equiva- 
lent direct radiation) for every gallon of water per hour heated through a 
100 F rise. The actual requirement is (100 X 8.33)/240 = 3.48 sq ft per 
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gallon of water heated 100 F« .The value of 4 allows for transmissiou 
losses, etc. 

There are two wa3rs in common use of estimating the hot water require- 
ments of a building ; first, by the nufnber of people and second, by the num- 
ber of plumbing fixtures installed. Where the number of people to be 
served or can be reasonably estimated, the data in Table 5 may be used. 

Example f . From Table 5, a residence housing five people would have a daily 
requirement of 5 X 40 « 200 gal per day, and a maximum hourly demand of 200 X 1/7 
■> 28.5 gal. The heater should nave a storage capacity of 200 X 1/5 » 40 gal and a 
heating capacity of 200 X 1/7 « 28.5 gal per hour. 

The conditions given in Example 2 may be cited as average. It is pos- 
sible to vary the storage and heating capacity by increasing and decreasing 
one over the other. Such a condition is illustrated in Example 3. 

Example S. Assume an apartment house housing 200 people. From the data in 
Table 5; Daily requirements » 200 X 40 » 8000 eal. Maximum hours demand « 
8000 X 1/7 =*1140 gal. Duration of peak load *= 4 nr. Water required for 4-hr peak 
» 4 X 1140 » 4560. 

If a 1000 gal storage tank is used, hot water available from the tank =* 1000 X 
0.75 B 750. Water to be heated in 4 hr *= 4560 — 750 » 3710 gal. Heating capacity 
per hour *= 3710/4 **= 930 gal. 

If instead of a 1000 gal tank, a 2500 gal tank had been installed, the required heating 

,, 1. 4560 - (2500 X 0.75) ,,, , 

capacity per hour would be ■= 671 gal. 


Table 6 may be used to determine the size of water heating equipment 
from the number of fixtures. To obtain the probable maximum demand 
multiply the total quantity for the fixtures by the Demand Factor in line 
11. The heater or coil should have a water heating capacity equal to this 
probable maximum demand, Tlie storage tank should have a capacity 
equal to the probable maximum demand multiplied by the storage capacity 
factor in line 12. Example 4 will illustrate the procedure. 


Example 4* Determination of heater and storage tank size for an apartment 
building from number of fixtures. 


60 lavatories X 2 *= 120 gal per hour 

30 bath tubs X 20 *= 600 gal per hour 

30 showers X 75 *= 2250 gal per hour 

60 kitchen sinks X 10 ■■ 600 gal per hour 

15 laundry tubs X 20 - 300 gal per hour 


Possible maximum demand => 3870 gal per hour 

Probable maximum demand » 3870 X 0.30 «• 1161 gal per hour 

Heater or coil capacity => 1161 gal per hour 

Storage tank capacity » 1161 X 1.25 « 1450 gal 


METHODS OF HEATING WATER 

Hot water may be heated either by the direct combustion of fuel, by an 
intermediate carrier such as steam or hot water, or by electrically heated 
surfaces. The simplest method is to have the ^ on one side of a metal 
barrier and water on the other. In such a method if the water surfaces 
of heat transfer are small, and if the water carries a heavy proportion of 
precipitable salts, the water passages may soon clog and then bum out. A 
familiar example of such trouble is the water back of the firebox in the 
kitchen stove or the pipe coil inserted into the firebox of a warm air furnace 



W«t«rServlcM 


957 


or ^wrm.11 boiler. The critical water temperature, at which the lime, mag- 
nesia, etc., collect on hot surfaces, varies with the character and proportions 
of the solids, but generally such deposits are not a serious trouble with 
water temperatures lower than 140 F. 

Coal-burning, direct-fired water heaters may be constructed of cored 
cast-iron sections or of steel. In some cases the external appearance of 
the cast-iron sections is the same as in heating boilers, but internally the 
cores are changed to enable the sections to withstand the city water pres- 
sure. In smafi capacity water heaters, efficiency is not considered so 
important as low fimt cost and ability to maintain a fire at a low rate of 
combustion, and consequently such heaters are generally built with a dry 
section or fire-brick lining at the base of the fire-pot to prevent too much 
chilling of the fuel. While mud and scale will eventually clog the water 
ways of any direct-fired heater, increased life may be obtained by pro- 


Table 6. Hot Water Demand per Fixture por Various Types op Buildings 
Gallons of mUer per hour per fixture, calculated at a fined temperature of 140F 


] 

Apart- i 

MINT 

Houai 1 

1 

Club 

Gtm- 

NAsnni 

Hos- 

pital 

Hotbl 

Indpo- 

TBIAL 

Plant 

Oppicb 

Build- 

INO 

1 

Privatb 

Rksi- 

DKNCB 

1 

1 

1 School 

yjd. 

CA, 

1. Basins, private IftTfttorjr 

n 

2 

B 

B 

PHI 

n 

B 

wm 

1 ^ 

2 

2. Basifii, public Iavatory.._. 

B 

Bn 

B 

B 



B 

\ 

1 " 

8 

3. Bathtubs 

20 

20 

30 

20 i 

20 1 

30 

.... 

20 

PHI 

30 

4. Dishwashen. 


50-150 

.... 




.... 

15 


20-100 

5. Foot basins. . 

3 

3 

12 

3 

3 

12 

.... 

3 

3 

12 

6. Kitchen rink 

10 

20 

.... 

20 

20 

20 

1 .... 

10 

10 

20 

7. Laundry, stationaiy tubs 

20 

1 " 

28 

.... 

28 

28 


■m 

20 

.... 

28 

S. Pantry rink.. 



— 


10 


mm 

mm 

10 

10 

9. Showers 



225 

75 

75 

225 

mm 

75 

225 

225 

10. Slop rink. .... 

20 1 

1 «* 

... 

20 

30 

20 

15 

15 

20 

20 

11. Denoand factor ...... 

0.30 1 

1 0.30 

0.40 

0.25 

a25 

0.40 

0.30 

0.30 

0.40 

0.40 

12. Storage capacity faetom .... 

1.25 

0.90 

1.00 

0.60 

0.80 

1.00 

2.00 

0.70 

1 1.00 

1 

1.00 


* Ratio of storage tank capacity to probable maximum demand per hour. 


viding a three-way cock in the return line between the heater and the 
bottom of the storage tank, so that water can be blown through the heater 
or the tank separately at full line presstue to clean out loose %diment. 
Clean-out openings in the bottom of the heater are advantageous if used by 
operators of water heaters for periodic cleaning out of sediment. 

Oil-burning, direct-fired water heaters usually are of steel and operate 
with higher flame temperature and better efficiency than commensurate 
sized coal-burning heaters. They have the same tendency as coal boilers to 
to lime up, and the water passages riiould be large in cross-section and ac- 
cessible for periodic cleaning. 

Gas-burning, direct-fired water heaters may be of the instantaneous or 
storage t}rpe. Instantaneous heaters are generally constructed of spiral 
water tutes of copper around which the products of combustion circulate 
upward from high capacity burners. Storage-type heaters may include 
in one unit an insulated storage tank, a combusion chamber, flues, burner 
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equipment, and controLs, or may consist d a separate stoi^ tank and 
external direct-fired water heater, which may be a so-called aide-arm heater 
for small capacity or a gas-fired boiler for larger capacity. Gas bmlers 
used for direct hot water supply must be able to withstand the city water 
operating pressure. While direct-fired gas heaters are used generalljr for 
residences and small installations of 100 ^ storage capacity or less, indirect 
heaters are recommended for larger installations. 

Chimney connections for all duect-fired, fuel burning water heaters are 
an important consideration. Refer to Chapter 19. 

Electric water heaters for domestic hot water supply are described in the 
section Heating Domestic Water by Electricity in Chapter 30. 

In the indirect method either steam or hot water is used for heating the 
water. With steam the water to be heated is preferably circulated around 
the outside of the steam tubes which are submerged within a tank. A 



Fig. 8. Indibect Water Hbatbb 


tjrpical indirect heater using steam is shown in Fig. 8. The coils usudly 
are of copper and are {7-shaped to permit expansion and contraction. 
The shell may be of steel, copper, or with a special inside protective lining. 
Where straight heating tubes are used, one end of the tube is usually ex- 
panded into a floating head to take care of expansion. The coils should be 
capable of easy withdrawal for inspection and for removal of scale. Instead 
of steam, the heating medium may also be hot water inside the tubes. 

Another method of transferring heat from a heating boiler to the domestic 
water is illustrated in Fig. 9. The water heater is generally a cast-iron 
shell within which there is located a spiral copper coil. Hot water from the 
boiler circulates inside the shell and around the coil, and retu^ to the 
boiler, while domestic water from the storage tank circulates inside the 
coil. The storage tank should be installed with the bottom of the tank as 
far above the boiler as possible. Horizontal storage tanks sutler than 
18 or 20 in. diameter are not recommended because of the difficulty of 
preventing the hot and cold water from mixing, and especially is this an 
important consideration when lar^ quantities of water am withdra^. 
In Fig. 10 the heat transfer surface is placed inside the boiler instead of in a 
separate vessel, but otherwise the Deration is similar to that of Fig. 9. 
This arrangement with vertical tank is commonly used for small domestic 
installations. 

Sometimes the heating element is located inside of the larger type fire 
tube boilers and hit>a11 residential boilers. In this case the heat transfer surface 
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is in the form of a number of straight copper tubes with rear U bends or a 
floating head, inserted throu^ a special opening in the boiler, li^ile the 
coil may be located in the steam space above the water line of a steam boiler, 
it operates more satisfactorily when below the water line since clogging of 
the water tubes may thereby be delayed. » This method is, widely used with- 
out storage tanks since the intimate contact and efficieht circulation of the 
water in this arrangement permit the utilization of the heat stored in the 
water of the boiler. A thermostatic three-way mixing valve is frequently 
used to maintain a uniform temperature of the hot water supply to the 
plumbing fixtures. 

In order to reduce clog^ng by precipitated solids, water heating plants 
sometimes develop steam in a clo^ circuit, transferring the heat through 


tp lhrtiint 



Fig. 9. Indirect Water Heater Mounted on Side of Boiler 


a tubular heater to the domestic water. The water in the primary heater, 
exposed to the high temperature of the fire, is repeatedly used and hence 
has no appreciable tendency to deposit scale, while the domestic water, 
heated by steam at a much lower temperature than that of the fire, also 
exhibits a much reduced tendency to precipitate dissolved salts. 


COMPUTING HEAT TRANSMITTING SURFACE 


The area of the inside surface of a heating coil may be determined from 
Equation 1. 


A 


Q X 8.33((» - <i) 
UXU 


( 1 ) 


where 

A ■> surface area of coil, square feet. 

Q quantity of water heated, gallons per hour, 
fs hot water outlet temperature, degrees Fahrenheit. 
ti ■■ cold water inlet temperature, degrees Fahrenheit. 

U » coefficient of heat transmission, Btu per (hour) (square foot) (degree Fahren- 
heit logarithmic mean temperature difference). 

For copper or brass coils U 240 (steam) and 100 (hot water). 

For iron coils U ■■ 160 (steam) and 67 (hot water). 
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tm logarithmic mean of the difference between the temperature of the heating 
medium and the average water-temperature and is approximately: 



U - temperature of the heating medium, degrees Fahrenheit. 

Equation 1 may be used to check the heating coil ratings under tempera- 
tures other than those stated in the manufacturer’s published ratings. 

Example 6, What area of copper transfer surface will be required to heat 70 gal 
of water per hour from 40 to 180 F with boiler water at 220 F? 


tux 



(180 + 40) 1 

2 J 


110 


A 


702<8-33(W0 -4 0) 
ioo X lib 


7.42 sq ft. 


For instantaneous submerged heaters the surface required will depend 
upon (1) the velocity of water in the tubes, (2) the boiler water tempera- 


HolMitr 



Fig. 10. Indirect Water 
Heater Placed in Boiler 


ture, (3) the inlet water temperature, (4) the outlet water temperature, 
(6) the cleanliness of the coil surface, and (6) the condition of the boiler 
water surrounding the coil. If the heater is located in the water of an ac- 
tively steaming part of a boiler, the heat transfer may be twice as great 
as would be obtained if the water surrounding the coil were circulating 
slowly. Ratings of instantaneous water heating coils will therefore vary 
greatly, depen£ng upon the assumptions made regarding the conditions 
of operation. The values of the coeflScient of heat transmission for in- 
stantaneous heaters shown in Table 7 are conservative. 

For a coil in which heat is transferred from steam to water the value of 
U = 300 \/v may safely be used (v = velocity of water in feet per second). 

The rate of heat transfer between steam or water as the carrier and the 
domestic water is influenced by the rate of movement of both the carrier 
and the water which receives the heat. For this reason, where the transfer 
occurs from heating system water to domestic water, it is good practice to 
install a circulating pump to insure rapid movement of the boiler water. 

In view of the high condensation rates obtained when steam is used with 
gravity circulation from the boiler, as when there is a sudden demand 
followed by an inflow of cold water, the bottom of a steam heating transfer 
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Table 7. CoBPFiaBNT op Heat Tbanspbr op Instantaneous Water Heaters 
U « Btuper {hr) {sqft) {Fahrenheit degree logarithmic mean temperature difference) 


Boiler Water Temperature. 

210 

200 

180 

T7 

225 

175 

150 



element always should be at least 30 in. above the boiler water line, and 
the steam and condensate return pipes should be of liberal size. Otherwise 
water hammer and reduced capacity may result due to imperfect drainage 
of condensate. 

When connecting a transfer-t 3 rpe hot water heater below the waterline 
of a cast-iron steam boiler having vertical sections, there should be a sepa- 
rate tapping for water circulation into every section of the boiler, as shown 
in Fig. 9, unless the boiler has large top nipple ports providing inter-sec- 
tional circulation. If the top nipples are entirely within the boiler steam 
space, no internal circulation occurs between sections and steaming may 
occur in sections not connected to the heater and further the unconnected 
sections will not deliver any heat to the heater. 

CONTROL OF SERVICE WATER TEMPERATURE 

Coal-fired boilers are usually controlled by an immersion thermostat 
located in the heated water, which opens or closes draft dampers at the 
boiler to adjust the rate of fuel combustion. With oil or gas-fired boilers 
the immersion thermostat controls the oil burner or the automatic gas valve. 
The gas pilot flame usually burns continuously. With electric heaters the 
immersion thermostat operates a switch on the source of energy. 

When steam or hot water is the medium for heating the water in the 
tank, an immersion thermostat is used to control a valve in the steam or 
hot water supply line. In small residence installations, using water as the 
carrier, a combined immersion thermostat and butterfly valve in one simple 
fitting may be installed in the transmitting circuit to prevent over-heating 
of the service water. 

In residences heated by pump circulated hot water, the house tempera- 
ture is controlled by operating the circulating pump intermittently, while 
domestic hot water is warmed by transfer from the house boiler, inde- 
pendent of the pump operation. The domestic water is heated from the 
heating boiler the year 'round. Under such an arrangement, to prevent 
overheating the house by thermal circulation when the pump is not running, 
it is usual to insert a weighted check-valve in the house heating main, so 
that no circulation to the house heating system can occur unless the pump 
operates. In summer the fire may be controlled to maintain a boiler water 
temperature lower than when heating, and generally about 20 F warmer 
than that desired in the domestic hot water system. 

In buildings which have restaurants it is generally desirable to install 
two separate service hot water systems so that water at about 180 F mini- 
mum may be available for dish washing, while water at 140 F maximum 
may be used for lavatory and bath purposes. 

The immersion thermostat in a hot water storage tank should be located 
no higher than the center of the tank, and possibly should be even closer 
to the bottom since water in a tank stratifies proportionally to the tem- 
perature. \^en hot water is removed, the cold water entering to replace 
it quickly reduces the temperature in the lower parts of the tardt. 
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SOLAR WATER HEATERS 

Solar heaters utilize the energy of the sun for heating hot water. I^e 
successful operation of such heaters requires the availability of suneAiine 
practically every day in the year, which has limited their use to Florida 
and the southern portions of California. When supplemented with some 
other means of gas, coal, or oil water heating, solar heaters may be used in 
climates where sunshine may be more or less intermittent. They have 
been used in summer homes as far north as Chicago. When properly 
installed and proportioned, solar water heaters render satisfactory service 
especially in climates where the outside temperatures are high and ex- 
tremely hot water is not necessarily desirable. Such installations consist 
essentially of a storage tank, heating coil, and hot box. The coil is installed 
in the hot box and is arranged to circulate water to and from the storage 



Fig. 11. SoLAB Heater Fig. 12. Solar Hbatino 

Tank Connections Coil Incunation 


tank. The advantage in the use of this type of heater is the fact that it 
requires no fuel. The same materials should be used for the coil, circula- 
tion lines, and tank. A copper coil is more efficient in absorbing heat in 
the box, but galvanized iron or steel may be substituted, depending on the 
local water conditions, cost, and other considerations. 

The storage tank must be able to store sufficient heated water for the 
night period of about 16 hr when the coil is not functioning or is operating 
under such poor sun conditions as to make its heating effect negligible. 
Due to the fact that the no mn period includes the night period when little 
or no hot water is used, an available storage of 50 per cent of the average 
daily usage is considered adequate. Since about 25 per cent of stored hot 
water cannot be draAvn out of a storage tank before the incoming cold water 
reduces the temperature of all of the water in the tank to an unsatisfactory 
point for usage, the equation for calculating the storage capacity of the 
tank becomes: 


„ QXOM 


0.666Q 


( 2 ) 


where 


S » storage capacity of tank, gallons. 


Q » average daily usage, gallons. 
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Thus for a family of four persons using an average of 40 gal of hot water 
per perscHi per day the size of the tank would be 4 persons x 40 gal x 0.666 
or 106 gal, and the nearest standard size of tank to this theoretical capacity 
would be used. Tlie tank should be well insulated to prevent undue loss 
of heat during the 16-hour period when the coil is inoperative, and it should 
1^ located as high as possible in the building (under the peak of the roof 
if such exists) so as to secure a maximum circulation head from the coil. 
The hot water supply to the house, as shown in Fig. 11, is located at the 
top of the tank, which serves to vent the air from the tank through the hot 
water faucets as fast as it accumulates. 

The coil should be of the return-bend tsrpe, square or slightly rectan^ar 
in form, and should have the pipes running east and west, with the coil on 


Table 8. Suggested Solar Heater Design Data^ 


Dkion Inn 


Basid on Ran or 30 Qal 
ran Day ran Pebbom 



Based on lUra or 40 Gal 
PER Day per Prison 


No. of Ooeuponti In Reddenee... 

1 

2 

8 

4 

5 

6 

7 

8 

1 

2 

8 


5 

6 

7 

8 

Hot Wmier Uted at Night, gal per 









20 


20 


20 

20 

20 


penoB. ...... 

15 

15 

15 

15 

15 

15 

15 

15 

KJ 

20 

20 

Hot Water Ueed at Night, gal total..... 

15 

m 

45 

60 

75 

13 

105 

120 

20 

40 

K3 

80 

m 

120 

140 

160 

Rotained In Tank, 25 per cent, gal--.. 

4 

8 

11 

15 

19 

23 

27 

80 

5 

10 

15 

20 

25 

80 

85 

40 

Tank Capaeity Required, gal ........ 

20 

40 

50 

75 

94 

113 

130 

150 

25 

50 

75 

100 

125 

150 

175 

m 

Hot Water Uaed During Day, gal 

15 

IQ 

45 

60 

75 

90 

m 


20 

40 

60 

80 

E3 

120 

140 

160 

Total Water to be Heated: 

















Oal per 8 hr prriod..... 

85 

70 

104 

135 

169 


235 

270 

45 

90 

135 

180 

225 

270 

315 

360 

Gal per hour................................. 

4.5 

9 

18 

17 

21 

26 

29 

84 

m 

12 

17 

23 

28 

34 

39 

45 

Copper Coll Required: 

Surface area, eq ft. 

25 

50 

75 

100 

121 

145 

168 

193 

82 

64 

96 

128 

160 

192 

224 

256 

Equivalent len^ 1 in. ooil, ft. 

m 

m 

m 

ESS 

484 

580 

664 

768 

128 

M 

384 

512 

640 

768 

896 

1084 

Boi Site: 












M 





Area, eo ft........ .................... 

Width,ft 

25 


75 

mm 

121 

145 

168 

192 

82 

64 

96 

mm 

160 

192 

224 

256 

4 

6 

7 

8 

9 


10 

11 

4 

6 

8 

n 

10 

11 

12 

12 

Length, ft. .................. 

6 

8 

11 

12A 

13.5 

14.5 

16.5 

17.5 

8 

10 

12 

i 

26 

18 

19 

21 


* Sun Effect and the Design of Solar Heaters, by H. L. Alt (A.S.H.V.E. Tbanbactiokb, Vol. 41, 1935, p* 
131). 


the south side of the building where it can receive the full sun effect all 
^y long without shadows from the building itself, or from adjacent ob- 
structions such as trees or other structures. The coil should be placed as 
low as possible in relation to the storage tank level, such as on a porch roof, 
the roof of a one-story extension or, if necessary, even on the ground. Both 
the coil and the circulation lines should be designed to facilitate the circula- 
tion flow as much as possible, using long radius copper fittmgs or recessed 
galvanized iron flttings to match the materials of the coil, circulation lines, 
and tank. The coil should be inclined as shown in Fig. 12 so that the 
north end is raised above the south end to secure an angle with the hori- 
zontal of about 53 deg. This will result in the inlet end of the coil being 
on the south side (or bottom) and the outlet end being on the north side (or 
top). This will satisfy conditions along the 30 deg N latitude which 
includes the portions of Florida and Southern California where these heaters 
are most frequently used. 

The hot box is usually constructed of wood on the four sides and bottom. 
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and is insulated. Over the top of the box glass sash are placed and the 
box should be constructed as near air-tight as possible. The interior sur- 
faces should be painted white to reflect the heat, while the coil should be 
painted black to absorb the heat. The box need not be deeper than neces- 
sary to house the coil and to protect it from the weather. 

The addition of a light gage copper plate on the bottom of the box to 
which the pipe of the coil is soldei^, for good metallic contact, will add 
to the amount of heat received by the coil due to the fact that this plate 
will receive all of the sun rays which fail to directly strike the coil. The 
heat from this source is transmitted to the coil through the plate instead of 
by heating the air surrounding the coil and from which only part of the 
heat enters the coil, the balance being transmitted through the glass sash. 

Design data given in Table 8 may be used with some jud^ent in select- 
ing the size of solar heater coil and box for a particular application. These 
data are based on consumptions of 30 and 40 gal of hot water per day per 
person. 
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CORROSION AND WATER FORMED DEPOSITS 
CAUSES AND PREVENTION 


Definitions, Classification and Characteristics of Water, Causes and Prevention of 
Scales and Sludges, Causes and Prevention of Slimes, Under-Water 
Corrosion, Atmospheric Corrosion, Buried Pipe Lines, Handling 
Water Treating Chemicals, Legal Regulations 


T he surfaces of heating and ventilating equipment that are in in- 
timate contact with water sometimes are affected by the chemical 
characteristics of the contacting waters to such extent that prohibitive 
amounts of insoluble materials are formed or corrosion ensues at an in- 
sufferable rate. To avoid or to correct such troubles, it is desirable that 
heating and ventilating engineers have a general appreciation of industrial 
water chemistry. The principal purpose of this chapter is to provide 
those criteria by which the average engineer may judge whether a problem 
is one that will yield to rather simple remedies or will require the skill of 
an experienced water technologist. 

DEFINITIONS 

The following definitions for water-formed deposits, corrosion, and 
closely allied terms have been proposed : 

Water -Formed Deposits, A water-f ormed deposit' is any accumulation of insoluble 
material derived from water or formed by the reaction of water upon surfaces in 
contact with water. 

Deposits formed from or by water in all of its phases may be further classified as 
scale, sludge, corrosion products, or biological deposits. 

Scale, Scale' is a deposit formed from solution directly in place upon a confining 
surface. It is a deposit which will retain its physical shape when mechanical means 
are used to remove it from the surface on which it is deposited. Scale, which may 
or may not adhere to the underlying surface,’ is usually crystalline and dense, fre- 
quently laminated, and occasionally columnar in structure. 

Sludge, Sludge' is a water-formed sedimentary deposit. It usually does not 
cohere sufficiently to retain its physical shape when mechanical means are used to 
remove it from the surface upon which it deposits. Sludge is not always found at the 
place where it is formed. It may be hard and adherent and baked to the surface on 
which it has been deposited. 

Biological Deposits, Biological deposits' are water-formed deposits of biological 
organisms or the products of their life processes. Biological deposits may be nucro- 
scopic in nature, such as slimes, or macroscopic, such as barnacles or mussels. Slimes 
are usually composed of deposits of a gelatinous or filamentous nature. 

Corrosion. Corrosion* is destruction of a metal by chemical or electrochemical 
reaction with its environment. In the corrosion process, the reaction products 
formed may be soluble or insoluble in the contacting environment. Insoluble cor- 
rosion products may deposit at or near the attacked area or be carried along and 
deposited at considerable distance from the attacked area. 

Corrosivity. Corrosivity* is the capacity of an environment to bring about de- 
struction of a metal by the process or corrosion. Corrosivity is a property of the 
environment, but it has no significance until the metal in question is specified. 
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CLASSIFICATION AND CHARACTERISTICS OF WATER 

For industrial use there is no accepted conventional classification of 
water. Eather, each industry usually develops a body of ideas applicable 
to its own water problems^ For heating and ventilating engineers, it is 
perhaps most convmiient to diatingiiiBh between mineralized waters and 
condensates. 

Mineralized Waters 

All the waters found in streams, wells, lakes, and the ocean are min- 
eralized. The same is true of all municipal supplies even though they may 
have been treoAed. For a given area ground waters are likely to be more 
highly mineralized than are surface waters. Conversely, surface waters 


Table 1. Mineral Analyses TTnmNO Composition op Waters Available 
AND Used Inoustriallt in the USA 


SUBEtARCa 

Unit 

Location or Arba**^ 

(!) 

(2) 

(3) 

(4) 

(5) 

(6) 

Q 

(8) 

(9) 

Silica... 

SiOt 

2 

6 

12 

37 

■1 

9 

22 

■9 


Iron. _ 

Fe 

0 

0 

0 

1 

HI 

0 

0 

■rl 



Ca 

6 

5 

36 

62 

92 

96 

3 


400 


Mg 

1 

2 

8 

18 

34 

27 

2 

46 

1,300 


Na 

2 

6 

7 

44 

8 

183 

215 

78 

11,000 

PutaMium 

E 

1 

1 

1 


1 

18 

10 

3 

400 

Bicarbonate.... ..... 

HCOt 

14 

13 

119 

202 

339 

334 


210 

150 

Sulphate. 

SO 4 

10 

2 

22 

135 

84 

121 


389 

2.700 

Chloride 

Cl 

2 

10 

13 

13 

10 

280 

22 

117 

19,000 



NOi 

1 


0 

2 

13 

0 

1 

3 


Dimolved Solids 

31 

66 

165 

426 

4.U 

983 

564 

948 

35.000 

Carbonate Hardness 


mSm 

11 

98 

165 

287 

274 

8 

172 

125 

Noii4Sarbonate Hardness 


H 

1 

18 

40 

58 

54 

0. 

295 

5,900 


•All v»lueB are parts per milfion of the unit dted to naaiMt whole number (see Esferenoe 5). 

i>Numben indicate location or area as follows: 

(1) Catskill supply— New York City (6) Well Water^Maywood, IllinolB— 2090 ft 

(2) Swamp Water (Colored) Black Creek, Middleburg, Flocida (7) Well Water-SmithfieU. Ya.— 330 ft 

.3) Niaiara River (Filtered) Niagara Falls, New York (8) Well Water— Rosewell, N. Mexico 

(4) Missouri River (Untreated) Average (9) Ocean Water— Average 

(5) Well Waters— Publie Supply— Dayton, Ohio-^30-60 ft 

are more likely to be contaminated with municipal sewage and trade 
wastes. Virtually all mineralized waters also contain biological organisms. 

Mineralogiccd Characteristics. The character and amount of extraneous 
inorganic materials — including deleterious gases— dissolved and sus- 
pended therein describe the mineralogical characteristics of any water. 
Revealing such information is the function of a mineralogical chemical 
analysis. 

The analyses in Table 1 disclose the composition of the public water 
supplies used by about 45 per cent of the total population of the cities, in 
the United States, having more than 20,000 inhabitants*. 

All values recorded are in terms of parts per million*'. This is the 
approved standard terminology for reporting the results of mineral 
analyses?. Values reported in the other terms commonly used may be 
converted into the standard form by using the factors listed in Table 2. 

^Paitt par million are b«reiaafterabbrtTiftted ppm. Aportpormillioiiaiiiiifiaiaumtwaifhtof matorial 
per million unit weight! of tho lolution. 
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TaBLB 2. CONTBBSION FaOTOBS FOB WaTBB ANAItTSBB 


To Convert 

Into 

Multiply by 

Grains per U. S. gallon * 

ppm * 

17 

Grains per Imperial gallon 

ppm 

14M 

Grams per liter. 

ppm 

1000 

Mtr per liter. 

ppm 

1 

1 


Data for dissolved gases or pH values have been omitted in Table 1 
because even waters of the same mineral contents may vary widely in 
these respects. Unpolluted natural waters usually have pH values within 
the range 5 to 8, depending upon their free COi contents. Polluted 
waters, which include those derived from wells or swamps in marshy ground, 
may have pH values well below 5. 

Biological Characteristics. The slime-forming organisms are mostly 
lower plants, grouped by botanists into the Phylum Thallophyta. This 
group is distinguished by the absence of leaves, roots, or stems from the 
mosses, ferns, smd seed plants which comprise the three other phyla of 
the plant kingdom. 

The Thalloph 3 rta (see Table 3) are divided into algae, which can syn- 
thesize chlorophyll for the production of sugar, and the fungi which lack 
chlorophyll smd must therefore secure already S3rnthesized carbohydrates. 

All Thallophyta are of universal distribution and many of them are 
slime forming. Of the five divisions of algae, only three (the green, the 
blue-green, and the diatoms) are found in fresh water. Of the five di- 
visions of fungi, all may occur in fresh water, the principal slime formers 
being indicated in Table 3. 

The methods of analysis commonly used in the sanitary examination 
of a water have, as their principal object, to identify and count pathogens. 

Most slime-forming organisms are not pathogens. When a water is 
subjected to a biochemical analysis for the purpose of evaluating its slime 
producing characteristics, tests, widely different from sanitary bacterio- 
logical tests, must be made. Tests upon the water itself are seldom satis- 
factory, and true indications of the sliming characteristics of a water can 
only be determined by the analysis of deposits on surfaces having the 
temperature close to the temperature of the final design equipment. The 


Table 3. Pbincipal Slime Formers 

Phyla 

Rough DxmzoN or Phyla 

Algae 

Single celled, sometimes forminK slimy sheets. 

Many celled in either sheets or fronds. 

Fungi 

Bacteria (Schisomycetes) frequentl;^ forming slimy surface coatings. 

Slime Moldi (Myxomycetes) forming slimy sheets as one stage of 
their life history. 

Sac fungi (Ascomycetes) of which one division, the yeasts, occasion- 
ally form slimy aggregates. 

The alga-like fungi (Phycomyceiee) and the stalked funri (Basidomy- 
cetes) rarely form slimes but their filaments may hold together the 
slimes of otner organisms. 
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Tabus 4. PiiAnt Water Sbpplt Examination 


WATER SUPPLY— 

200 fept ^ deep well— average water temperature 53 F — 
water is producing a brown stain in plumbing fixtures. 

SAMPLE- 

The sample was scraped from the surface of the shell and 
tube condenser of $2 Freon Compressor on the meat 
chilling room. The sterile sample bottle was filled 
one-half with deposit and the balance with circulating 
water. No preservative was added— pH at time of col- 
lection was 7.4. 

ANALYSIS REQUIRED- 

MACROSCOPIC bd MICROSCOPIC Ld 

BACTERIOLOGICAL bd ORGANIC CONTENT hfl 

PROBLEM— 

A 25-ton Freon — 12 Compressor has head pressure about 
10 lb higher than during initial operation, without 
change in water temperature. Deposits have been 
observed on heat exchanger surfaces. It is desired to 
know, the nature of these deposits and if they are the 
cause of this increased head pressure. 

MACROSCOPIC 

EXAMINATION— 

Heavy brown flocculent material settles rapidly in clear 
water. pH—7.3 Odor— woody, mouldy. 

MICROSCOPIC 

EXAMINATION— 

Inobganic Material — small amount white crystals. 
Amorphous Material — small amount — brown. 

Iron Bacteria— profuse growth of crenothrix— (Photo 
usually included). 

CULTURAL EXAMI- 
NATION- 

TOTAL COUNT 

Sabouraud’s Agar 

1. Aerobic gram positive spore-forming rod with mucoid 
sheaths. (Photo usually included). 

2. Short gram negative cocci bacilli (Photo usually 
included). 

100,000 organism/cc. 


ORGANIC CONTENT (by WEIGHT, DRY BASIS)— 60% 


DISCUSSION— 

The presence of common slime -forming organisms in the 
deposit combined with high organic content indi- 
cates that the deposit is bacterial in origin. Heat 
transfer reductions would be caused by such a deposit. 
These deposits, combined with crenothrix, can cause 
corrosion of both ferrous and non-ferrous metals. 

RECOM- 

MENDATIONS— 

It is recommended that the water be treated at the suc- 
tion side of the deep well pump with chlorine in quanti- 
ties sufficient to maintain a free chlorine residual of 
1.0 ppm at the discharge of the shell and tube cooler. 
This treatment can be scheduled on an intermittent 
basis. 


results of such a test are conunonly reported in the manner illustrated in 
Table 4. 

Condensates 

. All condensates result from the chilling of water vapor. Such chilling 
may result from natural causes, thus producing dews, sweats, rain, and 
snow, or from artificial causes, as in steam condensing equipment, pro- 
ducing condensate or return water. 

In the heating and ventilating field, ihe biological characteristics of 
condensates are likely to be of concern only where the condensate is used 
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as cooling water in recirculating systenus. The deleterious gas contents of 
condensates, however, very often create serious corrosion troubles. 

The data in Table 5 t 3 rpify the chemical composition of the atmo^here 
in rural and.metroplitan areas, and of stack gases when various types of 
common fuels are used. The curves in Fig. 1 disclose 4ihe solubility of the 
major deleterious gases present in such atmospheres in otherwise pure 
water, when the partial pressure of the gas is one pound per square inch 
absolute. 

The most common deleterious gases entrained by steam are oxygen and 
carbon dioxide. In rare instances, hydrogen sulphide, sulphur dioxide, 
or ammonia are present. 

In most steam condensing equipment^ ‘S the non-condensable gases 
entrained with steam accumulate so that the amount present in the vapor 
space is several hundred times hi^er than in the incoming steam and, 


Tablb 6. Data Ttpifyino thb Dblbtbrious Gas Gontbnt of 
Diffbbbmt Atmobphbbbs 




Aib 

Flub Gases 

Name of 

Gaa 

Chom> 

ieal 

Form- 

Rural 

Mrropoutan 

BiTuy. Coal 

Fuel Oils 

Natural Gab 


ula 


Pnrtial 

Premure 


Partial 

Premure 

^1.12. 

Partial 

Premure 


Partial 

Premure 


Partial 

Premure 



KS 


pew 


■31 


psia 


psia 

Oxygen 

Ox 

21 

3.143 

21 

3.143 

2 

0.299 

7 

1.048 

10 

1.497 

Carbon IXoxide 

COi 

0.03 

0.004 

0.06 

0.009 

15 

2.245 

13 

1.946 

10 

1.497 

Sulphur Dioxide 

80s 

None 

None 

0.003 

0.004 

0.07 

0.010 

o.o.t 

0.004 

0.0001 

0.0015 


the amount dissolved in the condensate may therefore approach, or even 
exceed for short periods, the amount entrained by the steam. 

CAUSES AND PREVENTION OF SCALES AND SLUDGES 

Scales may be formed on surfaces of equipment in contact with water, 
and sludges in the body of the water, by the separation from the water of 
dissolved or suspended solids. According to the nature of a p^icular 
piece of equipment and the method of its operation such separation may 
be promoted by one or more than one, of several factors : 

a. The concentration of solids may be increased by the evaporation of water. 

b. The dissolved solids may be rendered less soluble in the water by changes in 
temperature. 

c. Conditions may favor the decomposition of unstable compounds with the 
formation of less soluble compounds. 

Figs. 2 and 3 show that the solubilities of both calcium carbonate and 
calcium sulphate decrease with the rising temperature within a moderate 
range of temperatures. Surfaces transferring heat into water, such as 
condensers and coolers, are more susceptible to scale and sludge formation 
than are the cold parts of the same system using the same water. 

The most common of the unstable soluble salts are the bicarbonates of 
calcium, magnesium, and occasionally iron. Under conditions favoring 
the removal of carbon dioxide, as when the water is strongly aerated or 
when it is boiled, the bicarbonates are readily converted to the relatively 
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insoluble carbonates (or, in the case of iron in tlie presence of oxygen, 
ferric hydroxide or oxide may be formed). Conversely, carbonates are 
readily converted to the more soluble bicarbonate by the addition of 
carbon dioxide or other acidic materials. This explains the increase in the 
apparent solubility of calcium carbonate at decreasing 4)H values (in- 
creasing concentration of hydrogen ion) shown in Fig. 2, the carbonate 
really going into solution largely as bicarbonate. 

It is sometimes desired to evaluate the tendency in a particular water 
toward the separation of calcium carbonate, which may be desirable as a 



Fig. 1 . Solubility op Gases at Partial Pressure op 1 Psi 


means of establishing a corrosion-resistant film on metal surfaces, or in 
other circumstances may be undesirable because of the impedance of the 
calcium carbonate film to heat transfer. This tendency is indicated 
approximately by the Langelier Index®, which is obtained by subtracting 
the actual pH of a particular water from the pH at which it is estimated 
precipitation of calcium carbonate would just begin. This estimate may 
be made by the use of Fig. 4. 

There are various expedients which may be employed for avoiding or 
mitigating difficulties due to scales : 

a. The water may be treated before use to remove elements such as calcium, mag- 
nesium, and iron, which form relatively insoluble compounds. In the various soften - 
ing processes this removal of these elements is accompanied by the addition of other 
elements, particularly sodium, the compounds of which are relatively soluble. 
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b. The water may be treated within the equipment to promote the separation of 
dissolved solids as sludges, rather than as scale which is, in most cases, more ob- 
jectionable. 

c. The increase in total solids due to the evaporation of water may be controlled 

by the displacement, continuously or intermittently, of some of the used water by 
fresh supply. * 

d. Substances, such as the polyphosphates, having the property of inhibiting the 
precipitation of calcium carbonate from solutions supersaturated with it, may be 
added. 

e. The pH of the water may be lowered (hydrogen ion concentration raised) to 
reduce the tendency for precipitation of carbonate. This is permissible only to such 
an extent as will not cause a serious increase in rate of corrosion. 

The choice of the best expedient must be made for each type of equip- 
ment and will be affected by local considerations. 



Fig. 2. Solubility of CaijCIum Carbonate in Distilled Water Containing 

Carbon Dioxide 

{pH Values at Approximately 75 F ) 

Fi*. 2 Adapted from (1) Ind. A Eng. Chem., 20 (1928) 1197— by Baylis. (2) J.A.C.S. 50 (1929) 2086— Frear 
A Johnson. 

Once-Through Equipment and Closed Recirculating Systems 

Where abundant supplies of water are available at low cost, the cooling 
water may pass through the equipment once, undergoing a slight rise in 
temperature. Little difficult}’^ from scale should be experienced in this 
case unless the carbonate hardness is more than 200 ppm, or the water has 
been treated to induce incipient calcium carbonate precipitation. Closed 
recirculating systems in which the water is cooled indirectly, as in radia- 
tors, and returned to the equipment, should usually be little troubled 
with scale. However, in both once-through and closed recirculating 
systems, slimes may cause trouble. 

If there is some tendency for scaling, it may usually be prevented by 
the addition of small amounts, about 5 ppm or less, of polyphosphate'®. 
Alternately, a minor lowering of pH by the addition of carbon dioxide or 
sulphuric acid may be effective if permissible from corrosion standpoint. 
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Open Recirculating Systems 

Where water from condensers and similar equipment is passed through 
a spray pond or cooling tower and then returned to the equipment, there 
is an increase in the concentration of solids because of the evaporation of 
some of the water into the cooling air, and, moreover, the aeration removes 
carbon dioxide. Both factors promote the tendency to deposit scale. If 
the conditions are particularly adverse, it may be necessary to subject the 
water to a softening treatment before use, this being the more feasible 
because of the reduced water requirement in such a recirculating system. 
When this is not practicable, or when the tendency to scale formation is 
only moderate, a considerable improvement may be effected by the 



Fig. 3. Solvbiutt of Calcixtu Sulfatb and of Calcium Cabbonatb 
FOB COUPABIBON 


{CaCOt in Equilibrium taith Normal COt Content of the Atmosphere) 

Fsm S S ^ Univ. of Mioh. 'Tormstion and Propertim of Boiler Scalee” by P. E. 


addition to the water of organic compounds such as gelatine, glucosates, 
dextme, and tannin which tend to prevent precipitated material from 
forming adherent scales. In systems of this kind, the loss of liquid as 
spray from the cooling towers or spray ponds may limi t adequately the 
final concentration of solids in the cooling water. If not, provision must 
be made for sufficient purging of used water. 

Heating Systems 

In hot water heating systems or in steam heating boilers where all con- 
densate is returned, troubles from scaling should not be severe. If 
necessary, sodium phosphate or sodiiun carbonate may be added to the 
water to prevent the formation of adherent calcium sulphate scale. 

Boilers and High Temperature Equipment 

Where temperature exceeds 250 F, complete softening of the water is 
the only practical method for minimizing sludge formation. This is 
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usually accomplished by artificial or natural zeolites (called also ion-ex- 
change materials) or by hot-process precipitation softeners. 

In boilers operating at pressures above 100 psi virtually all the calcium, 
magnesium, sUica, iron, and manganese salts entering with the feed water 
are potential scale or sludge formers. ^ 

In low pressure boilers (100-250 psig), the formation of adherent cal- 
cium sulphate (anhydrite) scales is most to be feared. Such deposits 
form on the hottest evaporative surfaces. It is a material of low heat con- 
ductivity. Even a layer of egg shell thickness may so impede the rate of 
heat transfer as to bring about over-heating of the metal. 

The ortho-phosphates of sodium are most frequently used to prevent 
sulphate scales. The concentration of phosphate required is such as to 
cause the precipitation of calcium phosphate as sludge, thus keeping the 
boiling water under-saturated with respect to calcium sulphate. To a 
lesser extent, sodium carbonate (called also soda ash and sal soda) is also 
used. Most of the effective boiler compounds contain either phosphates 
or soda ash, or both. Certain organic materials and colloids are some- 
times found to minimize scale formation. Where chemicals are introduced 
directly into the boiler in amounts adequate to prevent scale, sludge is 
formed in amounts proportionate to the calcium and magnesium salts 
entering with the feed water. To prevent troublesome accumulation of 
this sludge, as well as soluble salts, as evaporation occurs some blowdown 
of boiler water is necessary. 

CAUSES AND PREVENTION OF SLIMES 

A water containing slime-producing organisms will produce prohibitive 
amounts of slime only when the conditions of use are such as to propagate 
their life processes. Whenever sufficient food material from normal water 
or from air-borne dust combines with optimum temperature conditions 
such as exist on cooling surfaces and air washers, serious quantities of 
slime will be produced. 

Some natural well waters do not contain sufficient foods to support 
luxuriant slime growths. Algae which require light for carrying on their 
life processes are likely to cause difficulty in cooling towers and other 
areas where sunlight is abundant. The ordinary slime-forming bacteria 
are capable of using a wide variety of nitrogenous and cellulose material 
as food sources. These bacteria thrive best under dark conditions such 
as exist in condensers and other heat transfer surfaces. Other organisms 
capable of causing similar difficulties use such a wide variety of food 
material as algae^^ iron compounds^^, and inorganic sulphates^®. 

At present, the use of toxic chemicals and irradiation are the two 
general means employed in slime control. The value of ultra violet light, 
used so broadly in the beverage industry, is somewhat in dispute. 

Anti-fouling paints have been developed and are fairly satisfactory for 
the prevention of the growth of macro-organisms such as barnacles and 
musselsy but these paints must be renewed at frequent intervals and are 
not applicable to inaccessible areas such as the inside of pipe lines and 
cooling towers. Satisfactory anti-sliming paints have not been found. 

Names and other pertinent data relating to some of the more common 
chemicals used in slime control are shovrn in Table 6. 

Chlorine is the only chemical to which is attributed the ability to de- 
stroy slime-forming organisms. The others are presumed to poison marine 
organisms, most of which recover when the chemical is not used regularly. 
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Instructions for Using Chart: 3. Align this point on Pivot Line with given alkalinity on Col. 5; read pH saturation 

on Col. 4. 

1. Knowing temperature and total dissolved solids, find temperature and total Saturation index is pH actual minus pH saturation, 

solids constant on Col. 1 . ^ . i u . ^ 

L. G. — pH actual. pH saturation. Saturation index. 

2. Align this constant with given value of calcium on Col. 3 of Chart, then locate 7.0 8 1 -0 .*5 (corrosive^ 

point on Col. 2 of Chart (Pivot Line). 8.4 7.8 +o:(l forming) 
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While chlorine is the most generally used chemical, others may occa- 
sionally prove to be more practicable. Choice of the chemical is con- 
ditioned largely by the design and operation of the system. 

Open Recirculating Systems ^ 

In spray ponds and cooling towers of the open type, light-loving algae 
growths are likely to cause blocking of the distribution piping and troughs. 
These organisms are most troublesome in areas accessible to sunlight. 
Algae slimes are usually stringy in character. 

In open recirculating systems, continuous use of small quantities of 
chlorine is generally most satisfactory. In once-through systems, where 
large quantities of water are used, intermittent treatment a few times each 
day will usually result in satisfactory slime removal and chemical 
economies. 

Neither the phenols nor copper sulphate may be used for the removal 
of slime already formed. For this purpose, chlorine gas is . used. After 
being cleaned, the other chemicals may be used to prevent the reestablish- 


Table 6. Common Chemicals Used for Slime Control 


Chemical 

Trade Name 

Physical State* 

Chlorine 

Chlorine 

Gas 

Hypochlorites 

Calcium Hypochlorites 
Sodium Hypochlorites 

Crystalline 

Chlorinated Phenols godium — 

Chlor opheny 1 phenate 

Tetrachlorophenate 

Pentachlorophenate 

Briquettes 

Briquettes 

Briquettes 

.Potassium Permanganate 

Permanganate of Potash 

Crystalline 

Copper Sulphate 

Blue Vitriol 

j Crystalline 


* As shipped. 


ment of slime in the system. The removal of green algae from a cooling 
tower should never be used as an indication that the true slime-forming 
organisms on heat exchanger surfaces have been removed. The more 
resistant slime formers, which so materially reduce heat transfer efficiency, 
will often be unaffected by treatment which completely eliminates algae. 

Closed Once-Through Systems 

In equipment where light is excluded, slime formations are due to fungi. 
Usually, they predominate on the heat exchange surfaces. Bacteria form 
thick, soft slime. Yeast and molds form tough rubbery slimes. Chlorine 
and hypochlorite solutions, fed intermittently, are used to prevent such 
slimes. 


UNDER-WATER CORROSION 

When deleterious substances are present in water, the corrosivity of the 
solution is increased in proportion to the amount of deleterious substances 
present, the temperature, and usually the rate of flow of the solution over 
the metal surfaces. There are other relevant factors, but their influence 
in general is subordinate to those mentioned. Dissolved oxygen, acid 
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gases, and chloride salts are the corrosion accelerators most frequently 
encountered. 

Neutral and slightly alkaline waters saturated with air, corrode iron at a 
rate about triple that for the same water free of air. Hot water containing 
oxygen will corrode iron at a rate three to four times that for the same 
water when cold. 

Corrosion of iron decreases as the pH of water solutions increases and 
practically ceases at a pH of 11. If the metal contains him forming agents, 
such as chromium, nickel, and silicon or if the water contains inhibitors 
such as silicates and chromates, corrosion may in some instances be 
minimized. 

Cold Water Services 

Where water from municipal supplies is used industrially in a closed 
system with little or no increase in temperature, it is seldom necessary or 
feasible to treat the water to reduce its corrosivity. When it is mandatory, 
the addition of caustic soda to maintain a pH over 11 plus the addition of 
sufficient sodium sulphite to maintain a residual of over 100 ppm (as 
Na^Os) usually suffices to prevent serious troubles. However, in some 
cases the cost may be prohibitive. 

When the use of sodium sulphite or a comparable chemical for oxygen 
removal is prohibited, as in potable waters, the addition of small amounts 
of lime to maintain a Langelier Index (See Fig. 4) of 0.5 or more may 
prove helpful. 

In systems exposed to the atmosphere, as for example air washers or 
storage tanks, both laboratory'^ and field tests'® have shown that the 
addition of alkalies to maintain a pH greater than 8.5, plus the addition of 
other chemicals that produce protective fihns on the metal surface, will 
measurably decrease corrosion. Sodium dichromate, sodium silicate, and 
tri-sodium orthophosphate have been shown to be effective film formers in 
the order mentioned. 

Caustic soda is usually used to raise the pH value, and sodium dichro- 
mate is most often employed as a film former in industrial waters. In old 
systems, not previously inhibited, about 500 ppm of sodium dichromate 
are usually maintained at the start. After two or three months and in 
new systems, a residual of about 300 ppm of dichromate usually proves 
effective. When insufficient dichromate is employed, pitting is sometimes 
accelerated. Aeration does not impair the efficiency of dichromates, but 
does deplete the caustic soda concentration. 

In large industrial systems, the use of vacuum deaeration has been 
shown to be effective'®. In small systems, the equipment required can 
seldom be justified, economically. 

Soft water, as for example the effluent from zeolite softeners, is likely 
to be several times more corrosive to iron than hard waters. In small 
installations, the use of copper or brass pipe usually is a practical ex- 
pedient. Cement lined pipe and tanks suitably resist attack. 

Where the water contains slime-forming organisms, especially those 
bacteria that thrive on iron, chlorination of the water is imperative to 
inhibit tuberculation and subsequent pitting. 

Bitumastic paints, applied at regular intervals upon well cleaned sur- 
faces, will measurably prolong the life of equipment handling cold waters. 
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Hot Water Services 

As a usual thing, corrosion does not create important troubles when 
temperatures are maintained below 140 F. 

In closed systems where little fresh water is introduced, such as in a hot 
water space heating system, corrosion is usually negligible because the 
oxygen released in heating the water is purged through the vents. 

Where large amounts of fresh water are constantly entering and are 
being heated, the use of mechanical deaeration is the most universally 
satisfactory expedient to employ. Where the use of such equipment can- 
not be justified economically, anti-corrosive chemicals, and the use of 
corrosion resistant metals, are the more practical expedients to be used. 

Treating Chemicals. Alkalies, such as lime and caustic soda, silicates of 
soda (water glass), the poly-phosphates of soda, sodium sulphite, and 
sodium dichromate are usually used. Organic compounds, such as the 
glucosates, dextrines, and tannins are sometimes used, but their value is 
still a controversial matter. When any chemical is used, so many rele- 
vant factors are involved that it is always advisable to seek adequate 
technical counsel in inaugurating the treatment. Very often, where such 
precaution is not taken, new troubles are created that are more aggra- 
vating than the original difficulty^^. 

Silicate of soda is used to protect iron, lead, and brass water pipe^®. 
For most waters, a solution of Na203Si02 is recommended. Sodium sili- 
cate, equivalent to about 10 ppm added silica, should be fed to the water 
for the first month after which it may be reduced to give 5 or 6 ppm added 
silica. Where careful control of the silicate feed is exercised, the water is 
not injured for domestic use by this treatment. The rate of corrosion of 
iron pipe has been reduced by 70 per cent and dezincification of brass pipe 
practically stopped by this simple treatment. The amount required and 
the effect are not the same in all waters. 

Pipe Materials. Brasses with 60 to 67 per cent copper are dezincified in 
some corrosive waters and in certain localities are not much more service- 
able than galvanized iron or steel pipe. The zinc in brass pipes is leached 
out locally, leaving a plug of porous copper. The weakening of such pipe 
is especially noticeable under the threads. Dezincification is retarded by 
the use of silicate of soda (8 ppm added silica)^®. 

In salt or fresh water, there is no material difference in rate of pitting of 
wrought iron, steel, low metalloid steels, or copper bearing steels. This 
is contrary to the relative performance of these metals in atmosphere. 

Refrigerating Systems 

Corrosion in refrigerating systems is confined to surfaces in contact 
with brines or those in contact with the refrigerant. 

Brines. Refrigerating brines usually are comprised of sodium chloride, 
calcium chloride, or calcium and magnesium chlorides. The corrosivity 
of dilute brines is higher than their more concentrated solutions. The 
corrosivity of sodium brines, other conditions being fixed, is about 1.6 
times greater than brines of the alkaline earth metals. 

Brines are excellent electrolytes. Contact of dissimilar metals of vride 
potential differences when in contact with brines results in rapid corrosion 
by galvanic action. 

The leakage of air, acid refrigerants, or both, accelerates the corrosivity 
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of brines. Anunonia precipitates calcium and magnesium salts thus 
clogging the system at restricted points. 

The addition of caustic soda and sodium dichromate to brine solutions 
to inhibit corrosion of iron is a more or less general practice. Sodium sili- 
cate and sodium phosphate are also used at times, but tests indicate they 
are not as effective as is sodium dichromate. It has been suggested^** that 
125 lb of sodium bichromate per 1000 cubic feet of calcium chloride brine, 
and 200 lb per 1000 cubic feet of sodium chloride brine be added to inhibit 
brines; that when salt or calcium chloride is added to “strengthen” brine, 
sodium dichromate also be added in the amounts shown in Table 7. 

Refrigerants. The conunon refrigerants, except those of the hydro- 
carbon type, will attack the conunon metals and alloys if moisture is 
'present. Even a very small amount of water may cause severe corrosion 


Tabli! 7. Quantitibs op SoDixni Dichromate to be Added to Maintain 
Initial Concentration 


Specific Gravity of 

Brine to be Strengthened 

Lb Sodium Dichromate 

PER 100 LB CaCh Added 

1.16 

0.695 

1.18 

0.621 

1.20 

0.556 

1.22 

0.502 

1.24 

0.455 


Lb of Sodium Dichromatb 


PER 100 LB NaCl Added 

1.12 

1.79 

1.14 

1.47 

1.16 

1.32 

1.175 

1.^8 


with certain refrigerants. The amount required need only be sufficient 
to produce a water film on the metal surface. 

With the halogenated hydrocarbons, complete elimination of water is 
much to be desired. Where ammonia is used, copper and its alloys, 
aluminum and zinc, are attacked especially at elevated temperatures. 
When sulphur dioxide is used more than 50 ppm (0.005 per cent) of water 
will cause appreciable corrosion of virtually all the common materials. 

Minimizing Condensate Corrosiveness 

There are four expedients that may be utilized to minimize corrosion 
in steam condensate systems: (1) treatment of the boiler feedwater so 
as to eliminate deleterious gases entrained with the steam, (2) design of 
the condensing equipment to minimize dissolution in the condensate of 
the deleterious gases entrained with the steam, (3) chemical treatment 
of the condensate, (4) use of resistant metals. 

Boiler Feedwater Treatment. Elimination of oxygen from boiler feed- 
water and, therefore, from the steam developed, can be accomplished 
either mechanically or chemically. In some steam generating stations, 
both expedients are employed. 

Tests*^ have indicated that in small low-pressure heating boilers, where 
the boiler input contains less than about 50 ppm of carbonate hardness. 
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the CO 2 in the steam can be controlled by adding calcium hydroxide to 
the boiler. In Fig. 6 are shown the equilibria conditions proposed for 
boilers operating at pressures up to about 5 psi gage. This expedient may 
not be used in higher pressure boilers, because of the possibilities of scale 
and sludge formations. In the latter, the only method used to date for 
treating the feedwater consists (a) in removing the alkaline earth salts, 
Z.6., softening with (b) subsequent acidulation followed by deaeration at 
temperatures near the atmospheric boiling point of water“. 

Design of Condensing Equipment In the design of water heaters and 
comparable types of condensing equipment^®, it is possible to shift the 
accumulation of non-condensible gases to a location away from the con- 
densate level and, subsequently, vent these gases to the atmosphere. 



Fig. 5. Relation op Hydrate/Carbonate Content in Hard Boiler Water and 
C 02 in Steam at About 5 Psi Operating Pressure 

(All analytical values are ppm by weight) 


Venting an amount of steam equal to about one-half per cent of the total 
steam entering the condenser is the optimum vent rate. 

Venting, is of little practical value, when the CO 2 content of the. in- 
coming steam is below about 5 ppm. When the steam contains more than 
5 ppm, venting provides a means of producing a condensate containing a 
minimum of about 3 ppm. However, even as little as 3 ppm of dissolved 
CO 2 can produce active corrosion if large amounts of condensate are 
flowing. 

Chemical Treatment of Condensate, Condensates containing compara- 
tively large amounts of oil, are practically non-corrosive, due to the pro- 
tective film provided by the oil. When oil is intentionally added to con- 
densate-S inadequate quantities may accelerate rather than decelerate 
corrosion on those surfaces not covered by the oil. Sodium silicate added 
to C02-bearing condensate has been shown to decrease, but not entirely 
prevent, corrosive action. It is not definite whether the protection 
afforded by silicate solutions is due to the establishment of a protective 
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film on the metal surface or to neutralization of the COt by the alkali in 
the silicate solution. 

It has been postulated that ammonia**, cyclohexylamine**, ethylene 
diamine, and morpholine** will retard coirosion of condensate lines. Tests 
with benzylamine have also been reported**. Where copper and its alloys 
are involved, the use of alkaline ir&ibitors is believed inadvisable. The 
use of small amounts of sodium hexametaphosphate has been suggested 
too, but tests** indicate that this salt accelerates rather than decelerates, 
the rate of attack of steel by condensate containing COj and oxygen. 
Whether chemical treatment of steam or condensate is feasible, must be 
determined not only upon the basis of the acuteness of corrosion troubles, 
but also upon the uses to which the steam or condensate is put. 

Use of Resistant Metals. For economic reasons, the metals known to 
resist corrosion can seldom be used exclusively for condensate lines in any 



MfClMCe peNCTRATlON IN INCHES PER YEAN X 1000 


Fig. 6. Comparative Corrosion Resistivity of 10 Materials Exposed 

TO Condensate 


sizeable enterprise. Nevertheless, there may be instances where the use 
of a limited amount of the more costly, but resistant, materials can be 
justified. The data in Fig. 6 are the results of tests®” designed to reflect 
the corrosion resistance of the more commonly used metals to attack by 
condensate containing oxygen and CO 2 . 

In contemplating the use of a resistant metal, as a section of a conden> 
sate line, it should be remembered that, if other conditions are rights 
corrosive attack will merely be transferr^ down stream in the system. 
Galvanic corrosion resulting from the contact of dissimilar metals in a 
condensate line seldom occurs. No paint or similar protective coating 
has thus far proven satisfactory. Tests of cement lined and vitreous 
lined pipe have shown the linings to be readily dissolved by hot con- 
densates. 


ATMOSPHERIC CORROSION 

Most of the problems originated by atmospheric corrosion occur in 
connection with the fire-side of boilers and furnaces (including their flues 
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and stacks), sewer vents, air ducts, coal and ash handling equipment. 
Usually such equipment is fabricated from common types of ferrous metals. 

Generally little or no atmospheric corrosion occurs at temperatures 
higher than the boiling point of water, because at such temperatures little 
or no condensate is formed. If it does form at the higher temperatures, 
only negligible amounts of carbon dioxide and oxygen, present in the 
atmosphere, will dissolve in the hot liquid but sulphur gases may dissolve 
and cause rapid attack. Oxygen, sulphur dioxide, sulphur trioxide, and 
carbon dioxide are the deleterious gases most frequently accountable for 
corrosion in moist atmospheres. 

Coal Storage and Handling Equipment 

Virtually all coals contain sulphur in the form of pyrite, and some 
moisture. In storage, the pyrite is likely to be decomposed by oxidation. 
Moisture dissolves the products of decomposition forming sulphurous and 
sulphuric acid. The acid solutions vigorously attack the supporting metal. 

Rubber linings have been developed for coal chutes and bins that 
effectively resist corrosion and the abrasive action of the coal, but they 
are expensive*'. Concrete linings for steel bunkers have also been ef- 
fectively employed**. 

The use of high chromium steels is not always a sure cure, especially 
with coals treated with dust allaying agents high in chlorides. 

Flues, Stacks, and Fire-side of Boilers 

The surfaces of flues and boilers contacting the products of combustion, 
seldom experience corrosive attack when the equipment is in operation. 
Breechings, smoke hoods and canopies in contact with flue gas may, how- 
ever, be subject to attack during the warming-up period of an appliance 
or when the rate of operation is so low that the temperature of the flue gas 
is below the dew-point. It is common practice to use cast-iron or acid 
resistant vitreous enameled steel in flue gas connections to appliances to 
prolong the life of these parts. The shut-down period when condensation 
of moisture occurs on the metal surfaces is usually the time when most 
damage is done**. In those sections of the stacks where flue gas tempera- 
ture drops below the dew-point, corrosion is inevitable during operation. 

It is clear that where long shut-down periods are anticipated, a practical 
method for mitigating corrosion is to clean the surface thoroughly and 
to provide adequate clean, dry air circulation to prevent condensation 
(See also Care of Idle Heating Boilers, Chapter 18). 

Protective coatings with organic binders are destroyed rather rapidly 
above 400 F because of the decomposition of the organic materials. The 
surfaces of metals, whose temperature does not exceed 400 F, may be pro- 
tected by periodically applying paints such as those specified in the fol- 
lowing paragraphs entitled Air Ducts. 

Air Ducts 

The most practical method for protecting air duct surfaces made of 
steel from atmospheric corrosion is to apply protective paints. One of 
the most effective protective coatings is red lead paint. 

Three coats of paint should be applied, of which the first two coats 
should be rust inhibitive paint such as red lead paint with the second coat 
tinted to a light brown color with carbon black, and the finishing coat may 
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be red lead paint tinted to a black or brown color, black paint made 
according to Federal Specification TT-P-61, red iron oxide paint con- 
forming to Federal Specification TT-P-31, or white or light tinted paint 
made according to Federal Specification TT-P-40. 

Another paint which has had some use for priming iron and steel is 
zinc chromate paint. 

Under some conditions, a chlorinated rubber base paint made according 
to Federal Specification TT-P-91 may be used for the finishing coat, 
particularly where the presence of highly corrosive gases or contact with 
strong alkaline water would injure the standard paints. Rubber base 
paints should be used only for the finishing coat over regular priming and 
second coats. 


BURIED PIPE LINES 

Lines that are cold and in intimate contact with the earth are corroded 
from the same causes as in mineral waters, but pitting is usually more 
intense due to variations in concentration of salts and oxygen in solution 
and presence of solid materials, such as cinder in contact with metal pipe. 
Galvanic currents, induced by contact of certain dissolved constituents 
in the soil, often act over a large area, and accelerate corrosion where they 
leave the pipe line. 

Certain bacteria that thrive in the absence of oxygen have the power to 
obtain hydrogen and dissociate sulphates in the soil with a resultant pro- 
duction of hydrogen sulfide which attacks the iron to form iron sulphide. 
Other bacteria have preference for cathodic hydrogen and by removing 
it keep natural corrosion going on at a rapid rate. 

Stray electric currents from electric power generating stations some- 
times find their way into buried steel structures and do damage in pro- 
portion to the current density where the current leaves the metal to enter 
the ground. 

Pipe Materials 

Under many conditions where steel would be corroded, the use of 
corrosion-resistant metals other than steel may be desirable even if greater 
in first cost. Stainless steel, copper, red brass, and bronze will resist 
corrosion and may, at times, be used to advantage. Sheet lead linings are 
excellent to prevent corrosion, and lead pipe will resist corrosion both on 
the exterior and interior when used for buried pipe lines as well as for pipe 
for general purposes. Galvanized iron pipe will resist corrosion for 
various periods of time depending on the soil and how long the galvanized 
coating lasts. The zinc used for the galvanized coating is on the electro- 
chemical protective side of the iron and the zinc is corroded and changed 
to zinc compounds before the iron is attacked. This accounts for the pro- 
tection afforded by galvanized iron. Even if some protection is obtained, 
eventually the galvanized coatings are destroyed by chemical action and 
the corrosion of the steel begins. 

Protective Coating 

Protective coatings for buried pipe lines arc in a class by themselves 
because of the unusual service conditions and because it it not possible to 
maintain them by recoating when necessary. Buried steel pipe lines have 
been protected against corrosion with considerable success by the use of 
verj’’ thick bituminous coatings applied in molten condition. The best 
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results are obtained by applying the bituminous coatings over a standard 
priming coat such as red lead or a bituminous paint, and for long service 
it has been found that after the bituminous coatings are applied, a wrap- 
ping of asbestos fabric saturated with bitumens will prevent movement 
and displacement of the bituminous coatings and add greatly to the length 
of time satisfactory protection will be maintained. 

Cathodic Protection 

Protection is obtained by rendering the structure cathodic to the sur- 
rounding water or soil by means of a controlled difference of potential. 
This method, which has proved satisfactory and economical on a number 
of gas and oil pipe lines underground, has also been applied with some 
success to the protection of the inside of water storage tanks and other 
structures that are in contact continuously with water. Protective 
coatings that insulate a large portion of the metal surface will reduce very 
materially the total amount of protective current that it is necessary to 
impress on bare anodic areas to arrest corrosion. 

For each structure, it is necessary to determine or estimate the mini- 
mum current density required and design the anode or anodes so that the 
necessary protection can be obtained most economically. In water having 
relatively high electrical conductivity such as in sea water, this is com- 
paratively easy compared with fresh water. In the latter, the composition 
of the water is a major factor. It is therefore desirable to obtain an accur- 
ate estimate of the minimum current density required. The current is 
then controlled by the potential betvreen the anode and the structure to 
be protected. 

Rectifiers have generally proved to be the most practical means for 
supplying the necessary current for protection of surfaces in contact with 
neutral waters®^. 

HANDLING WATER TREATING CHEMICALS 

Virtually all the chemicals used in water conditioning are injurious if 
taken internally in large doses. Many also cause severe skin irritation. 
Thus, the}?- should be handled with caution. 

Caustic soda, lime, and concentrated sulphuric acid will burn the flesh. 
In addition, if mixed with small amounts of water, sufficient heat may be 
generated so that spattering occurs or the container becomes too hot to 
handle. 

The chlorophenol compounds, even in the low concentrations used in 
water conditioning, have been reported®® to produce dermatitis. Chrom- 
itch is not uncommon among workers handling chromates. The amines 
are said to be absorbed through the skin®®. Morpholine is said to cause 
kidney and lung trouble when so absorbed. 

Chlorine gas irritates the skin, eyes, and mucous membranes. Concen- 
trations as low as 0.004 per cent by volume in air cause dangerous illness 
in 0.5 to 1 hour. 

When relatively /arge amounts of the non-gaseous chemicals are to be 
handled, protective clothing, including goggles, should always be pro- 
vided, and a shower head or its equivalent provided at or very near the 
point where the chemicals are mixed. Chemicals should always be washed 
from the skin with large volumes of water. 
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For the handling of chlorine and chlorinators, the U. S. Public Health 
Service*^ stipulates the following safety requirements : 

1 . Suitable ^as masks and a small bottle of ammonia for testing for leaks should be 
kept at convenient points immediately outside the room or enclosure in which chlo- 
rine is being stored or is in use. Gas masks should be inspected at regular intervals 
and kept in serviceable condition. Note : — All purpose masks offer adequate protec- 
tion only when the concentration of acid gases does not exceed two per cent — See 
'^Safe Practises Pamphlet tUM National Safety Council”. 

2. Chlorinating equipment and cylinders of chlorine should be housed preferably 
n separate buildings above the ground level. 

3. The room or building housing chlorinators in service should be maintained at 
a temperature above 60 F, but never in excess of the normal summer temperature. 
The cylinders of chlorine should be shielded, where necessary, from excessive heat 
or cold. Direct heat should not be applied to cylinders of chlorine nor should hot 
water be poured over them or come in contact with the cylinder valve. 

4. Adequate ventilation should be provided for all enclosures in which chlorine is 
being fed or stored. 

5. All joints of tubing connecting chlorine cylinder and chlorinators should be kept 
absolutely tight and inspected frequently to insure tightness. Tubing should slope 
upward from the cylinder. 


LEGAL REGULATIONS 

In a number of states, the water used for humidification, even in in- 
dustrial plants, is required to meet drinking water standards insofar as 
bacteriological quality is concerned. A ruling of the f/. S, Department of 
Agriculture, Meat Inspection Division prohibits the use of chromate in 
water used for air washing when the air later contacts foodstuffs*®. 

There is an ever growing consciousness on the part of public health 
officials of the necessity for regulations to protect potable water supplies. 
Attesting this is an ordinance** now in effect in Detroit, Michigan, which 
stipulates in part : 

”No physical connection shall be maintained between lines carrying city water 
and pipes, pumps, or tanks supplied from any other source. Where dual supplies 
are necessary or desired, lines carrying city vrater must be protected against back 
flow of polluted water by an atmospheric gap — Secondary supplies and emergency 
sources shall include : surface waters from rivers, lakes, ponds lagoons, and reservoirs; 
well waters both deep and shallow; any supply of water which has been stored, held, 
or reserved after being used for industrial purposes; cooling water, or water which 
has in any way been treated, processed, or has been subjected or exposed to any con- 
tamination of a bacteriological or chemical nature ; and water from any other source 
than the city supply.” 

The U. S. Public Health Service stipulates: 

”Salts of barium, hexavalent chromium, heavy metal glucosides, or other sub- 
stances with deleterious physiological effects, shall not be allowed in the water 
supply system.” 


The same agency recommends that the concentration of the substances 
listed be held below the the values cited in following table: 


Substance 

Max 

CONCENTBATION, 

ppm 

Substance 

Max 

CONCENTBATION, 

ppm 

CoDper 

3.0 

Arsenic 

0.05 

Iron & Manganese (Total) . . 

0.3 

Selenium 

0.05 

Magnesium 

125.0 

Phenols (Total) 

0.001 

Zinc 

15.0 

Poly-phosphate of Sodium. . 

10.0 

Lead 

0.1 

pH Value @ 25C 

10.6 

Fluorine 

1.0 
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The Board of Directors of the American Waier Works Associaiion has 
accepted these values as standard for all public water supplies in the 
United States^®. While their action is not binding, prudence dictates that 
no form of treatment should be used that will result in raising the con- 
centration of the substances listed above the value cited. 

Since virtually all of the permissible chemicals used for scale, slime, and 
corrosion control have deleterious, physiological effects if taken internally 
in relatively large doses, they should always be carefully proportioned. To 
insure this, the Detroit ordinance stipulates that the chemical feeding 
device must have the following major characteristics: 

There shall be a visible means of checking the quantity of material being 
applied by the feeding device. 

2. A water metering device, sealed to prevent tampering, shall be installed to 
measure the flow of water being treated. 

3. The device shall be constructed so that in the event of back-flow or vacuums, 
the maximum amount of material that may be possibly back-siphoned from the 
device or any of its attachments or parts shall not exceed one fluid ounce. 

4. Should there be a failure of the water metering device or the water supply » 
the feeding device shall automatically cease operating.** 
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The Control of Corrosion in Air-Conditioning Equipment by Chemical Methods, 
by C. M. Sterne (Proceedings, American Society for Testing Materials, Vol. 38, 1935, 
Part 2, p. 261). 

Cold Water Vacuum Deaeration, by S. T. Powell (Proceedings, Water Confer- 
ence, Engineers' Society of Western Pennsylvania, 1945, p. 51). 

Corrosion — Causes and Prevention, by F. N. Speller (McGraw Hill Book Co.« 
1935, p. 366). 
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Corrosion Control with Threshold Treatment, by G. B. Hatch and Owen Rice 
{Jndusirial and Engineering Chemistry, Vol. 32, 1940, p. 1572). 

Refrigeration Data Book {American Society of Refrigerating Engineers, 1936, 
p. 404). 

Engineering Problems of Water Treatment, by L. F. Collins {Power Plant Engi- 
neering, y oh 50, July 1946, p. 78-81, 120). 

« See Ref. 18, p. 470. 

Studies in The Detroit Edison Co. (Unpublished) 

*• Preventing the Solution of COa in Condensates by Venting of the Vapor Space 
of Steam Heating Equipment, by D. S. McKinney, J. J. McGovern, C. W. Young 
and L. F. Collins (A.S.H.V.E. Transactions, Vol. 51, 1945, p. 53). 

** Corrosion in Steam Heating Systems, by Leo F. Collins and Everette L. Hender- 
son {ff eating. Piping and Air Conditioning, October 1939, p. 620). 

« U. S. Patent 1,395,730. 

“ U. S. Patent 2,053,024. 

” U. S. Patent 1,903,287. 

** Treating Steam Chemically to Reduce Return Line Corrosion, by A. A. Berk, 
{Industry and Power, Vol. 53, Nov. 1947, p. 79). 

*• Tests in The Detroit Edison Co. (Unpublished) 

More Infori^tion Concerning Corrosion in Steam Heating Systems, by L. F. 
Collins (Proceedings, Water Conference, Engineers* Society of Western Pennsylvania, 
1943, p. 37). 

Rubber Linings and Coatings, by J. J. McNeil {Corrosion and Material Protec- 
tion, March- April, 1947). 

** Protection of Steel Bins from Corrosion, by J. V. Schaefer {Power Plant Engi- 
neering, Vol. 26, 1922, p. 632). 

Some Notes on Corrosion of Cast-Iron Sectional Boilers, by E. R. Walters 
{The Institution of Healing and Ventilating Engineers, Preprint, 1944). 

** Cathodic Protection of Steel Equipment Submerged in Water, by L. P. Sudra- 
bin (Proceedings, Water Conference, Engineers* Society of Western Pennsylvania, 
1944). 

** A discussion by D, W. Haering {See Ref, 11, p, 66), 

Cyclohexylamine and Dicyclohexylaminc, by T. S. Carswell and H. L. Morrill 
{Industrial and Engineering Chemistry, Vol. 29, 1937, p. 1247). 

Drinking Water Standards, etc. (Imprint ;f^2440, Public Health Reports, Vol. 58, 
No. 3, January 15, 1943). 

•* Discussion of Ref. 15, by R. M. Palmer. 

Official Plumbing Code of the City of Detroit, Article V. 

Private Communication from H. S. Jordan, A.W.W.A. 



CHAPTER 52 

CODES AND STANDARDS 


T he Codes and Standards listed in Table 1 represent accepted practice, 
methods, or standards prepared and accepted by the organizations in- 
dicated. They are valuable guides for the practicing engineer in determin- 
ing test methods, ratings, performance requirements, and limits applying 
to equipment used in heating, ventilating, and air conditioning. Copies 
can usually be obtained from the organization tided in the reference column. 


Table 1. Codes and Standards Prepared and Accepted 
BY Various Societies and Associations 


Subject 

Title 

Sponsor 

1 Reference 

1 

Air Conditioning 

Code of Minimum Requirements for 
Comfort Air Conditioning (1938) 

A.S.H.V.E. 

A.S.R.E. 

A.S.H.V.E. 

Air Conditioning 
(120,000 Btu/Hr 
or less) 

Code and Manual for the Design and 
Installation of Warm Air Winter Air 
Conditioning Systems (1045). 

N.W.A.II. it A.C.A. 

N.W.A.H. & A.C.A. 
Manual No. 7 

Air Conditioning 
(Above 120,000 
Btu/hr) 

The Technical Code for the Design 
and Installation of Mechanical Warm 
Air Heating Systems (1942). 

N.W.A.H. & A.C.A. 

N.W.A.H. A A.C.A. 
Manual No. 9 

Airplano 

Aeronautical Recommended Practice 
for Heating and Ventilating Air> 
planes (1943) 

S.A.E. 

S A.E. 

ARP 85 

Airplano 

Aeronautical Recommended Practice 
for Internal Combustion Type Air- 
plane Heaters (1945). 

S.A.E. 

. S.A.E 
^ARP 143A 

Attic Vontilation 

Attic Ventilation Code (1946) 

P.F.M.A. 

P.F.M.A. 

Boilers 

I s B = R Testing and Rating Code for 
Low Pressure Heating Boilers (1947). 

1.B.R 

l.B.R. 

Boilers 

Net Souare Feet Radiation Loads in 70 
Deg Fahr, Recommended for Low 
Pressure Heating Boilers (1943). 

H.l\ A A.C.C.N.A. 

H.P. & A.C.C.N.A. 

Boilers 

Net Load Recommendations for Heat- 
ing Boilers. 

H.F. it A.C.C.N.A. 

H.P. A A.C.C.N.A. 

Boilers 

standard and Short Form Heat Bal- 
ance Codes for Testing Low Pressure 
Steam Heating Solid Fuel Boilers 
(Codes 1 and 2) (1929). 

A.S.H.V.E. 

A.S.H.V.E. 

Boilers 

A.S.H.V.E. Performance Test Code 
for Steam Heating Solid Fuel Boilers 
(Code No. 3) (1929). 

A.S.H.V.E. 

A.S.H.V.E. 

Boilora 

A.S.H.V.E. Standard Code for Test- 
ing Steam Heating Boilers Burning 
Oil Fuel (1932). 

A.S.H.V.E. 

A.S.H.V.E. 

Boilers 

A.S.H.V.E. Standard Code for Rating 
Steam Heating Solid Fuel Hand 
Fired Boilers (Revised April 1930). 

A.S.H.VE. 

A.S.H.V.E. 

Boilran 

A.S.H.V.E. Standard Code for Testing 
Stoker-Fired Steam-Heating Boilers 
(1938). 

A.S.H.V.E. 

A.S.H.V.E. 

Boilers 

A.S.M.E. Boiler Construction Code 
for Low I’ressure Heating Boilers. 

A.S.M.E. 

A.S.M.E. 

Bulers 

(Miniature) 

A.S.M.E. Miniature Boiler Code 
(1946). 

A.SM.E, 

A.S.M.E. 

Boilen 

A.S.M.E. Boiler Construction Code 
(Combined Edition) (1946 with 1947 
Addenda). 

A.S.M.E, 

A.S.M.E. 
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SUBJSCT 

Title 

Sponsor 

Rrpbrbncx 

Boilers (Power) 

A.S.M,E. Power Boiler Code, Indud- 
ing Rules for Inspedaon (1946 with 
1947 Addenda). 

A.a.M.E. 

A,S,M.E. 

Boilers (Power) 

Suggested Rules for Care of Power 
Bmlers (1946). 

A.S.M.E. 

A,8.M.E, 

Boilers (Sted) 

Sted Boiler Institute Rating Code for 
Commerdal Sted BoUers and Red- 
dential Sted BoUers (1948). 

8.BJ. 

S.BJ. 

BoUers (Sted) 

Simplified Practice Recommendation 
for Sted Firebox Heating BoUers 
(1987). 

B,8. 

8.B.L 

B.8. 

R167-37 

BoUers (Sted) 

SBI Code for Testing (Xl-Fired Red- 
dential Sted Heating BoUers (1948). 

S.B.I. 

S.B.I. 

Building 

Requirements 

American Standard Building Require- 
ments (1946). 

N,H.A. 

U.8.P.HB. 

A.S.A. 

Burners (Gas) 

American Standard Testing Require- 
ments for Gas Convenion Burners 
(1941). 

A.U.A. 

A.S.A. 

Z21.17-1940 

Burners (Gas) 

American Standard Requiremoits fmr 
Installation of Domestic Gas Conver- 
sion Burners 

A.O.A, 

A.S.A. 

Z21.8-1948 

Burners (Gas) 

American Standard Requiremoits for 
Installation of (Sas Burning Equip- 
ment in Power BoUers (1942). 

A.O.A. 

A.8.A. 

Z21.83-1942 

Burnen 

(Anthracite) 

Commercial Standard for Domestic 
Burners for Pennsylvania Anthnunte 
(Undc^e^ Type) (1940). 

B.8. 

AJ.L, 

B.8. 

CS48-40 

Burners (Oil) 

Commercial Standard for Mechanical- 
^ Draft Oil Burners Designed for Do- 
mestic Installations (1942). 

B,8. 

O.B.I. 

B.8. 

CS75A2 

Chimneys (Flue 
linings) 

American Standard Sixes of Clay Flue 
Linings (1947). 

AJ.A. 

P.C. 

A.8.A. 

A62.4-1947 

Cleaners (Air) 

A.S.H.V.E. Standard Code for Test- 
ing and Rating Air Cleaninj; Devices 
Used in General YentUation Work 
(1934). 

A.8.H.V.E. 

See A.S.H.V.E. 
Transactions, Vol. 
39, 1933, p. 225 

Color Scheme 
(Piping) 

Scheme for Identification of Piping 
Systems (1946). 

H.P. A A.C.C.N.A, 

H.P, & A.C.C.N.A. 
Engrg. Stds., Sec. 2, 
Part V 

Color Scheme 
(Piping) 

Scheme for Identification of Piping 
Systems (1928). 

A.8.M.E. 

A.S.A. 

A13-1928 

Coils 

Proposed Commercial Standard for 
Rating and Testing Air Cooling Coils 
Using Non-V(datUe Refrigerants 
(1945). 

B,C,M.I. 

B.8. 

B.8. 

T.S. 4044 

Compressors 

Tentative A.S.R^. Standard Meth- 
ods of Rating and Testing Refrig- 
erant Compressore. 

A.8.R.E, 

A.S.H.V.E. 

A.C.R.M.A. 

A.8.R.E. 

Circular No. 23 

Condensers 

A.8.R.E. Standard Methods of Rating 
and Testing Evaporative Condensers. 

A.8.R.E. 

A.S.H.V.E. 

A.C.R.M.A. 

A.8.R.E. 

Circular No. 20 

Condensers 

Tentative A.S.R.E. Standard Meth- 
ods of Rating Water-Cooled Refrig- 
erant Condensers. 

A.8.R.E. 

A.S.H.V.E. 

A.C.RM.A. 

A.8.R.E. 

Circular No. 22 

Condensing 

Units 

A.S.R.E. Standard Methods of Rating 
and Testing Mechanical Condensing 
Units (1940). 

A.8.R.E. 

A.S.H.V.E. 

A.C.RM.A. 

A.8B.E. 

Circular No. 14-41 

Conductivity 

Standard Method of Test for Thermal 
Conductivitjy of Materials by Means 
of the Guarded Hot Plate (Tentative) 
(1942). 

A.S.H.V.E. 

A.8.R.E, 

A.8.TM. 

NM.C. 

A.S.H.V.E. 
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Table 1. Codes and Standabdb— (Continued) 


SUBJBCT 

Tolm 

Sponsob 

Refbbxncb 

Control Equip- 
ment (Indus- 
trial) 

Underwriter's Laboratories, Inc.. 
Standard for Industrial Control 
Equipment (July 1938, reprinted 
Sept. 1946). 

* U.L. 

V.L. 

Subject 608 

Controls 

Underwriter’s Laboratories, Inc., 
Standard for Temperature Indicating 
and Regulating Equipment (Jan. 
1947). 

U.L. 

U.L. 

Subject 873 

Convector 

A.S.H.V.E. Standard Code for Test- 
ing and Rating Concealed Gravity 
Type Radiation (Steam Code)(l(^l). 

A.S.H.V.E. 

A.S.H.V.B. 
Tbanbactxons, Vol. 
37, 1931, p. 867 

Convector 

A.S.H.V.E. Standard Code for Testing 
and Rating Concealed Gravity Type 
Radiation (Hot Water Section) (1933). 

A.S.H.V.E. 

A.S.H.V.E. 
Tbanbactionb, Vol. 
39, 1933, p. 237 

Convector 

Commercial Standard for Testing and 
Rating Convectors (1947). 

B.8. 

C.M.A. 

I.B.R. 

B.S. 

CS 140-47 

Coolers (Air) 

Proposed A.8.R.E. Standard Methods 
of Rating and Testing Foroed Circu- 
lation and Natural Convection Air 
Coolers for Refrigeration (1946). 

A.8,R.E. 

A.S.H.V.E. 

A.C.B.M.A. 

R.E.M.A. 

A.S.R.E. 
Circular No. 25-44 

Coolers 

Tentative A.S.R.E. ‘ Standard Meth- 
ods of Rating and Testing Water and 
Brine CoolecB. 

A.8.R.E. 

A.S.H.V.E. 

A.CMM.A. 

A.8.R.E. 
Circiilar No. 24 

Cooling Units 

Standard Methods of Rating and Test- 
ing Self Contained Air Conditioning 
Units for Comfort Cooling (1940). 

A.8.R.E. 

A.8.H.V.E. 

RM.A, 

N,E.M,A. 

A.CM.A, 

A.S.R.E. 

\ Circular No. 16 

Ducts and 
Fittings 

Simplified Practice Recommendation 
for Pipes, Ducts and Fittii^ for 
Warm Air Heating and Air Condi- 
tioning (1946). 

Mfre. 

B.8. 

B.8. 

R207-45 

Excliangers 

(Heat) 

Qt&ndaxdaol Tubular Exchanger Man- 
ufacturere Aeeociation (1941). 

T.E.M.A. 

T.E.M.A. 

Exhaust 

Systems 

.American Standard for Grinding, Pol- 
ishing, and Buffing Equipment Sani- 
tation (1941). 

A.F.A. 

A.S.A. 

Z43-1941 

Exhaust 

Systems 

Tentative Code of Recommended 
Practices for Testing and Measuring 
Air Flow in Exhaust Systems (1K7). 

A.F.A. 

A.F.A. 

Preprint 36-27 

Exhaust 

Systems 

Tentative Recommended Good Prac- 
tice Code and Handbook on the Fun- 
damentals of Design, Construction, 
Operation and Maintenance of Ex- 
haust Systems. 

A,F.A. 

A.F.A. 

Fans 

Definitions and Terms in Use by the 
Blower Industry (1946). 

N.A.FM. 

N.A.F M. 
Bulletin No. 105 

Fans 

Standard Test Code for Centrifugal 
and Axial Fans (1938) . 

N.A.F.M* ’ 
A.S.H.V.B. 

N.A.F,M. 
Bulletin No. 103 

Fans 

Standards for Fans (1947). 

N.E.M.A. 

N.EM.A. 

Publ. 47-128 

Fire Prevention 

Building Code Recommended by the 
National Board of Fire UndenoriUre 
(1943). 

NM,F,U, 

NM.FM. 

Fire Prevention 

National Fire Codes (1944). 

N.F,P.A, 

N.F.P.A. 

Fire Prevention 

National Fire Code for the Prevention 
of Dust Explosions (1943). 

N.F.P.A. 

N.F.P.A. 

Furnaces (Duct) 

American Standard Approval Re- 
quirements for Gas-Fired Duct Fur- 
naces (1942). 

A.G,A. 

A.8.A, 

Z21 .34-1942 


Also endoned by F.F.M.A. 
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SxrwacT 

TmiV 

Sponbor 

Reference 

FiirnaceB (Gas, 
noor) 

Commerdal Standard for Gas Floor 
Furnaces— Gravity Circulating Type 
(1942). 

B.S. 

A.G.A.EM. 

B.S. 

CS99-42 

Furnaces (Gas) 

American Standard Approval Re- 
quirements for Central Heating Gas 
Appliances (1943). 

A.G.A. 

A S.A. 
Z21.13-194:t 

Furnsicofi 

Forced Air, 
Solid.Fiiel) 

Commercial Standard for Solid-Fuel- 
Burning Forced Air Furnaces (1944). 

V.1I.A. 

N.W.A.ILA A.C.A 
A.l.L. 

B.S. 

rsiou-44 

I'uriiaces (Oil- 
Fired) 

(^)mmercial Standard for Warm Air 
Furnaces Fquippod with Vapori/ing 
Pot Type Oil Burners (1043). 

Mfrs. 

B.S. 

B.S. 

CS104-43 

Furnaces (Oil) 

A Tentative Code for Testing Oil- 
Fired Furnaces. 

N.W.A.n X A.C..4 

y.W.A.H. A A.C.A 

FuTnH(toB (Oil) 

Commercial Standard for Oil Ruruing 
Floor Furnaces Equipped with Vu 
poriziiig Pot-Tyijo Burners (1944). 

B.S. 

O.P.A. 

B.S. 

CS 113-44 

Garages 

Code of Minimum Retiuirements for 
Heating and Ventilating Garages 
(1936). 

A.S.H.V.E. 

A.S.H.V.E. 

Gases (Toxic) 
and Dust 

American Standard Allowable ('on 
centration of Harmful Ciases: 

Carbon Monoxide 

Hydrogen Sul (i tie 

Carbon di-sulfide 

Benzene 

Cadmium 

■A.S.A. 

A.S.A. 

Z37.1-1941 

Z37.2-1941 

Z37.3-1941 

Z37.4-1941 

Z37.5.1941 


Manganese 

Chromic Acid and Chromates 
Mercury 

Metallic Arsenic anti .Vrsenie 'J'ri- 
oxide 


Z37.6-1942 

Z37.7-1943 

Z37.8-1943 

Z37.9-1943 

1 

i 

I Xylene 

head and Certain Inorganic Leitd 
CoinpoundM 

Toluene 

Oxides of Nitrogen 

Methanol 


Z37.10-1943 

Z37.1 1-1943 

Z37.12-1U43 

Z37. 13-1944 
Z37.14-1944 

! 

Sty rone-M o non ler 

Formaldehyde 


Z37.15-1944 

Z37.16-1944 

Heat Transfer 
(Walls) 

A.S.H.V.E. Standuid Tcht Code for 
Heat Transmission Through Walls 
(1928). 

A.S.H.V.E 

A.S.H.V.E. 

Homes (Pre- 
fabricated) 

Commercial Standard ft)r Prefabri- 
ciited Homes 

PHMl 

B.S. 

B.S. 

CS 125 47 

Mineral W'ool 

Commercial Standard for Mineral 
Wool: Blankets. Blocks, Insulating 
Cement, and ripe Insulation for 
Heated Industrial Equipment (1944). 

B.S. 

IM.W.I. 

B.S. 

CSl 17-44 

Mineral Wool 

Commercial Standard for Mineral 
Wool: Jwoobe, (Granulated, or Felttsl 
Form, in Low Temperature Iiistallu- 
tioiis (1943). 

B.S. 

I.M.W.I. 

B.S. 

CS105 43 

Mineral Wool 

It ei!orriin ended Commercial Standard 
for Industrial Mineral Wool ProdueUi 
—All Types— Testing and Reporting 
(1946). 

LM.W.I. 

B.S. j 

I 

B.S. 

CS131-4G 

1 

Motors 

Neina Motor and Generator Standards 
(June 1945). 

N.E.M.A. 

i\’.E..\I.A. 

45-102 

Piping 

American Standard Code fur Pressure 
Piping (1942). 

A.S.M.E, 

A.S.A. 

B31. 1-1942 

Pumps 

Hydraulic Institute Test Code for 
Centrifugal Pumps. Hydraulic In- 
stitute Test Code for Rotary Pumps 
(1943). 

ri.i. 

HI. 

Section F 

i 
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Table 1. Coder and Standards — (Continued) 


SUMBCT 

Title 

Sponbor 

Repebence 

Radiators 

Code for Testing Radiators (1927). 

* A.S.H.V.E. 

A.S.H.V.E. 

Radiators 

Simplified Practice Recommendation 
for Cast Iron Radiators (1943). 

I.B.R. 

B.8. 

B.8. 

R174-43 

Refrigeration 

(Equipment) 

Underwriter’s Laboratories. Inc., 
Standard for Air ConditioniM and 
('ommercial Refrigerating l^uip* 
ment (Feb. 1946). 

U.L. 

U.L. 

Subject 207A 

Refrigeration 

(Mechanical) 

American Standard Safety Code for 
Mechanical Refrigeration (1939). 

A.8,R.E. 

A.S.A. 

B9-1939** 

Refrigeration 
(Unit Systems) 

Underwriter’s Laboratories, Inc., 
Standard for Unit Refrigerating Sys- 
tems (Feb. 1946). 

U.L, 

U.L. 

Subject 207C 

Refrigerators 
(Gas- Fired) 

American Standard Approval Re- 
quirements for Refrigerators Using 
Gas Fuel (1941). 

A.O.A. 

A.S.A. 

Z21.19-mt 

RefrigeratorH 

(Household) 

American Standard Test Procedures 
for Household Electric Refrigerators 
(Mechanicall 3 ’ Operated) (1944). 

A.8.R.E. 

U.8.D.A 

A.S.A. 

B38.2-1944 

Sound 

Sound Measurement Test Code for 
Centrifugal and Axial Fans (1942). 

N.A.FM. 

N.A.F.M. 
Bulletin No. 104 

Sound 

American Recommended IVactice for 
the Calibration of Microphones 
(1938). 

A.8.ofA. 

A.8.A. 

Z24.4-1938 

Space Heaters 

Aramcan Standard Approval Re- 
quirements for Gas Space Heaters 
(1942). 

A.Q.A, 

A,8.A. 

Z21.11-1942 

Space Heaters 

! 

Commercial Standard for Flue Con- 
nected Oil-Burning Space Heaters 
Equipped with Vaporizing Pot-Type 
Burners (1943). 

1 C. tfc ILA.M. 

B.8. 

CSlOl-43 

Stokers 

Code for Determination of Rated Ca- 
pacities of Anthracite Underfeed 
Stokers (1944) 

8.M.A. 

S.M.A. 

Stokers 

Code f or Determination of Rated Ca- 
I>acitieB of Bituminous Underfeed I 
Stokers (1944). ! 

S.M.A. 

SM.A. 

Stokers 

Recommended Minimum Firebox 
Dimensions and Base Heights (1944). 

SM.A, 

S.M.A. 

Stokers 

Recommended Standards Governing 
Minimum Setting Heights (1944). 

SM.A. 

S.M.A. 

Unit Heaters 

Standard Code for Testing and Rating 
Steam Unit Heaters (1930). 

A.S.H.V.E. 

I.U.H.A, 

A.S.H.V.E. 

J.U.n.A. 

Unit Heaters 

Standard Code for Testing Hot Water 
Unit Heaters (1942). 

l.UM.A. 

I.U.rf.A. 

Unit Heaters 

AmericMiii Standur<i Approval Re- 
quirements for Gas Unit He.'itcrs 
(1940). 

.\,Q.A, 

A.S.A. 

Z21 16-1940 

I'uit Ventilators 

A.S.H.V.Fi. Standard Code for Test- 
ing and Rating Steam Unit Ventila- 
tors (1934). 

A.S.II.V.E. 

A.S.H.V.E. 

Unfirod Pressure 
Vessels 

Unfired Pressure Vessel Code (1946 
with 1947 Addenda). 

A.SM.E. 

A.S.M.E. 

Vacuum Pumjw 

A.S.H.V.E. Standard Code for Test- 
ing and Rating Return Lino Low 
Vacuum Heating Pumps (1934). 

A.S.H.V.E. 

A.S.H.V.E. 

>\'arm Air 
(Gravity) 

Gravity Code and Manual for the De- 
sign and Installation of Qravitj’ 
Warm Air Heating Systems (1945). 

N.W.A.H. & A.C.A. 

N.W.A.H. A A.C.A. 
Section No. 6 

^^}lter Heaters 

i 

j N E.M.A. Standards for Electric 

1 Water Heaters (1945). 

N.EM.A, 

S.E.M.A. 

45-104 


** Also desigUHted A.S.R.E. Circular No. 15. 
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ALCO VALVE CO., 851 Kingsland Ave., St. Louis 5, Mo 1223 

ALDRICH CO., 121 E. Williams St., Wyoming, 111 1245 

LOUIS ALLIS CO., THE, Milwaukee 7, Wis 1186 

ALLIS-CHALMERS MFG. CO., 1126 South 70th St., Milwaukee 1, Wis. . . 1046-1047 
AMERICAN AIR FILTER CO.,INC., 673 Central Ave., Louisville 8, Ky.. . 1108-1109 
AMERICAN ARTISAN (pubUcation), 6 N. Michigan Ave., Chicago 2, 111. . . . 1379 

AMERICAN BLOWER CORP., P. O. Box 58, Roosevelt Park Annex, Detroit 32, 

Mich 1028-1029 

AMERICAN BRASS CO., THE, Waterbury 88, Conn 1098-1099 

AMERICAN COOLAIR CORP., 3606 Mayflower St., Jacksonville 3, Fla. . . 1153 

AMERICAN FLANGE & MFG. CO., INC., 30 Rockefeller Plaza, New York 20, 

N. Y 1371 

AMERICAN FOUNDRY & FURNACE CO., P. O. Box904, Bloomington, 111. . 1048-1049 
AMERICAN HYDROTHERM CORP., 215 East 27th St., New York 16, N. Y. ... 1302 

AMERICAN MOISTENING CO., Providence 1, R. 1 1133 

AMERICAN RADIATOR & STANDARD SANITARY CORP., Pittsburgh 30, 

Pa 1246-1247 

AMERICAN SOCIETY OF REFRIGERATING ENGINEERS, 40 West 40th 

St., New York 18, N. Y. 1376 

AMERICAN STRUCTURAL PRODUCTS CO., Sub. of Owens-Illinois Glass 

Co., Kaylo Insulation and Insulux Glass Blocks, Toledo 1, Ohio .... 1346-1347 

AMERICAN 3 WAY-LUXFER PRISM CO., 431 S. Dearborn St., Chicago 5, 

1348 

V. D. ANDERSON CO., THE, 1942 West 96th St., cievelandi Ohio. . . . . 1310-1311 
ANEMOSTAT CORP. OF AMERICA, 10 East 39th St., New York 16, N. Y. . 1190-1191 

APRIL SHOWERS CO., INC., 4126 Eighth St., N.W., Washington 11, D. C 1126 

ARMCO STEEL CORP., 703 Curtis St., Middletown, Ohio 1215 

ARMSTRONG CORK CO., Building Materials Div., Lancaster, Pa 1352 

ARMSTRONG MACHINE WORKS, 851 Maple St., Three Rivers, Mich. . . 1312-1313 

AUER REGISTER CO., THE, 3608 Payne Ave., Cleveland 14, Ohio 1193 

AUTOMATIC BURNER CORP., 1823 Carroll Ave., Chicago 12, 111 1279 

AUTOMATIC GAS EQUIPMENT CO., Brushton & Thomas St., Pittsburgh 21, 

Pa 1072 

AUTOVENT FAN & BLOWER CO., DIV., HERMAN NELSON CORP., Mo- 

Une, 111 1086-1087 


B 


BABCOCK & WILCOX CO., THE, 85 Liberty St., New York 6, N. Y 1262 

BAHNSON CO., THE, Winston-Salem, N. C 1030-1031 

BAKER REFRIGERATION CORP., South Windham, Maine 1146 

BALDWIN-HILL CO., 549 Breunig Ave., Trenton 2, N. J 1353 

BARBER-COLMAN CO., Rockford, 111 1194 

BARNES ft JONES, INC., 129 Brookside Ave., Boston 30, Mass 1314 

BAYLEY BLOWER CO., 1817 S. Sixty-SUth St., Milwaukee 14, Wis 1154 

BELL ft GOSSETT CO., Morton Grove, HI 1296-1297 


995 
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BIGELOW CO., THE 105 River St., New Haven 3, Conn 1263 


BISHOP & BABCOCK MFG. CO., THE, Massachusetts Blower Div., 4901- 

4915 Hamilton Ave., ClevelandU, OMo 1155 

G. C. BREIDERT CO., 3129 San Fernando Rd., Los Angeles 41, Calif 1188 

BROWNELL CO., THE, 452 N. Findlay St., Dayton 1, Ohio 1264 

BRYAN STEAM CORP., Chili Pike, Peru, Ind 1248 

BRYANT HEATER CO., 17825 St. Clair Ave., Cleveland, Ohio 1050 

BUFFALO FORGE CO., 450 Broadway, Buffalo, N. Y 1156 

BUFFALO PUMPS, INC., 450 Broadway, Buffalo, N. Y 1303 

BURDEN CO., 1000 N. Orange Drive, Los Angeles 38, Calif 1157 

BURNHAM CORP., Irvington-on-Hudson, N. Y. 1249 

BUSHINGS, INC., Coolidge at 14 Mile Road, Royal Oak, Mich 1354 

C 

CAMPBELL HEATING CO., 31st and Dean, Des Moines, Iowa 1052-1053, 1064 

E. K. CAMPBELL HEATING CO., 1809 Manchester, Kansas City 3, Mo 1065 

PHILIP CAREY MFG. CO., THE, Lockland, Cincinnati 15, Ohio 1340>1341 

CARNEGIE-ILLINOIS STEEL CORP., Pittsburgh, Pa 1216 


V/AJEUUAA «9y rai.ua V Ji, xi. x. xuja— xuoo 

CARTY & MOORE ENGINEERING CO., 511 West Lamed St., Detroit 26, 

Mich 1315 

CELOTEX CORP., THE, 120 S. LaSalle St., Chicago 3, 111 1355 

CHAMPION BLOWER & FORGE CO., Lancaster, Pa 1158 

CHELSEA FAN & BLOWER CO., INC., 1206 Grove St., Irvington 11, N. J.. . 1159 
CHICAGO METAL HOSE CORP., Expansion Joint Div., Maywood, 111.. . 1102, 1217 

CHICAGO PUMP CO., 2330 Wolfram St., Chicago 18, 111 1304 

CHICAGO STEEL FURNACE CO., 9326 S. Anthony Ave., Chicago 17, 111 1066 

CHRYSLER AIRTEMP, DIV. of CHRYSLER CORP., Dayton 1, Ohio. . . 1054-1055 

CLARAGE FAN CO., Kalamazoo, Mich 1034 

COAL-HEAT (publication), 20 W. Jackson Blvd., Chicago 4, 111 1377 

COMBUSTION CONTROL CORP., 77 Broadway, Cambridge 42, Mass 1073 

COMBUSTION ENGINEERING-SUPERHEATBR, INC., 200 Madison Ave., 

New York 16, N. Y 1265 

COMBUSTION EQUIPMENT DIVISION, TODD SHIPYARDS CORP., 8116 

— 45th Ave., Elmhurst, Queens, N. Y 1281 

CONDENSER SERVICE 8b ENGINEERING CO., INC., 65 River St., Hoboken, 

N. J 1137 

W. B. CONNOR ENGINEERING CORP., 114 East 32nd St., New York 16, 


CONTINENTAL AIR FILTERS, INC., 2524 Helm St., Louisville 1, Ky 1114 


wv/., oasM o. jni«.a^au avc., x^ait^aKU xii 

CRAWFORD-AUSTIN MFG. CO., 6th & Jackson St., P.O. Box 209, Waco, 

Texas 1356 

CURTIS REFRIGERATING MACHINE DIV. of CURTIS MFG. CO., 1959 

Kienlen Ave., St. Louis 20, Mo 1147 

CYCLOTHERM CORP., 90 Broad St., New York 4, N. Y 1280 

D 

DeBOTHEZAT FANS DIV., AMERICAN MACHINE 8k; METALS, INC., East 

Moline, 111 1160 

CHARLES DEMUTH & SONS, INC., 245 Elm Place, Mineola, N. Y 1195 

DETROIT LUBRICATOR CO., DIV. of AMERICAN RADIATOR 8k; STAND- 

ARD SANITARY CORP., 5900 Trumbull Ave., Detroit 8, Mich 1224-1225 

DOLE VALVE CO., THE, 1933 Carroll Ave., Chicago 12, lU 1338 

DOLLINGER CORP., 6 Centre Pk., Rochester 3, N. Y 1116-1117 

DOMESTIC ENGINE 8k; PUMP CO., A Div. of Empire Industries, Inc., Ship- 

pensburg. Pa 1305 

DOMESTIC ENGINEERING (publications,) 1900 Prairie Ave., Chicago 16, 


burgh 22, Pa 1069-1069 

DRY AIR PRODUCTS CORP., 734 Jackson Place, N.W., Washington 6, D. C.. . 1074 


1316-1317-1318-1319-1320 

DUO-THERM DIVISION of MOTOR WHEEL CORP., Lansing 3, Mich 1051 

DURANT INSULATED PIPE CO., 1015 Ronnymede St., P. O. Box 88, Palo 

Alto, Calif 1343 
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BAGLE-PICHER CO., THE, American Bldg., Cincinnati 1, Ohio 1357 

ELECTRIC ATTTO-LITE CO., THE, Inatnsment ft Gauge Div., Toledo 1, Ohio. 1228 

ELECTROMODE CORP., 45 Crouch St., Rochester 3, N. Y 1075 

ENTERPRISE ENGINE ft FOUNDRY CO., Burner Div., 18th and Florida 

Sts., San Francisco 10, Calif 1282 


F 


FARR COMPANY, Los Angeles, Calif 1115 

FARRAR ft TREFTS, INC., 20 Milbum St., Buffalo 12, N. Y 1258 

FEDDERS-QUIGAN CORP., 57 Tonawanda St., Buffalo 7, N. Y 1076 

FITZGIBBONS BOILER CO., INC., 101 Park Ave., New York 17, N. Y. . . 1268-1267 

FOSTER WHEELER CORP., 165 Broadway, New York 6, N. Y 1127 

FRICK CO. (Inc.), Waynesboro, Pa 1148 


G 

G ft O MANUFACTURING CO., THE, 1 33 Winchester Ave., New Haven, Conn. 1142 

GENERAL BLOWER CO., 8622 Ferris Ave., Morton Grove 5, 111 1161 

GENERAL CONTROLS, 801 Allen Ave., Glendale 1, CaUf 1226-1227 

GENERAL ELECTRIC CO., Air Conditioning Dept., Bloomfield, N. J.. . . 1036-1037 

GENERAL ELECTRIC CO., Apparatus Dept., Schenectady, N. Y 1184-1185 

GENERAL REFRIGERATION, DIVISION YATES-AMERICAN MACHINE 

CO., Beloit, Wls 1035 

GRINNELL CO., INC., Providence 1, R. 1 1077, 1218-1219 

H 

WILLIAM S. HAINES ft CO., 1010-12-14 Wood St., Philadelphia 7, Pa 1321 

ARTHUR HARRIS ft CO., 210-218 N. Aberdeen St., CMcago 7, 111.. . 1220 

HART ft COOLEY MFG. CO., Holland, Mich 1198-1199 

HASTINGS AIR CONDITIONING CO., INC., Hastings, Nebr 1038 

HEATING ft VENTILATING (pubUcation), 148 Lafayette St., New York 13, 

N. Y 1380 

HEATING, PIPING AND AIR CONDITIONING (pub^ 6 N. Michigan 

Ave., Chicago 2, 111 1379 

HENDRICK MFG. CO., 48 Dundaff St., Carbondale, Pa 1200-1201 

HENRY VALVE CO., Melrose Park, 111 1229 

HOFFMAN SPECIALTY CO., 1001 York St., IndianapoUs 7, Ind 

1322-1323-1324-1325 

HOOK ft ACKERMAN, 18 East 41st St., New York 17, N. Y 1252 

HUBBELL CORP., 319 N. Albany Ave., Chicago 12, 111 1230 

HUNTER FAN ft VENTILATING CO., INC., P.O. Box 2858, Desoto Station, 

400 S. Front St., Memphis 2, Term 1162 


1 

ILG ELECTRIC VENTILATING CO., 2876 N. Crawford Ave., Chicago 41, 111... 

1078, 1163 

Illinois Engineering Co., Chicago 8, 111 1326-1327 

ILLINOIS TESTING LABORATORIES, INC., Room 516, 420 N. LaSalle St., 

Chicago 10, 111 1231 

INDEPENDENT REGISTER CO., THE 3747 East 93rd St., Cleveland 5, Ohio . . 1202 

INFRA INSULATION, INC., 10 Murray St., Now York 7, N. Y 1372 

INGERSOLL-RAND, 11 Broadway, New York 4, N. Y 1308 

INSULITE, 500 Baker Arcade Bl^, MUmeapoUs 2, Minn 1358-1359 

INSUL-MASTIC CORP. OF AMmCA, General Offices, 1150 OUver Bldg., 

Pittsburgh 22, Pa 1364 

INTERNATIONAL BOILER WORKS CO., THE, 350 Birch St., East Strouds- 

burg. Pa 1269 

INTERNATIONAL EXPOSITION CO., Grand Central Palace, New York 17, 

N.Y 1309 


J 


T^EN MFG. CO., Hasfings, Nebr 1079 

PNKINS BROS., 80 White St., New York 13, N. Y 1339 

TOHNS-MANVILLE, 22 East 40th St., New York 16, N. Y 1360-1361 

S. T. JOHNSON CO., 940 Arlington Ave., Oakland 8, Calif 1284-1285 
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fOHNSON SERVICE CO., Milwaukee, Wis 1232-1233 

OHNSTON BROS. INC., Ferrysburg, Mich 1274 


fOY MFG. CO., General Offices, Heniy W. Oliver Bldg., Pittsburgh 22, Pa.. 

1164-1165 


K 


KENNARD CORP., 1819 S. Hanley Rd., St. Louis 17, Mo 1080 

KENT CO. INC., THE, 433 Canal St., Rome, N. Y 1291 

KEWANEE BOILER CORP., Kewanee, lU 1270-1271-1272-1273 

KIMBERLY-CLARK CORP., Neenah, Wis 1362-1363 


L 


LAU BLOWER CO., THE, 2007 Home Ave., Dept. H, Dayton 7, Ohio 1166 

LEE ENGINEERING CO., Seaboard Trust Bldg., 95 River St., Hoboken, 

N. J 1067 

LIBBEY-OWENS-FORD GLASS CO., Room 1038 HVA, Nicholas Bldg., 

Toledo 3, Ohio 1349 

H. C. LITTLE BURNER CO.. San Rafael, Calif 1283 

LOCKPORT COTTON BATTING CO., Lockport, N. Y 1365 

M 

MARLEY CO., INC., THE, Fairfax and Marley Roads, Kansas City 15, Kan. ... 1130 

MARLO COIL CO., 6135 Manchester Ave., St. Louis 10, Mo 1149 

JAS. P. MARSH CORP., Dept. 5, Skokie, 111 1328-1329 

JOS. A. MARTOCELLO & CO., 229-231 North 13th St., Philadelphia 7, Pa 1134 

McDonnell & miller, INC., Wrlgley Bldg., Chicago 11, 111 1294-1295 

McQUAY, INC., 1602 Broadway, N.E., Minneapolis 13, Minn 1082-1083 

MERCOID CORP., THE, 4201 Belmont Ave., Chicago 41, 111 1234 

MEYER FURNACE CO., THE, Peoria 1, 111 1056-1057 

MINNEAPOLIS-HONEYWELL REGULATOR CO., 2958 Fourth Ave., So., 

Minneapolis 8, Minn 1236-1237 

MODINE MFG. CO., 1515 Dekoven Ave., Racine, Wis 1084-1085 

MOELLER INSTRUMENT CO., 132nd St. and 89th Ave., Richmond Hill 18, 

N.Y 1235 

MONARCH MFG. WORKS, INC., 2509 E. Ontario St., Philadelphia 34, Pa 1135 

MOREHEAD MFG. CO., 2455 W. Warren Ave., Detroit 8, Mich 1336 

MORRISON PRODUCTS, INC., East 168th St. and Waterloo Rd., Cleveland 

10, Ohio 1167 

MT. HAWLEY MFG. CO., Mt. Hawley Airport, Peoria, 111 1275 

MUELLER BRASS CO., Port Huron, Mich 1100-1101 

L. J. MUELLER FURNACE CO., Milwaukee 7, Wis 1058-1059 

MUNDET CORK CORP., Insulation Div., 7101 Tonnelle Ave., North Bergen, 

N. J 1366 

D. J. MURRAY MFG. CO., Wausau, Wis 1081 

N 

NASH ENGINEERING CO., THE, 234 Wilson Rd., South Norwalk, Conn. . 1306-1307 

NATIONAL HEATER CO., 2182 Cleora Ave., St. Paul 4, Minn 1070 

NATIONAL RADIATOR CO., THE, Johnstown, Pa 1254-1255 

HERMAN NELSON CORP., THE, Moline, 111 1086-1087 

JOHN J. NESBITT, INC., PhiUdelphia 36, Pa 1088 

ETABLISSEMENTS NEU, 47, Rue Fourier, Lille, (Nord) France 1203 

NEW YORK BLOWER CO., THE, 3145 So. Shields Ave., Chicago 16, 111 1168 

NIAGARA BLOWER CO., 405 Lexington Ave., New York 17, N. Y 1039 


O 


ARTHUR A. OLSON ft CO., Broad and Court Sts., Canfield, Ohio 1071 

OWENS-CORNING FIBERGLAS CORP., Toledo 1, Ohio 1118-1119 

P 

PACIFIC LUMBER CO., THE, 100 Bush St., San Francisco 4, Calif 1367 

PACIFIC STEEL BOILER DIV., U. S. RADIATOR CORP., Detroit 31 , Mich. . . 1258 
PACKLESS METAL PRODUCTS CORP., 31 Winthrop Ave., New Rochelle, 

N. Y 1103 

PAN-L-HEAT CORP., 2838 N.E. Columbia Blvd., Portland 11, Ore 1298 
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PAKKS-CRAMKt CO., Fitchbuw, Mass loio 

PATTraStSON-KELLBY CO., THS, 124 Warren St., B. Stroudsbure, Pa 1138 

PBNN ELECTRIC SWITCH CO., Gosben, Ind 1238 


x'AA.A.vfjuAwjM. XI jBf A X w x'\/ TT jbA oiwuiura, 

PITTSBURGH CORNING CORP., 632 Dnquesne Way, Pittsbureb 22, Pa. 1350-1351 
PITTSBURGH LECTRODRYER CORP.,* Foot of 32nd St., P. O. Box 1766, 

Pittsburgh 30, Pa 1041 

PLUMBING AND HEATING JOURNAL (publication), 45 West 4Stb St., New 

York 19, N. Y 1381 

H. W. PORTER A CO., INC., 817>G Frellngbuysen Ave., Newark 5, N. J.. . . 1344 

POWERS REGULATOR CO., THE, 2719 Greenview Ave., Chicago 14, 111 1239 

J. F. PRITCHARD A CO., Equipment Dlv., 908 Grand Ave., Kansas City 6, Mo. 1131 
PROPELLAIR DIV., ROBBINS A MYERS, INC., 1947 Clark Blvd., Springfield, 

Ohio 1169 

PYLE-NATIONAL CO., THE, 1363-78 West 37th St., Chicago 9, 111 1204-1205 

R 

RAY OIL BURNER CO., 401-499 Bernal Ave., San Francisco 12, Calif. . 1288-1289 

RAYTHEON MFG. CO., Waltham 54, Mass 1120 

REFLECTAL CORP., 155 East 44tb St., New York 17, N. Y 1373 

REFRIGERATION ECONOMICS CO., INC., 1231 Tuscarawas St. E., Canton 

2, Ohio 1092 

REGISTER A GRILLE MFG. CO., INC., 70 Berry St., Brooklyn 11, N. Y. . . . 1206 

RESEARCH PRODUCTS CORP., Madison 10. Wis 1121 

REVERE COPPER A BRASS, INC., 230 Park Ave., New York 17. N. Y 1097 

RHEBM MFG. CO., 570 Lexington Ave., New York 22, N. Y 1062 

RIC-WIL CO., THE, Union Commerce Bldg., Cleveland, Ohio 1345 

ROCK ISLAND REGISTER CO.. 2435 Fifth Ave., Rock Island, lU 1207 

ROME-TURNEY RADIATOR CO., The, Erie Blvd. East, Rome. N. Y 1143 


S 


SARCO CO., INC., Empire State Bldg., New York 1, N. Y 1330-1331 

SCHWITZER-CXJMMINS CO., 1145 East 22nd St., Indianapolis 7, Ind 1170 

SERVBL. INC., Evansville 20. Ind 1150 

SHAW-PERKINS MFG. CO., Pittsburgh 19. Pa 1144 

SHEET METAL WORKER (publication). 45 West 45th St., New York 19. N. Y. 1381 

SILVERCOTE PRODUCTS, INC., 161 E. Erie St., Chicago 11. Ill 1374-1375 

H. B. SMITH CO., INC., THE, Westfield, Mass 1253 

H. J. SOMERS, INC., 6063 Wabash Ave., Detroit 8, Mich 1122-1123 

SPENCE ENGINEERING CO.. INC., 28 Grant St.. Walden, N. Y 1240 

SPENCER HEATER, DIVISION— AVCO MFG. CORP., Williamsport, Pa. 1256-1257 
STANDARD STAMPING A PERFORATING CO., 3111 West 49th Place, 

Chicago 32, 111 1208 

STERLING. INC., 3738 N. Holton St., Milwaukee 12, Wls 1241 

STEWART MFG. CO., INC., 612 Bloomfield Ave., Bloomfield, N. J 1209 

SUPREME AIR FILTER CO., 126 West 21st St.. New York 11. N. Y 1124 

SWARTWOUT CO., THE, 18511 Euclid Ave., Cleveland 12, Ohio 1189 

T 

TACO HEATERS, INC., 342 Madison Ave., New York 17. N. Y 1299 

TAYLOR FORGE A PIPE WORKS, INC., P.O. Box 485, Chicago 90. Ill 1221 

TAYLOR INSTRUMENT COMPANIES, Rochester 1. N. Y 1242 

THERMOBLOC DIVISION, PRAT-DANIEL CORP., 88 Water St., East Port 

Chester, Conn 1089 

H. A. THRUSH A CO.. Peru, Ind 1300-1301 

TITUS MFG. CORP., 113 East 8th St., Waterloo, Iowa 1212 

TITUSVILLE IRON WORKS CO.. THE, DIV. of STRUTHERS WELLS 

CORP., Titusville, Pa 1276 

TORRINGTON MFG. CO., THE, 50 Franklin St., Torrington, Conn 1172-1173 

TRADE-WIND MOTORFANS, INC., 5725 So. Main St., Los Angeles 37, Calif. . 1171 

TRANE CO., THE, 2021 Cameron Ave., LaCrosse, Wis 1090-1091 

TRION, INC., 1000 Island Ave., McKees Rocks, Pa 1125 

tube turns, INC., Louisville 1, Ky 1222 

TUTTLE A BAILEY, INC., Now Britain, Conn 1210-1211 
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UNITED STATES AIR CONDITIONING CORP.» 3377 Como Ayenue, S.E., 


Minneapolis 14» Minn 1042 

UNITED STATES GAUGE, DIV. of AMERICAN MACHINE ft METALS, INC., 

. Sellersville 44, Pa 1243 

UNITED STATES GYPSUM CO., 300 W. Adams St., Chicago, 111 1368-1309 

UNITED STATES RADIATOR CORP., Detroit 31, Mich 1259-1260 

UNITED STATES REGISTER CO., Battle Creek, Mich 1213 

UNITED STATES STEEL CORP., SUBSIDIARIES, Pittsburgh, Pa 1216 

UTILITY APPLIANCE CORP., (formerly Utility Fan Corp.), 4851 S. Alameda 

St., Los Angeles 11, Calif 1174 


V 

VINCO CO., INC., THE, 305 East 45th St., New York 17, N. Y 1292-1293 

VULCAN RADIATOR CO., THE, 26 Francis Ave., Hartford 6, Conn 1145 

W 

WAGNER ELECTRIC CORP., 6464 Plymouth Ave., St. Louis 14, Mo 1187 

WARREN WEBSTER ft CO., Camden, N. J 1332-1333-1334-1335 

WATER COOLING EQUIPMENT CO., 8613 New Hampshire Ave., Affton Sta., 

St. Louis 23, Mo 1132 

WATERMAN-WATERBURY CO., THE, 1121 Jackson St., N. E., MinneapoUs 

13, Minn 1060-1061 

WEBSTER ENGINEERING CO., THE, 419 W. Second St., Tulsa, Okla 1277 

WEIL-McLAIN CO., 641 W. Lake St., Chicago 6, 111 1261 

WESTERN BLOWER CO., 1800 Aiiport Way, Seattle 4, Wash 1175 

WESTINGHOUSE ELECTRIC COl^., STURTEVANT DIV., Hyde Park, 

Boston 36, Mass 1176-1177-1178-1179-1180-1181-1182-1183 

WHITE-RODGERS ELECTRIC CO., 1209 Cass Ave., St. Louis 6, Mo 1244 

WILLIAMS OIL-O-MATIC DIV., EUREKA WILLIAMS CORP., Bloomington, 

lU 1290 

GRANT WILSON, INC., 141 W. Jackson Blvd., Chicago 4, 111 1342 

L. J. WING MFG. CO., 59 Seventh Ave., New York 11, N. Y 1093-1094-1095 

WOOD CONVERSION CO., Dept. 220-9, First National Bank Bldg., St. Paid 

1, Minn 1370 

WORTHINGTON PUMP ft MACHINERY CORP., Air Conditioning ft Re- 
frigeration Div., Harrison, N. J 1044-1045 


Y 


YARNALL-WARING CO., 133 Mermaid Ave., PhUadelphia 18, Pa 1337 

YORK CORP., York, Pa 1043 

YOUNG RADIATOR CO., Dept. 179, Racine, Wis 1096 

YOUNG REGULATOR CO., m 09 Euclid Ave., Cleveland 3, Ohio 1214 
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ACCUMULATORS 
CondenBor Service A Engineering 
Co., Inc., 1187 
Foster Wheelw Corp., 1127 
Frick Co., Inc., 1148 
McQuay, Inc» 1082-1083 
Pan-L’Heat Corp., 1208 
Worthington Pump A Machinery 
Corp., 1044-1046 

ADSORBERS, Odor 
W. B. Connor Engineering Corp., 
1110-1113, 1100-1197 


AIR CLEANING EQUIPMENT 
(Sss also FilUrtt Air) 

Air Devices, Inc., 1104, 1102 
Air Filter Corp., 1105 
Air-Mase Corp.. The. 1100-1107 
Air A Refrigeration Corp., 1027 
American Air Filter Co., Ino., 1108- 
1100 

American Moistening Co^ 1133 
Continental Air Filters, Inc., 1114 
Crane Co., 1260-1261 
Dollinger Corp. (formerly Staynevr 
FUter Coro.), 1116-1117 
Farr Co , 1116 
Etablisa^ents Neu, 1203 
Owena-Corning Fiberglas Corp., 
1118-1110 

J. F. Pritchard A Co., 1181 
Ras^eon Mfg. Co., 1120 
Research Proaucts Corp., 1121 
Supreme Air Filter Co., 1124 
Tnon, Ino., 1126 

Westinghouse Electric Corp., Stur- 
tevant Div., 1176-1188 


AIR COMPRESSORS (See Com- 
prmaora. Air) 


AIR CONDITIONING COILS 
Acme Industries, Inc., 1136 
Aerofin Corp., 1189-1141 
AirthermMfg.Co.,1063 
BeU A Gossett Co., 1206-1207 
Carrier Corp., 1032-1038 
Condenser Sorvioe A Engineering 
Co., Inc.. 1137 

Curtis Refrigerating Machine Div. 

of Curtis Mfg. Co., 1147 
General Electric Co., (Bloomfirid, 
N. J.), 1086-1037 

Genm Refrigeration Div., Yates- 
American Mch. (Do., 1086 
Hastings Air Conditioning Co., 
Inc., 1038 

Kennard Corp., 1080 
Mario (DoU Co., 1140 
MoQuay. Ino., 1082-1088 
Modine Mfg. Co., 1084-1085 
John J. NeA>itt, Ino., 1088 
Niagara Blower Co., 1080 
Re^Eeration Economioa Co., Ino., 


Trane Com The,1090-1001 
United States Air Conditioning 
Corp.(1042 ^ 

Vulcan Radiator Co., 1146 
Westinghouse Electric Corp., Stur> 
tevant Div., 1170-1183 
Worthington Pump A Machinery 
Corp.. 1044-1046 
Young Radiator Co., 1006 

AIR CONDITIONING COM- 
PRESSION EQUIPMENT 
Airtemp Div., Chrysler Corp., 
1054-1066 

Baker Refrigeration Corp., 1146 
Carrier Corp., 1032-1033 
Curtis Refrigerating Div., of Curtis 
Mfg. Co.. 1147 
Frick Co., Ino., 1148 
General Electric Co.» (Bloomfield, 
N.J.). 1036-1037 
Servel. Inc. J160 
Trane Co., The, 1000-1001 
York Corp.. 1043 


AIR CONDITIONING CON- 
TROLS (See ConirMvro and Con- 
trol Equipnuni, Humidity and 
Tomporatur* ContrdU) 


AIR CONDITIONING REGIS- 
TERS AND GRILLS (See 
ChriUot, Regieiere) 


AIR CONDITIONING UNITS 
Air A Refrigeratimi Corp., 1027 
Airtemp, Div. Chiyaler Corp., 1064- 
1056 

American Blower Corp., 1028-1029 
American Radiator A Standard 
Sanitary (Doro., 1246-1247 
Bahnson Co., The, 1080-1031 
Baker Refrigeration Corp., 1146 
BeU A Gossett Ck>.. 1206-1297 
Buffalo Forge Co., 1166 
Carrier Corp., 103^1033 
Glarage Fan Co., 1034 
Curtis Refrigerating Machine, Div. 

of Curtis Mfg. Ck»., 1147 
Dravo Corp., 1068-1000 
Fair Co., 1115 
Fedders-Quim Corp., 1076 
FitaribbonsBoiler Co., Ine., 1866- 

General Electric Co. (Bloomfield, 
N. J.). 1086-1087 

General Refrigeration Div., Yates- 
American Mch. Co.. 1086 
Hastings Air Conditioning Co., 
Inc. 1088 

Hg Electrie Ventilating Co., 1078, 
1168 

Jaden Mfg. Co» 1079 
S. T. Johnson Co.. 1284-1286 
Kennard Corp,, 1080 
MarloCoUCDo.. 1149 


MoQuay, Inc., 1082-1088 
Me 3 W Furnace Co., 1066-1067 
M(rime Mfg. Co., 1084-1086 
L. J. Mueller Furnace Co., 1058-1060 
D. J. Murray Mfg. Co., 1(181 
John J. Neroitt,lno., 1088 
Niagm Blower Co.. 1030 
Petroleum Heat A Power Co., 
1286-1287 

R^geration Economics Co., Ine., 

Servel, Ine., 1160 
Irime Co., The, 1000-1001 
United States Air Conditioning 
Corp., 1042 

Waterman-Waterbuxy Co., The, 
1060-1061 

Western Blower (Do., 1176 
Westinghouse Electric Corp., Stur- 
tevant Div^ 1176-1183 
WillUuns-Oil-O-Matic Div., Eureka 
Williams Cm., 1200 
Worthington Pump A Machinery 
Corp., 1044-1046 
York Corp., 1048 
Young Raptor Co., 1006 


AIR COOLING, HUMIDIFY- 
ING AND DEHUMIDIFYING 
APPARATUS 
Aerofin Corp., 1180-1141 
Air A Refrigeration Corp., 1027 
American Moistening (Do., 1138 
Buffalo Forge Co., 1166 
Carrier Corp., 103^10B8 
Clarsge Fan Co-, 1034 
Dry-Air Products Corp., 1074 
Farr (Do., 1116 
Frick Co., Inc., 1148 
General Electric (^. (Bloomfirid, 
N.J.). 1036-1087 
Kennard (Dorp., 1080 
Mario (DoU Co., 1149 
Modine Mfg. (Do., 1084-1086 
D. J. Murray Mfg Co., 1081 
John J. N^tt, Inc., 1088 
Etablisiements Neu, 1203 
Niagara Blower (Do., 1089 
Parks-Cramer (Do., 1040 
J. F. Pritchard A Co., 1181 
Trane (Do., The, 1090-1001 
Unit^ States Air (Dond*g. Corp., 
1042 


tevant Div.. 1176-1188 
York Corp., 1(M8 


AIR DIFFUSERS AND VENTI- 
LATORS. FLOOR AND WALL 
Air Devices, Ino., 1104, 1102 
Aladdin Heating Corp., 1162 
Anemostat Corp. of America, 1106- 
1101 

Barber-Colman Co., 1104 
W. B. Connor Enmneering Corp., 
1110-1118, 1100-1107 
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Charles Demuth & Sons, Inc., 1196 
Independent Register Co., The, 
1202 

Minneapolis-Honeywell Regulator 
Co.. 1236-1237 

Pyle-National Co., The, Multi- Vent 
Div., 1204-1205 

Register A Grille Mfg. Co., Inc., 1206 
Standard Stamping A Perforating 
Co., 1208 

Titus Mfg. Corp., 1212 
Tuttle A Bailey. Ino., 1210-1211 


AIR DUCTS (See Duets) 


AIR ELIMINATORS 

V. D. Anderson Co., The, 1310-1811 
C. A. Dunham Co., 1316-1320 
Illinois Engineering Co., 1326-1327 
Jas. P. Marsh Corp., 1328-1329 
Sarco Co., Inc., 1330-1331 


AIR FILTER GAGE 
Air Devices, Inc., 1104, 1102 
Owens-Coming Fiberglas Corp., 
1118-1119 

Research Products Corp., 1121 


AIR FILTERS (See Filters, Air; 
Air Cleaning Equipment) 


AIR MEASURING INDIGAT- 
ING AND RECORDING IN- 
STRUMENTS 

Anemostat Corp. of America, 1190- 
1191 

Illinois Testing Laboratones, Ino., 
1231 

Minneapolis-Honeywell Regulator 
Co., 1236-1237 
Etablissements Neu, 1203 
Parks-Cramcr Co., 1040 
Powers Regulator Co., The, 1239 
Taylor Instrument Co’s., 1242 


AIR MOISTENING APPARA- 
TUS (See Humidifiers) 


AIR PURIFYING APPARATUS 

Air Filter Corp., 1105 
Air A Refrigeration Corp., 1027 
W. B. Connor Engineering Corp., 
1110-1113, 1196-1197 
Dry- Air Products Corp., 1074 
National Radiator Co., The, 1254- 
1265 

J. F. Pritchard A Co. (Puridryer 
Dept.), 1131 

Raytheon Mfg. Co., 1120 
Trion, Inc., 1126 


AIR RECEIVERS (See Receivers, 
Air) 


AIR RECOVERY, Method of 
W. B. Connor Engineering Corp., 
1110-1113, 1190-1197 


AIR TRAPS (See Traps Air) 


AIR TUBING, Flexible Metal 

(See Tubing, Flexible Metallic) 


AIR VELOCITY METERS (See 
Meters) 


AIR WASHERS 
Air A Refrigeration Corp., 1027 
American Blower Corp., 1028-1029 
Bahnson Co., The, 1030-1031 
Bayley Blower Co., 1154 
Bisnop A Babcock Mfg. Co., The, 
(Massachusetts Blower Div.), 1155 
Buffalo Forge Co., 1156 
E. K. Campbell Heating Co., 1065 
Carrier Corp., 1032-1033 
Clarage Fan Co., 1034 
Continental Air Filters, Inc., 1114 
Mario Coil Co., 1149 
D.J. Murray Mfg. Co., 1081 
National Radiator Co., The, 1254- 
1255 

New York Blower Co., The, 1168 
Niagara Blower Co., 1039 
Trane Co., The, 1090-1091 
United States Air Conditioning 
Corp., 1042 

Western Blower Co., 1175 
Westinghouse Electric Corp., Stur- 
tevant Div., 1170-1183 


ALARMS. Water Level 
McDonnell A Miller, Inc., 1294- 
1295 

Photoswitch, Inc., (Affiliate of 
Combustion Control Corp.), 1073 
Yarnall-WaringCo., 1337 


ALUMINUM FOIL. Insulation 
Lockport Cotton Batting Co., 1365 
Reflectal Corp., 1373 
Silvercote Prroucto, Inc., 1374-1375 


ALUMINUM FOIL VAPOR 
BARRIER (See Aluminum Foil) 


AMMONIA COILS (See CoHs, 
Ammonia) 


ANCHORS, Pipe 
Grinnell Co., Inc., 1077, 1218-1219 
11. W. Porter A Co., Inc., 1344 
Ric-wiL Co., The, 1345 


ANEMOMETERS 
Illinois Testing Laboratories, Inc., 
1231 

ASBESTOS PRODUCTS (See 
Insulation) 

Celotex Corp., The, 1355 
Johns-Manville, 1360-1361 
H. W. Porter A Co., Inc., 1344 
Grant Wilson, Inc., 1342 


ATOMIZING SPRAY NOZZLES 
(See Spray Nossles) 


ATTIC FAN COOLERS (See 
Fans, Attic; Ventilators, Attic) 


AUTOMATIC FUEL BURNING 
EQUIPMENT (See Burners, Au- 
tomatic;Oiu Burners; OH Burners; 
Stokers) 


AUTOMATIC SHUTTERS (See 
Shutters, Automatic) 


AXIAL FLOW FANS (See Fans, 
Axial Flow) 


BASEBOARD HEATING 
American Radiator A Standard 
Sanitary Corp., 1240-1247 
Burnham Corp., 1249 
Crane Co., 1260-1251 
C. A. Dunham Co., 1316-1320 
Rheem Mfg. Co., 1143 
H. B. Smith Co., Inc., The, 1253 
United States Radiator Corp., 1259- 
1260 

Vulcan Radiator Co» The, 1145 
Warren Webster A Co., 1332-1335 


BELLOWS 

Chicago Metal Hose Co., 1102, 1217 


BENDS, Pipe. Ferrous and Non- 
Ferrous 

Eagle-Picher Co., The, 1357 
Grinnell Co., Inc., 1077, 1210-1219 
Arthur Harris A Co., 1220 


BENDS (See Pipe, Returns) 


BLOCKS, Asbestos 

Philip Carey Mfg. Co., The, 1340- 
1341 

Grant Wilson, Inc., 1342 


BLOCKS, Glass 

American Structural Products Co., 
1348 

Pittsburgh Coming Corp., 1350-1351 


BLOCKS. Mineral Wool 
BaJdwin-Hill Co., 1353 
Owens-Corning Fiberglas Corp., 
1118-1119 


BLOWER HOUSINGS 
Bishop A Babcock Mfg. Co., The, 
(Massachusetts Blower Div.), 1155 
Champion Blower A Forge Co., 1158 
Lau Blower Co., The, 1166 
Meyer Furnace Co., The, 1056-1057 
Bchwitzer-Cummins Co., 1170 
United States Air Conditioning 
Corp., 1042 

Westinghouse Electric Corp., Stur- 
tevant Div., 1176-1183 


BLOWER MOTORS (See Motors, 
Electric) 


BLOWERS. Gentrifuftal 

(See Fans) 


BLOWERS, Fan (See Fans, Sup 
ply and Exhaust) 


BLOWERS, Forced Draft 
Aladdin Heating Corp., 1152 
American Blower Corp., 1028-1029 
American Coolair Corp., 1153 
Bayley Blower Co., 1154 
Bishop A Babcock Mfg. Co., The, 
Massachusetts Blower Div., 1155 
Buffalo Forge Co., 1156 
Burden Co., 1167 

Champion Blower A Forge Co., 
1168 

Clarage Fan Co., 1034 
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General Blower Co., 1161 
Ilg Electric Ventilating Co., 1078, 
1163 

Herman Nelson Corp., The, 1086- 
1087 

New York Blower Co., The, 1168 
Pacific Steel Boiler Div., U. S. 

Radiator Corp^., 1268 
Thermobloc Div., Prat>Daniel 
Corp., 1080 

Westinghouse Electric Corp., Stur- 
tevant Div., 1176-1183 
L. J. Wing Mfg. Co., 1093-1005 


BLOWERS, Heating and Venti- 
lating 

Air Controli^ Inc., Div. of The 
Cleveland Heater Co., 1151 
Aladdin Heating Corp., 1152 
American Blower Corp., 1028-1029 
American Coolair Corp., 1153 
American Foundry A Furnace Co., 
1048-1049 

Automatic Gas Equipment Co., 
1072 

Bayley Blower Co., 1154 
Bishop A Babcock Mfg. Co., The, 
(Massachusetts Blower Div.), 1155 
Buffalo Forge Co., 1156 
Burden Co., 1157 

Campbell Heating Co., 1052-1053, 
1064 

E. K, Camj^ll Heating Co., 1065 
Champion Blower A Forge Co., 
1158 

Clarage Fan Co., 1034 
C. A. Dunham Co., 1316-1320 
General Blower Co., 1161 
Ilg Electric Ventilating Co., 1078, 
1163 

Jaden Mfg. Co., 1079 
Lau Blower Co., The, 1166 
Meyer Furnace Co., The, 1056-1057 
Morrison Products, Inc., 1167 
L. J. Mueller Furnace Co., 1058-1059 
Herman Nelson Corp., The, 1080- 
1087 

New York Blower Co., The, 1168 
Niagara Blower Co., 1039 
Schwitser-Cummins Co., 1170 
Torrington Mfg. Co., The, 1172-1173 
Trade-Wind Motorfans, Inc., 1171 
Trane Co., The, 109(^1091 
United States Air Conditioning 
Corp., 1042 

Utility Ap^pliance Corp., (formerly 
Utility Fan Corp.), 1174 
Western Blower Co., 1175 
Westinghouse Electric Corp., Stur- 
tevant Div., 1176-1183 
L. J. Wing Mfg. Co., 1093-1095 


BLOWERS, Pressure 

American Coolair Corp., 1153 
Bayley Blower Co., 1154 
Burden Co., 1157 

Champion Blower A Forge Co., 1158 
CUu-age Fan Co., 1034 
General Blower Co., 1161 
Ilg Electric Ventilating Co., 1078, 
1163 

Ingersoll-Rand, 1308 
United States Air Conditioning 
Corp.. 1042 

Westinghouse Electric Corp., Stur- 
tevant Div., 1176-1183 


BLOWERS, Warm Air Furnace 

Air Controls, Inc. Div. of The 
Cleveland Heater Co., 1151 
Aladdin Heating Corp^ 1152 
American Foundry A Furnace Co., 
1048-1049 

Bishop A Babcock Mfg. Co., The 
(Massachusetts Blower Div.), 1155 
Buffalo Forge Co., 1156 
Burden Co., 1157 

Campbell Heating Co., 1052-1053, 
1064 

Champion Blower A Forge Co., 
1158 

General Blower Co., 1161 
Lau Blower Co.. Th^ll66 
Meyer Furnace Co., The, 1056-1057 
Morrison Products, Inc., 1167 
L. J. Mueller Furnace Co., 1058-1059 
Rheem Mfg. Co., 1062 
Schwitser-Cummins Co., 1170 
Utility Appliance Corp., (formerly 
Utility Fan Corp.), 1174 
L. J. wing Mfg. Co., 1093-1095 


BOILER-BURNER 

Air Devices, Inc., 1104, 1192 
Aldrich Co.. 1245 
Automatic Burner Corp., 1279 
Bryan Steam Corp., 1248 
Fitsgibbons Boiler Co., Inc., 1266- 
1267 

General Electric Co. (Bloomfield, 
N. J.), 1036-1037 
Hook A Ackerman, 1252 
S. T. Johnson Co., 1284-1285 
Mt. Hawl^ Mfg. Co., 1275 
National Radiator Co., The, 1254- 
1255 

Petroleum Heat A Power Co., 
1286-1287 


BOILER COMPOUNDS (See 
Compounds^ Boiler) 


BOILER COVERING (See Caver- 
ing^ Pipe and Surfaces) 


BOILER FEED PUMPS (See 
Pumps, Boiler Feed) 


BOILER FEEDERS (See Feeders, 
Boiler) 


BOILER GRATES (See Grates or 
Boilers) 


BOILER WATER FIELD KIT, 
for Testing and Treating 
Vinco Co., Inc., The, 1292-1293 


BOILER WATER TREATMENT 
Vinco Co., Inc., The, 1292-1293 


BOILERS, Cast-Iron 
Bryan Steam Corp., 1248 
Burnham Corp., 

Crane Co., 1250-1251 
Hook A Ackerman, 1252 
National Radiator Co., The, 1254- 
1255 

Petroleum Heat A Power (Ik>., 
1286-1287 


BOILERS, Down Draft 
Farrar A Trefts, Ino., 1268 
Kewanee Boiler Corp., 127(^1273 
Pacific Steel Div., U. S. Radiator 
Corp., 1258 


TOILERS, Gas Fired 
American Radiator A Standard 
Sanitaiy Corp., 1246-1247 
Bigelow Co., The. 1263 
Bryan Steam Corp., 1248 
Burnham Corp., 1249 
Condenser Service A Engineering 
Co., Inc., 1137 
Crane Co., 1250-1251 
Cyclotherm Corp., 1280 
Farrar A Trefts, Inc., 1268 
Fitsgibbons Boiler Co., Inc., 1266- 
1267 

General Electric Co. (Bloomfield, 
N. J.), 1036-1037 
Hook A Ackerman, 1252 
International Boiler Works Co., 
1269 

Kewanee Boiler Corp., 1270-1273 
Mt. Hawley Mfg. Co., 1275 
L. J. Mueller Furnace Co., 1058-1059 
National Radiator Co., The, 1254- 
1255 

Pacific Steel Boiler Div., U. 8. 

Radiator Corp , 1258 
Titusville Iron Works Co., The 
(Div. of Struthers Wells Corp.), 
1276 

United States Radiator Corp., 1259- 
1260 

Weil-McLain Co., 1261 


BOILERS, Heating 

Aldrich Co., 1245 

American Radiator A Standard 
Sanitary Corp., 1246-1247 
Babcock A Wilcox Co., The, 1262 
Bigelow Co., The, 1263 
Brownell Co., The, 1264 
Bryan Steam Corp., 1248 
Burnham Corp., 1249 
Condenser Service A Engineering 
Co., Inc., 1137 
Crane Co., 1250-1251 
Cyclotherm Corp., 1280 
Farrar A Trefts, Inc., 1268 
Fitzgibbons Boiler Co., Inc., 1266- 
1267 

Hook A Ackerman, 1252 
International Boiler Works Co., 
The, 1269 

Johnston Bros, Inc., 1274 
Kewanee Boiler Corp., 1270-1273 
Mt. Hawley Mfg. Co., 1275 
L J. Mueller Furnace Co., 1058-1059 
National Radiator Co., The, 1254- 
1255 

Petroleum Heat A Power Co., 
1286-1287 

H. B. Smith Co., Inc., The, 1253 
Spencer Heater Div., The Avco 
Mfg. Corp., 1256-1257 
Titusville Iron Works Co- The 
(Div. of Struthers Wells Corp.), 
1276 

United States Radiator Corp., 1259- 
1260 

Weil-McLainCo., 1261 


BOILERS, Magazine Feed 
Farrar A Trefts, Inc., 1268 
Spencer Heater Div., The Avco 
Mfg. Corp., 1256-1257 


BLOWERS, Turbine 

Western Blower Co., 1175 
Westinghouse Electric Corp., Stur- 
tevant Div., 1176-1183 
L. J. Wing Mfg. Co., 1093-1095 


H. B. Smith Co., Inc., The, 1253 
Spencer Heater Div., The Avco 
Mfg. Corp., 1256-1257 
United States Radiator Corp., 
1259-1260 

WeU-McLain Co., 1261 


BOILERS. Oil Burning 
Air Devices, Inc., 1104, 1192 
Airtemp Div., Chrysler Corp., 1054- 
1055 
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A1dridiCo.tlS49 

Amtrinn MUatar St Btudvd 
Suitery Coro., 19M-1247 
Baboook Sc Wifin Co., Tho, ISO 
Biieloir Co., The, 1281 
Bryan Steam Coro., 1248 
Burnham Corp., 1249 
Condenaer Semoa St Engmaaring 
Co., Ino., 1187 
Crane Co., 1250-1261 
Cyolothenn Corp^ 1280 
Fiirar Sc Trefte. ino., 1288 
Fitefl^bbone Boiler Co., Ino., 1280- 

Qeneral Electric Co. (Bloomfidd, 
N. J.). 1080-1087 

Internatbnal Boiler Worka Co., 
The. 1288 

Johneton Broe., Ino., 1274 
Kewanea Boilar Corp.. 1270-1278 
Mt.HawlnrMfg.Co.,1275 
Natio^ Radiator Co., The, 1264- 
1266 

Paoifie Sted Boiler Diy., U. 8. 

Radiator Corp., 1258 
Petroleum Heat Sc Power Co., 
1288-1287 

H. B. Smith Co., Ino., The, 1268 
Spencer Heater Div.. The Avoo 
liSrCorp., 1260-1267 
Titueville iron Worka Co., The 
(Diy. of Struthere Wella Carp.), 
1270 

Unit^ Stater Radiator Corp., 1269- 
1260 

WeU-MoLain Co., 1281 


BOILBRS, Steel 
Bigdow Co., The, 1268 
Brownell Co., The, 1284 
Bryan Steam Corp., 1248 
Burnham Corp., 1249 
Combuetion Engineering-Super- 
heater, Inc., 1266 

Condenaer Service Sc Engineeting 
Co.. Inc., 1187 
Cydotherm Corp^ 1280 
Fanar Sc Trefte. mo., 1268 
Fitagibbona Boiler Co., Inc., 1260- 
1267 

International Boiler Worka Co., 

Jo^StonBroo., Ino., 1274 
Eewanee Boiler Corp., 1270-1278 
National Radiator Co., The, 1264- 
1266 

Pacific Sted Boiler Div., U. S. 

Radiator Corp., 1268 
Petroleum Heat Sc Power Co., 
1288-1287 ^ 

Spencer Heater Div., The Avoo 


Spencer Heater Lnv., 
wg. Corn., 1266-1257 
Tituaville iron Worka 


Titua^e iron Worka Co., The 
(Div. of Struthera Wdla Corp.), 
1270 


Internatmnal Boiler Worka Co., 
The, 1289 

.H. B. Smith Co., Inc. Th^ 1268 
Tituaville Iron Worka CO;, The 
(Div. of Struthera Wdla Corp.), 
1276 

BRACKETS, Radiator 
Car^ A Moore Engineering Co., 

Grinndl Co., Inc., 1077, 1218-1219 
United Statea Radiator Corp., 
1269-1260 

Wdl-McLain Co., 1261 

BREECHINGS 

Bigdow Co., The, 1268 
Browndl Co., The, 1204 
Farrar Sb TreftajJno., 1268 
Thennobloo Div., Prat-Danid 
Corp., 1089 


CEMENT, Inaulatfng 
Baldwin-HiU Co., 1888 
P^p Carey Mfg., Co., The, 1840- 

Eagle-Picher Co.. The, 1867 
Johna-Manville, 1860-1861 
Grant Wilron, Inc., 1842 


BURNERS. Automatic 

S. T. Johnaon Co., 1284-1286 
JohnatOQ Braa., Inc., 1274 
Rheem Mfg. Co., 1()^ 

Burnera, Combination Gaa and 
Oil 

Baboook St Wilcox Co., The, 1262 
Combuetion Engineering-Super- 
heater, Inc^ 1266 

Combuetion Equipment Div., Todd 
Shipyarde Corp., 1281 
Enterpriae Engine Sc Foundry Co., 
Burner Div., 1282 
8. T. Johnaon Co.. 1284-1286 
Webater Eni^eermg Co., The, 1277 


BURNERS, Gaa (See Gas Bvmert) 

BURNERS. OU (See Oil Burners) 

BUSHINGS. Fleiible 
Buahinga, Ino., 1864 

CALKING, BuUding 

PhiUp Carey Mfg. Co., The, 1340- 

CARBON. Actlfated 

W. B. Connor Engineering Corp., 
1110-1118, 1196-1197 


CEMENT, Mineral Wool 

Baldwin- Hill Co., 1868 

Ph^^ Carey Mfg. Co., The, 1340- 

Eagle-Pieher Co., The, 1357 
Grant Wilaon, Ino., 1342 

CEMENT, Refractory (See Re~ 
fmetoriee) 

CHAIN, Furnace PuUeya (See 
also Pulleys, Chain) 

Hart Sc Cooley Mfg. Co., 1198-1199 
United Statea Regiater Co., 1213 

CHIMNEYS (See Brssehinge) 

CIRCULATORS. Hot Water 
Heating 

Bell Sc Goaaett Co., 1296-1297 
Chicago Pump Co., 1304 
Crane Co.4860-1261 
Domeetie Engine Sc Pump Co., 1806 
Hoffman Specialty Co., 1822-1825 
Jaa. P. Marah Corp., 1328-1829 
Minneapolia-Honeywell Regulator 
Co., 1236-1287 
Taco Heaters, Ino., 1299 
H. A. Thruah Sc Co., 1300-1801 
Trane Co.. The, 1090-1091 
United Statea Radiator Corp., 1269- 
1260 

Worthington Pump Sc Machinery 
Corp., 1044-1046 


CASTINGS, Broiue and DaJt, 
NidMl surer Metal 

Sta^&%I^'^keCo.,Tbe, Arthur Harria *Co., 1«0 
1269 

The. CEIUNG PLATES 

(Div. of Struthera Wella Corp.), United Statea Radiator Corp., 
1276 1259-1260 


BOILERS. Water Tube 

Babcock Sc Wilcox Co., The, 1262 
Bigdow Co., The, 1268 
Bryan Steam Cm., 1248 
CombuBtion Endneering-Super- 
heater, Ino., 1266 

Condenaer Service Sc Engineering 
Co., Ine., 1187 


CELLULAR GLASS {8ss Glass, 
Cdlvlar) 


CEMENT. Aebeetoe 

Phm^^ Carey Mfg. Co., The, 1840- 

Grant Wilaon, Inc., 1842 


GLEANERS, Air (Sea Air Cleaning 
Equipment; Fumaes and Boiler) 


COAL BURNERS (Sea Bumara, 
AutomaUe) 


COATINGS. Proteedro 
Philip Carey Mfg. Co., The, 1840- 

E^e-Picher Co.. The, 1367 
Inaul-Mastic Corp. of America, 1364 


COILS, Aluminum 
Aerofin Corn., 1189-1141 
Mario Coil Co., 1149 
McQuay, Ino., 1082-1083 
Niagara Blower Co., 1039 
Trane Co., The, 1090-1091 
United Statea Air Conditioning 
Corp.. 1042 

Weatinghouae Electric Corp., Stur- 
tevant Div., 1176-1183 


COILS. Ammonia 
Acme Induatriea, Ino., 1186 
Aerofin Corp., 1180-1141 
Baker Refrigeration Corp., 1146 
GAO Manufacturing Co., The, 1142 
Eennard Corp., 1080 
Mario Coil Co., 1149 
McQuay. Ino., 1081^-1088 
Modine Mfg. Co.. 1084-1086 
Niagara Blower Co., 1089 
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Reft^wation Boonomloa Ck>H 

TnuM Com Th«, 1000-1001 
UniM StoteB Air Graditioning 
Cknp.. 1042 

Yamall-Wwinc Co., 1887 
York C^., 1048 


COILS, BlMt 
Anofin Coro., 1180-1141 
Airthorm lifg. Co, 1008 
Am«rioui Blower Corp., 1028-1088 
G AOKfg.Co.,The,1148 
Kennard Corp., 1080 
Mario Coil Co., 1140 
MoQuay. InO:, 1082-1088 
Modine Mfg. Go.. 1084-1085 
John J. Naabitt, lnq» 1088 
Now York Blower Co., The, 1108 
Niaim Blower Co., 1080 
Remgeration Eoomnnioa Co., Ino., 
1002 

Rome-Turney Radiator Co., The, 
1148 

Tnne Co« The, 1000-1001 
Unit^ Statea Air Conditioning 
Corp.J042 

Vulcan Radiator Go., The, 1145 
Young Radiator Co., 1000 

COILS, Braaa 
Arthur Harria A Co., 1220 
Mario Coil Co., 1140 
MoQuay. Ino.. 1082-1088 
John J. Neabitt, Ino., 1088 
Tnne Co., The, 1000-1001 


COILS, Pipe and Tube, Non- 
Ferroua 

MoQuay. Ine., 1082-1088 
Muttler Braaa Co., 1100-1101 
Niagara Blower Co., 1080 
Refrigention Eoonomica Co., Ino., 
1002 * 

Rome>Tumey Radiator Co., The, 
1148 

Weatinghouae Eleotrio Corp., Boi 
868, Fitteburgh. 1176-1183 


COILS, Cooling 
Aarofin Corn., 1180-1141 
American Blower Corp., 


American Blower Coro., 1028-1020 
Condenaer Service a Engineering 
Co., Ino., 1187 
Feddm-Quinn Corp., 1076 
0 4k0Mte.^,The,1143 
General Electric Co. (Bloomfidd, 
N. J.h 1066-1087 
Arthur Hf^ A Co., 1220 
Haatingi Air Conditioning Co., 
Ino., 1088 

Kennm Corp., 1080 
Mario Coil Co.. 1140 
MoQuay Ino., 1082-1088 
Mediae Mfg. Co:, 1084-1085 
John J. Naabitt, In^ 1088 
New York Blower The, 1168 
Niaim Blower Co., 1088 
Refngention Economioa Co., Ino., 
1002 

Rome-Turney Radiator Go., The, 
1148 

Tnne Co., The, 1000-1001 
Unit^ Statea Ahr Conditioning 
Corp., 1042 

Weatinghouae Eleotrie Corp., Stur- 
tevant Div., 1176-1188 
Young Radiator Co., 1006 


COILS, Pipe, Copper 
Arthur Harria A Co.. 1220 
MueUar Braaa Co., ll&hllOl 
Niagara Blower Co., 1080 
United ^tea Air C^ditionlng 
Corp., 1042 

COILS, Pipe, Iron 
Aome Induatriea, Ine., 1186 
Bayley Blower Co., 1154 
Niagara Blower Co., 1080 
Weatinghouae Bleotrio Corp., Stur- 
tevantDiv.J176-1188 
Worthington Pump A Machinery 
Corp., 1044-1045 


COILS, Stalnleaa Stedl 
Arthur Harria A Co., 1220 
Mario Coil Co., 1140 
MoQuay Jno., 1082-1088 
Niagara Blower Co., 1030 
Trane Co., The, 1000-1001 

COILS, Tank 
Bell A Goaaett Co., 1206-1207 
Taoo Heatera, Ino., 1200 
Weatem Blower Co., 1175 

COMBUSTION CHAMBERS 
National Radiator Co., The, 1254- 
1255 


COMPOUNDS, Boiler 
Vinoo Co., Ino., The, 1202-1208 

COMPOUNDS, Boiler and Radi- 
ator Sealing 

Vinoo Co., Ino., The, 1202-1208 

GOBfPOUNDS. Soot Deetroyer 
Vinoo Co., Ino., The 1202-1208 


COMPRESSOR MOTORS (See 
Motere, Eleebrie) 


Baker Refrigeration Corp., 1146 
Bell A Goaaett Co., 1206-1M7 
Buffalo Forge Co., 1156 
Carrier Corp., 1082-1088 
Condenaer Servioe A Engineering 
Co., Ine.. 1187 

Curtia Retrigerating Machine Div. 
*of Curtia Mfg. Co., 1147 
Farrar A Trefta, Ino., 1268 
Feddera-Quigaa Corp., 1076 
Footer Whe^Corp.. 1127 
Fnek Co.. 1148 
G AO M^. Go., The, 1142 
General Eleotrie Co., (Bloomfield, 
N.J.), 1036-1087 
Arthur Harria A Co., 1220 
Kennard Corp., 1080 
Mario Coil Co., 1140 
MoQuay, Ino.. 10^1088 
National RMiator Co., The, 1254- 
1255 

Niagara Blower Co., 1080 
Pattemon-Kelley Co., The, 1138 
J . F. Pritohi^ A Co., 1131 
Refrigeration Eoonomioe Co., Inc., 
1002 

Rome-Turney Radiator Co., The, 
1148 

Tituaville Iron Worka Co., The, 
(Div. of Struthera Welle Corp.), 
1276 

Trane Co^ The, 1000-1001 
United Statea Air Conditioning 
O^., 1042 

Weatin^ouae Eleotrie Corp., Stur- 
tevant Div.J176-1188 
Worthington Pump A Machinery 
Corp., 1044-1045 


CONDUIT, Refrigeration (See 
ffaee. Flexible Metal, and Liquid, 
Oae, Vapor) 


CONDUITS, Underground Fit- 
tinge 

Rio-wiL Co., The, 1845 


COMPRESSOR TUBING. Flei- CONDUITS, Underground Pipe 
Ible (See Tubing, Flexible Metal- Durant Inaulated PiM Co., 1848 
lie) H. W. Porter A Co., ine., 1844 

Rio-wiL Co., The, 1845 


COMPRESSORS, Air 
Allia-Chalmeta Mfg. Co., 1046-1047 
Ingeraoll-Rand, 1808 
Joy Mfg. Co., 1164-1165 
Nash Engineering Co., 1306-1807 
Worthington Pump and Machinery 
Corp., 1044-1045 


COMPRESSORS, Refrlgenitlon 
Afaignp Div., Chxyaler Corp., 1054- 

Baker Refrigeration Corp., 1146 

Carrier Corn., 1082-1033 

Curtia Refrigerating Machine Div. 

Curtia Mfg. Co., 1147 
Friok Co., 1148 

General Eleotrie Co. (Bloomfield, 
N. J.), 1082-1087 
Ingenoll-Riuid, 1808 
Trane Co., The. 1000-1001 
Weatinghouae Eleotrio Corp., Stur- 
tevant Div., 1176-1188 
Worthington rump A Machinery 
Corp.. 1044-1045 
York C^., 1048 


CONDENSERS and EVAPORA- 
TORS 

Aome Induatriea, Ine., 1186 


CONTROL, Air Volume Damper 
Air Devioee Ine.. 1104, 1102 
Amerioan Foundry A Furnace Co., 
1048-1040 

Barber-Colman Co., 1104 
W. B. Connor Engineering Corp., 
1110-1118,1106-1107 
Johwn B^oe Co., 1182-1188 
MinneapoUa-Honeywell Regulator 
Co., 1286-1287 

Powera Regulator Co.. The, 1230 
Young Regulator Co., 1214 


CONTROL, Boiler Water Level 
Combuation Control Corp., 1078 
McDonneU A Miller, Ino., 1204-1205 
Merooid Corp., The, 1284 
Penn Eleotrio Switch Co., 1238 
Saroo Co.. Ino., 1880-1881 
Warren Wrinter A Co., 1882-1885 


CONTROL EQUIPMENT, Com- 
buatlon 

Combuation Control Corp., 1078 
Detroit Lubricator Co., Div. of 
Amerioan Radiator A Standard 
Sanitw Corp., 1324-1226i« 
General Controlo, 1226-1^31 


Namerala foUevliig Vaavfiebi ’ Remei refer to yagee tai the Catalog Data Sectlaa 
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IllinoiB Engineering Co., 132&-1827 
Merooid Corp., The, 1234 
Minneapolis-Honeywell Regulator 
Co., 1236-1237 

Penn Electric Switch Co., 1238 
United Statee Radiator Corp., 
1259-1260 

Webster Engineering Co., The, 1277 
White-Rodgers Electric Uo., 1244 
L. J. Wing Mfg. Co.. 1093-1005 


CONTROL EQUIPMENT. Time 
General Controls, 1226-1227 
General Electric Co., (Schenectady, 
N. Y.), 1184-1185 

Minneapolis-Honeywell Regulator 
Co., 1236-1237 

Photoswitch, Inc., (Affiliate of 
Combustion Control Corp.), 1073 
White-Rodgers Electric Co., 1244 


CONTROLLERS AND CON- 
TROL EQUIPMENT (See Hu- 
midity and Temperature Control) 
Alco Valve Co., 1223 
American Moistening Co., 1133 
Barber-Colman Co., 1194 
General Controls, 1226-1227 
Hoffman Specialty Co., 1322-1325 
Illinois Engineering Co., 1326-1327 
Johnson S^vice Co., 1232-1233 
Jas. P. Marsh Corp., 1328-1329 
Minneapolis-Honesrwell Regulator 
Co., 1235-1237 
Parks-Cramer Co., 1040 
Powers Regulator Co., The, 1239 
Taylor Instrument Cos., 1242 
Westinghouse Electric Corp., Box 
868, Pittsburgh, 1175-1183 
White-Rodgers Electric Co., 1244 


CONVECTION HEATERS 

C. A. Dunham Co., 1316-1320 
Modine Mfg. Co., 1084-1085 

D. J. Murray Mfg. Co., 1081 
Rome-Tumey Radiator Co., The, 

1143 

Shaw-Perkins Mfg. Co., 1144 
Trane Co., The, 1090-1091 
Warren Webster & Co., 1332-1335 


CONVECTORS & CONVEC- 
TOR ENCLOSURES 
Airtherm Mfg. Co., 1063 
American Radiator A Standard 
Sanitary Corp., 1246-1247 
Crane Co., 1250-1251 
C. A. Dunham Co., 1316-1320 
Fedders-Quigan Corp., 1076 
Modine Mfg. Co., 1084-1085 
National Radiator Co., 1254-1255 
John J. Nesbitt, Inc., 1088 
Standard Stamping A Perforating 
Co., 1208 

Trane Co.. The, 1090-1001 
Tuttle A Bailey, Inc., 1210-1211 
United States Radiator Corp., 
1259-1260 

Warren Webster A Co., 1332-1335 
Young Radiator Co., 1096 


COOLING EQUIPMENT. Air 
Aerofin Corp., 1130-1141 
Airtemp Div., Chrysler Corp., 1054- 
1055 

Bell & Gossett Co., 1296-1207 
Buffalo Forge Co., 1156 
Carrier Corp., 1032-1033 
DeBothesat Fans Div., American 
Machine & Metals, Inc., 1160 
Farr Co.. 1115 


Fedders-Quigan Corp., 1076 
G 5c O Mfg. Co.. The, 1142 
General Electric Co. (BloomOeld, 
N. J.), 1035-1087 
Joy Mfg. Co., 1164-1165 
Kennard Corp., 1080 
McQuay, Inc., 1082-1083 
Meyer Furnace Co., The, 1056-1057 
L. J. Mueller Furnace Co., 1058- 
1050 

D. J. Murray Mfg. Co., 1081 
Niagara Blower Co., 1089 
Patterson-Kelley Co., The, 1138 
Rome-Tumey Radiator Co., The, 
1143 

Trane Co., The, 1090-1001 
United States Air Conditioning 
Corp., 1042 

Utility Appliance Corp., (formerly 
Utility Fan Corp.), 1174 
Westinghouse Electric Corp., Stur- 
tevant Div., 1176-1183 
Worthington Pump & Machinery 
Corp., 1044-1045 
York Corp., 1043 


COOLING EQUIPMENT, Oil 

Aerofin Corp., 1139-1141 
Bell & Gossett Co.. 1296-1297 
Condenser Service A Engineering 
Co., Inc., 1137 
Mario Coil Co., 1149 
New York Blower Co., The, 1168 
Niagara Blower Co., 1039 
Patterson-Kelley Co., The, 1138 
Refrigeration Economics Ck)., Inc., 
1092 

Rome-Turney Radiator Co., 1143 
Trane Co., The, 1000-1091 


COOLING EQUIPMENT, Water 

(See also Water Cooting) 

Acme Industries, Inc., 1136 
Aerofin Corp., 1139-1141 
Airtemp Div., Chrysler Corp., 1064- 
1055 

Baker Refrigeration Corp., 1146 
Bell & Gosset Co., 1296-1297 
Sinks Mfg. Co., 1128-1129 
Carrier Corp., 1032-1033 
DeBothezat Fans Div., American 
Machine & Metals, Inc., 1160 
Fedders-Quigan Corp., 1076 
Hastings Air Conditioning Co., Inc. 
1038 

Kennard Corp., 1080 
Mario Coil Co., 1149 
McQuay, Inc., 1082-1083 
Modine Mfg. Co., 1084-1085 
John J. Nesbitt, Inc., 1088 
New York Blower Co., The, 1168 
Niagara Blower Co., 1039 
Patterson-Kelley Co., The, 1138 
J. F. Pritchard A Co., 1131 
Refrigeration Economics Co., Inc., 
1092 

Trane Co., The, 1090-1091 
United States Air Conditioning 
Corp^ 1042 

Water Cooling Equipment Co., 1132 
Yamall- Waring Co., 1337 
York Corp., 1043 


COOLING TOWER FANS 

Champion Blower A Forge Co., 
1158 

DeBothezat Fans Div., American 
Machine & Metals, Inc., 1160 
Marley Co., Inc.. The, 11^ 

J. F. Pritchard & Co., 1131 
Westinghouse Electric Corp., Stur- 
tevant Div., 1175-1183 


COOLING TOWERS, Atmoa- 

f heric. Mechanical Draft, 
orced Draft, Induced Draft 
(See also Coding Eguipmenf, 
Water) 

Air A Refrinsration Corp., 1027 
Sinks Mfg. Co., 1128-1129 
Curtis Refrigerating Machine Div. 

of Curtis Mfg. Co., 1147 
Foster Wheeler Corp., 1127 
Kennard Coro., 1080 
Marley Co.. Inc., The, 1130 
Mario Coil Co., 1149 
D. J. Murray Mfg. Co., 1081 
Patterson-Kelley Co., The, 1138 
J. F. Pritchard & Co., 1131 
Trane Co., The, 1090-1091 
Vulcan Radiator Co., The, 1145 
Water Cooling Equipment Co., 1132 
Westinghouse Electric Corp., Stur- 
tevant Div., 1176-1183 
Young Radiator Co., 1096 


CORK PRODUCTS 

(See Insulation) 
Mundet Cork Corp., 1366 


CORROSION, Treatment of 
Insul-Mastic Corp. of America, 
1364 

H. W. Porter A Co., Inc., 1344 
Ric-wiL Co., The, 1345 
Vinco Co., Inc., The, 1292-1293 


COUPLINGS, Flexible Rubber 
Bushings, Inc., 1354 


COVERING, Pipe and Surface 
Armstrong Cork Co., 1352 
Baldwin-Hill Co., 1353 
Philip Carey Mfg. Co., The, 1340- 
1341 

Durant Insulated Pipe Co., 1343 
Eagle-Picher Co., The, 1357 
Infra Insulation, Inc., 1372 
Insul-Mastic Corp. of America, 
1364 

Johns-Mansville, 1360-1361 
Kimberly Clark Corp., 1362-1363 
Mundet Cork Corp., 1366 
Owens-Coming Fiberglas Corp., 
1118-1119 

Pittsburgh Coming Corp., 1350- 
1351 

H. W. Porter A Co., Inc., 1344 
Reflectal Corp.. 1373 
Ric-wiL Co., The, 1345 
Grant Wilson, Inc., 1342 


CUT-OFFS, Low Water 
General Controls, 1226-1227 
McDonnell A Miller, Inc., 1204- 
1295 

Minneapolis-Honeywell Regulator 
Co., 1236-1237 

Warren Webster A Co., 1332-1335 


DAMPER REGULATOR SETS 
Hart & Cooley Mfg. Co., 1108-1199 
Minneapolis-Honeywell Regulator 
Co., 1236-1237 

Tuttle 5e Bailey, Inc., 1210-1211 
Young Regulator Co., 1214 


DAMPER REGULATORS, 
Boiler (See Regulators) 

Detroit Lubricator Co., Div. of 
American Radiator A Standard 
Sanitary Corp., 1224-1225 
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MinnaapoliS'Honeywell Regulator 
Co., 1286-1237 

^enoe Engineering Co., Inc., 1240 
Trane Co., The, 1090-1091 


DAMPER REGULATORS, Fur- 
nace 

General Controls, 1226-1227 
Minneapolis-Honeywell Regulator 
Co., 1236-1237 

United States Register Co., 1213 
Young Regulator Co., 1214 


DAMPERS, Air Volume Control 
Air Devices, Inc., 1104, 1102 
American Foundry & Furnace Co., 
1048-1049 

Anemostat Corp. of America, 1190- 
1191 

Bahnson Co.. The, 1030-1031 
Barber-Colman Co., 1104 
W. B. Connor Engineering Corp., 
1110-1113, 1196-1197 
Hendrick Mfg. Co., 1200-1201 
Minneapolis-Honeywell Regulator 
Co.. 1230-1237 

Powers Regulator Co., The, 1230 
Thermobloc Div., Prat-Daniel 
Corp., 1089 

Tuttle & Bailey, Inc., 1210-1211 
United States Register Co., 1213 
Young Regulator Co., 1214 


DAMPERS, Back Draft (See 
Dampers, Air Volume Control) 


DAMPERS, Flue 
Thermobloc Div., Prat-Daniel 
Corp., 1089 


DAMPERS, Mechanical 
Johnson Service Co., 1232-1233 
Minneapolis-Honeywell Regulator 
Co., 1230-1237 

Powers Regulator Co., The, 1239 
Young Regulator Co., 1214 


DEFLECTION GRILLE (See 
OriUea, Registers and Ornamental 
Metal Work, also Louvers, Regis- 
ters) 

Hendrick Mfg. Co., 1200-1201 


DEHUMIDIFIERS 
Air & Refrigeration Corp., 1027 
American Blower Corp., 1028-1029 
Bayley Blower Co., 1154 
Bryant Heater Co., 1060 
Buffalo Forge Co., 1166 
Carrier Corp., 1032-1033 
Dry-Air Products Corp., 1074 
New York Blower Co., The, 1168 
Niagara Blower Co., 1039 
Pittsburgh Lectrodryer Corp., 1041 
J. F. Pritchard & Co., 1131 
Trane Co., Th^ lOOlhlOOl 
Westinghouse Electric Corp., Stur- 
tevant Div., 1176-1183 
York Corp., 1043 


DEHYDRATORS, Rafrikerant 
Mueller Brass Co., 1100-1101 


DESTROYERS, Soot (See Soot 
Deetroyers) 


DIFFUSERS. Air (See Air Dif- 
fusers, and Ventilators, Floor and 
WaU) 


DISCS, Removable Composition 
Jenkins Bros., 1339 


DISTRICT HEATING (See Cor- 
rosion, Treaiment of— Expansion 
Joints— Insulation, Underground 
—Meters, Pipe) 


DISTRICT HEATING, High- 
temperature Fluid Systems 
American Hydrotherm Corp., 1302 


DRAFT APPARATUS (See Blow- 
ers, Forced Draft) 


DRAFT CONTROL, Barometric 

Webster Engineering Co., 1277 


DRYING EQUIPMENT 
Air Devices, Inc., 1104, 1192 
Buffalo Forge Co., 1156 
Campbell Heating (^., 1062-1053, 
1064 

Dry-Air Producle Corp., 1074 
Electromode Corp., 1075 
G & O Mfg. Co., The. 1142 
Modine Mfg. Co., 1084-1085 
Niagara Blower Co.. 1036 
J. F. Pritchard & Co., 1131 
Trane Co., The, 1090-1091 
Westinghouse Electric Corp., Stur- 
tevant Div., 1176-1183 


DUCT INSULATION (See Invu- 
lation. Ducts, Ventilating, Air 
Conditioning) 


DUCTS, Prefabricated 
Philip Carey Mfg. Co., The, 1340- 
1341 

Crawford-Austin Mfg. Co., 1356 
L. J. Mueller Furnace Co., 1058- 
1069 

United States Register Co,, 1213 


DUST COLLECTING EQUIP- 
MENT 


Air Filter Corp., 1105 

American Air Filter Ck>., Inc., 1108- 


1109 

American Blower Corp., 1028-1029 
Buffalo Forge Co., 1156 
General Blower Co., 1161 
Etablissements Neu, 1203 
Thermobloc Div., Prat-Daniel 
Corp^ 10^ 

Trion, Inc., 1125 

Westinghouse Electric Corp., Stur- 
tevant Div., 1176-1183 


DUST COLLECTORS, Cloth 
Type 

American Air Filter Co., Inc., 1108- 
1100 


EJECTORS, Sewage 
Condenser Service & Engineering 
Co., Inc., 1137 

Worthington Pump & Machinery 
Corp., 1044-1045 


ELECTROSTATIC AIR CLEAN- 
ERS 

Air-Mase Corp., 1106-1107 
American Air Filter Co., Inc., 1108- 
1100 


Raytheon Mfg. Co., 1120 
Thermobloc Div., Prat-Daniel 
CorpM 1089 
Trion, Inc., 1125 

Westinghouse Electric Corp., Stur- 
tevant Div., 1176-1183 


EVAPORATIVE CONDENSERS 
(See Condensers and Evaporators) 


EVAPORATORS 
Bell & Gossett Co., 1296-1297 
Buffalo Forge Co., 1156 
Condenser Service & Engineering 
Co., Inc., 1137 
Farrar & Trefts, Inc., 1268 
Foster Wheeler CJorp., 1127 
Arthur Harris & Co., 1220 
Rome-Turney Radiator Co., The, 
1143 

Trane Co., The, 1090-1001 
Westinghouse Electric Corp., Stur- 
tevant Div., 1176-1183 
Young Radiator Co., 1096 


EXHAUST HEADS (See Heads, 
Exhaust) 


EXHAUST TUBING, Fteiible 

(See Tubing, Flexible, Metallic) 


EXHAUSTERS 
Air Devices, Inc., 1104, 1162 
Buffalo Forge Co., 1156 
Champion Blower & Forge Co., 
1158 

General Blower Co., 1161 
Ilg Electric Ventilating Co., 1078, 
1163 

John J. Nesbitt, Inc., 1088 
New York Blower Co., The, 1168 
Swartwout Co., The, 1189 
Trade-Wind Motorfans, Inc., 1171 
Trane Co., The, 1090-1091 
United States Air Conditioning 
Corp., 1042 

Westinghouse Electric Corp., Stur- 
tevant Div., 1176-1183 
L. J. Wing Mfg. Co.. 1093-1095 


EXPANSION JOINTS 
Chicago Metal Hose Corp., 1102, 
1217 

Foster Wheeler Corp., 1127 
Arthur Harris & Co., 1220 
Illinois Engineering Co., 1326-1327 
Mueller Brass Co., 1100-1101 
H. W. Porter Co., 1344 
Warren-Webster & Co., 1332-1335 
Yarnall- Waring Co., 1337 


EXPANSION LOOPS 
Durant Insulated Pipe Co., 1343 
Mueller Brass Co., 1100-1101 
Ric-wiL Co., The, 1345 


EXPOSITIONS 

International Exposition Co., 1300 


FAN BLADES 

Air Controls, Inc., Div. of the Cleve- 
land Heater Co., 1151 


Numerals foUowing Manufacturers* Names refer to pages in the Catalog Data Section 
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Burdan Go. 1187 Ik Blaetrio VantiktiBt Oo., 1078» 

Champicm Blower & Totwb Ck)., 1168 

1188 Jaden Mrc. Co.. 1078 

Sobwiteer-Cummine Co.l 1S70 Morriaon Produota. Ino., 1167 

Torrington Mfg. Co.. The. 1173- L. J. Mudler Furnaee Co.» 1058- 
1178 1069 

Waatinghouaa Eleetrio Corp.» Stur^ Herman Ndaon Corp., The. 1086- 
tevant Div.. 1176-1183 1087 

Etabliaaements Neu, 1308 

FAN MOTORS (Sea Motor*. Elm- New York Blower do.. The. 1168 
trie) Niagara Blower Co» 1080 

Torrington Mfg. Co., The, 1173- 

FANS. Attic Trade-Wind Motorfana. Inc., 1171 

Air Controla, Ine. (Div. of The Trane Co.. The. 1080-1001 
Cleveland Heater Co.), 1151 United Statea Air (Conditioning 
American Blower Corp., 1038-1030 Corp.. 1043 

American Coolair CorpM 1153 Western Blower C!o., 1175 

American Foundry & Furnace Co., Westinghouse Electric CSorp., Btur- 
1048-1040 tevant Div.. 1176-1188 

Buffalo Forge Co., 1156 * L. J. Wing Mfg. Co., 1008-1005 

Burden Co.. 1157 

PhUip Carey Mfg. Co.. The. 1840- 

.. r. r. fans. Electric 

C^inon Bloww ft Forw Co, American CooUdr Corp, HM 
Ch^ Fan ft Blower Co, Ino, “*• Tl>«. ««- 

Fan. Div, American Blower ft Forv Co, 

BW^/um’ C bjg- Fan ft Blower Co, Ine, 
Hunto Fan ft Ventitatin, Co, OenSal Blower Co, IWl 
Be Eleetrie Ventilatini Co, 1078, ’ 

fSSStaPlSftoHto? tin- VentiUtlng Co, 1078. 

ft Myera. 


tevant Div., 1176-1188 
L. J. Wing Mfg. Co.. 1003-1005 

FANS. Axial Flow 
American Blower Corp., 1028-1020 
Buffalo Forge Co., 1166 
DeBothecat Fans Div.. American vamg Fumarw 
Machine «r Metals. Inc., 1160 ^^^S. Fui^ 

Hunter Fan & Ventilating Co.. 1162 Air Ckintrols. Ine., Div. of The 
“ “ — - . - Cleveland Heater Co., 1161 


1178 

Tnde-Wind Motorfans, Ine., 1171 
Westinghouse Electric Corp.. 8tur< 
tevant Div., 1176>1183 
L. J. Wing Mfg. Co., 1003-1006 


Ilg Electric Ventilating 0>.. 1078, 
1163 

Joy Mfg. Co., 1164-1165 
Etabliaasments Nev^ 1203 
New York Blower Co.. The, 1168 
J. F. Pritchard & Co., 1131 
Fri)pellair Div., Robbins 6e Myers. 
Ino., 1160 


Aladdin Heating Corp.. 1152 
American Foundry & Furnace Co.. 
1048-1040 

Bishop & Babcock Mfg. Co., The 
(Massachusetts Blower Div.). 
1155 

ino., iiw Burden Co., 1157 

Westinghouse Electric Corp., Stur- Chimpion Blower & Forge Co.. 


1158 

Clsnige Fan Co., 1034 
Meyer Furnace Co., The, 1056-1057 
Morrison Products, Ino., 1167 
L. J. Muriler Furnace Co., 1058- 
1050 

United States Air Conditioning 
Corp., 1042 

Westinghouse Electric Corp., Stur- 
tevant Div., 1176-1183 
L. J. Wing Mfg. Co.. 1088-1005 


tevant Div., 1176-1183 
L. J. Wing Mfg. Co., 1003-1005 

FANS, Gentiifuftnl 
Air Control^ Inc.. Div. of The 
Clevriand Heater Co.. 1161 
Aladdin Heating (jorp., 1152 
American Cikiolair Corp., 1153 
American Foundry & Furnace Co.. 

1048-1040 
Bayley Blower Co., 1154 
Bishop & Babcock Mfg. Co., The 
(Massachusetts Blower Div.), FANS, Portable 
1155 Bayley Blower Co., 1154 

Buffalo Forge Co., 1156 Champion Blower A Forge Co.. 

Burden Co.. 1157 1158 

Campbell Heating Co., 1052-1053. Chelsea Fan A Blower Co., Inc., 
1064 1150 

E. K. Campbell HeatingCo., 1066 General Blower Co., 1161 
Champion Blower A Forge Co., General Eleetrio Co., (Schenectady, 
1158 N. Y.) J184-1185 

Clange Fan Ck>.. 1084 Hunter Fan A Ventilating Co., 

General Blower Co., 1161 1162 

HaatingB Air Conditioning Co., Ine., Bg Electric Ventilating Co.. 1078, 
1038 1168 


Un WmmOo,, The, 1166 
Nw Ywk Blower Co., Thfc 1168 
PropeUair Div., Robbhm i Myers 
Ine., 1160 . 

Sehwitser-Cummins Co., 1170 
Torrington Mfg. Co.. The, 1173- 
1178 

Westinghouse Electric Corp., Stur- 
, tevant Div., 1176-1188 
L. J. Wing Mfg. Co., 1008-1006 

FANS, Propeller 

Air ControlB, Inc., Div. of The 
Cleveland Heater Co., 1151 
American Blower Corp., 1038-1030 
Amencan Coolair Coro., 1153 
Bi^op A Babcock Mfg. Co.. The 
(Maaaaehuaetta Blower Div.), 
1155 

Buffalo Forge Co.. 1156 
Burden Co.. 1167 

Fhffij^ Carey Mfg. Ck>., The, 1840- 

Champion Blower A Forge Co., 
1158 

Che^ Fan A Blower Co., Inc., 

De^thesat Fans Div., American 
Maehiiw A Metals, Inc., 1160 
General Blower Co.. 1161 
Hunter Fan A VentUating Co., 
1163 

Ilg Electric Ventilating Co., 1078, 
1168 

Lau Blower Co., The, 1166 
Herman Nelson Corp., The, 1086- 
1087 

Etablissements Neu. 1203 
Nw York Blower Co., The, 1168 
J. F. Pritchard A Co.. 1181 
PropeUair Div., Robbins A Myers, 
Ino., 1160 

Sehwitser-Cummins Co.,^1170 
Torrington Mfg. Co., The, 1173- 
1178 

Trade-Wind Motorfans. Ine., 1171 
Trane Co., The, 1000-1001 
Unit^ States Air Conditioning 
Corp., 1043 

Western Blower Co., 1175 
Westinghouse Electric Corp., Stur> 
tevant Div., 1176-1183 
L. J. Wing Mfg. Co., 1088-1005 

FANS, Supply and Exhaust 

Air Controli^ Inc., Div. of The 
Clevriand Heater Co., 1151 
Aladdin Heating Corp., 1162 
American Blower Corp.. 1028-1020 
American Coolair Corp., 1158 
Bayley Blower Co.. 1154 
Bi^p A Babcock Mfg. Co.. The 
(Mamachusetts Blower Div.), 
1155 

Buffalo Forge Co.. 1156 
Burden Co.. 1157 

E. E. Campbell Heating Co., 1065 
PhiU^ Carey Mfg. Co., The) 1840- 

Champion Blower A Forge Co., 
1158 

Chelsea Fan A Blower Co.. Ino., 
1150 

Clarage Fan Co., 1034 
DeBothesat Fans Div., American 
Machine A Metals, Inc., 1160 
Gene^ Blower Co.. 1161 
Hunter Fan A VentUating Co., 
1163 

Ilg^Eleotrio Ventilating Co.. 1078, 

Joy Mfg. Co., 1164-1165 
Lau Blower Co., The, 1166 
Herman Ndoon Corp., The, 1086- 
1087 
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EtabHwwmtnti Ne^ U08 
N 0 V York Blower Co.. The, 1168 
Nlaguft Blower Co.. 1069 
PropeUair Div., RoDbine & Myen, 
Ino., 1169 

Trade* Wind Motoifana, Ino., 1171 
Trane Co., The, 1090-1091 
United Statee Air Conditioninc 
Corp.. 1043 

Weitingnouae Electric Corp., Stur- 
tevaat Div., 1176-1188 
L. J. Wing Mfg. Co., 1098-1096 


FANS. VentUattna (Sm Fane, 
Auic, AM Flow, Conbrifvgal, 
oie.) 


FEED WATER HEATERS (See 
Hoaten, Food Wator) 


FEED WATER REGULATORS 
(See Regvlatart, Food WaUr) 

FEEDERS, Boiler Water 
Crane Co., 1360-1261 
Cyolotherm Corp., 1280 
MoDonn^ & fiuler, Inc., 1394- 
1396 

Warren Webeter & Co., 1332-1836 

FELT, Ineulatlng (See /neidofion. 
Fell) 

FELT, Sound Deadening 

Armstroi^ Cork Co., 1863 

Baldwin^iU Co , lau 

Philip Otxoy Mfk. Co., The, 1840- 

Ineulite, 1368-1369 
Ineul-Maatio Corp. of America, 1364 
Johna-Man^e. ^60-1361 
I^berly-CIlarK C^., 1362-1863 
Lookpcnt Cotton Batting Co., 1866 
Owene-Coming Fiberglas Corp., 
1118-1119 

Padfio Lumber Co., 1867 
Qnnt Wilson, Ino., 1843 
Wood Converaion Co., 1870 

FIBER INSULATION (See /n- 
eulotion) 


Air-Maie CQrp» 1106-1107 
American Air I^ter Co., Ine., 1108- 
1109 

Continental Air FOtaia, Ino., 1114 
DoUiw Coro., 1116-1117 
Fsjt^., 1116 

Rseearoh Produote Corp.. 1131 
Supreme Air Filter Co., 1081 


FILTERS, Liquid 
Air-liase Corp., The, 1106-1107 
Condenser Service & Engineering 
Co., Inc^ 1137 
Dollinger (W, 1116-1117 
Henry Valve Co., 1229 


FIREBRICK, Inaulathig 

Babcock & Wilcox Co.. The, 1362 
Johns-Manville, 1360-1361 


FITTINGS. Flared 
QrinneU Co., Ino., 1077, 1218-1219 
Mueller Braes Oo», 1100-1101 

FITTINGS, Hot Water Heating 
Systems 

Jas. P. Marsh Corp., 1328-1829 
Taco Heaters, Ino^ 1299 
H. A. Thrush & Co., 1800-1801 
Trane Co , Th^ 1090-1091 
United States Radiator Corp., 1369- 
1360 


FITTING^ Pipe for Undaiv 
ground Conduit 
Durant Insulated Pipe Co., 1348 
H. W. Porter & Co.. Ino., 1344 
Rio-wiL Co., The, 1346 

FITTINGS, Pipe, Welded 

Forge & Pipe Works, Ino., 

Tube Turns, Ino., 1223 \ 


FITTINGS. Welding 

GrinneU Co., Ino.. 1077, 1218-1219 
Taylor Forge & Pipe Works, Ino., 
1321 

Tube Turns, Ino., 1223 

FLANGES, Lead. Roof 
Eagle-Pioher Co., The, 1867 

FLANGES, Pipe, Blind 

T^or Forge & Pipe Works, Ino., 
1231 


FLANGES. Pipe, Reducing 
T^ot Forge & Pipe Works, Ino., 

Tube Turns, Ino., 1323 


FITTINGS, Jacketed Steam and 
OU 

Parks-Cramer Co., 1040 

FITTINGS, Pipe, Add Restating 
Ta^OT Forge & Pipe Works, Ino., 


Tube Turns, Ino., 1223 


FLANGES, Welding 

Taylor Forge & Pipe Works, Ino., 
1231 

Tube Turns, Ino., 1222 


FILTERS, Air (Sea Atr Cloaning 
Eguipment) 

Air Devioes, Ino., 1104, 1192 
Air Filter Corp., 1106 
Air-Mase Corp., The. 1106-1107 
Air & Refrigeration C^» 1037 
American Air Filter Co., Ino., 1108- 
1109 

Amerioan Moistening Co., 1133 
Continental Air Filters, Ino., 1114 
DoilimCorp., 1116-1117 
Fm^., 1116 
EtablissOTents Neu, 1303 
Owens-Coming Fiberglas Corp., 
1118-1119 

J. F. Pritohard & Co., 1181 
Raythmn Mfg. Co.. 1120 
Researoh Produote Corp., 1121 
H. J. Someis Jno., 1128-1123 
Supreme Air Filter Co., 1081 
Trion, Ino., 1126 

Westingbouse Eleotrio Corp., Stur- 
tevant Div., 1176-1188 


FILTERS, Grease 
Air Devioes, Ino., 1104, 1193 
Air Filter Corp.. 1106 


FITTINGS, Pipe, Flanged 
Baker Refrigeration Corp., 1146 
GrinneU Co., Ino., 1077, 1818-1219 
Henry Valve Co., 1229 
Mueller Brass Co., 1108-1101 
T^or Forge & ripe Works, Ino., 

Worthington Pump & Machinery 
Corp., 1044-1046 
York Corp., 1048 


FITTINGS, Pipe, GalTanIsed 

Taylor Forge 6t Pipe Works, Ino., 
1231 


FLOATS, Ferrous and Non- 
ferrous (Seamlew) 

Arthur Harris & Clo., 1220 


FLOOR PLATES 
Carnegie-IIlinois Steel Co.. 1316 
GrinneU Co., Ino., 1077, 1218-1219 
United States Radiator C^., 
1269-1260 

Unit^ States Steel Corp., Sub. 
1316 


FITTINGS, Pipe, Screwed 

GrinneU Co., Ino., 1077, 1318-1819 
Henry Valve Co., 1229 
United States Radiator Corp., 1269- 
1360 


FITTINGS, Pipe, Solder 

American Brass Co., The, 1098- 
1099 

MueUer Brass Co., 1100-1101 


FITTINGS, Pipe, Steel 
T^or Forge 6c Pipe Works, Inc.i 
Tube Turns, Ino., 1833 


FLUB GAS ANALYSIS 

MinneapoUs-HoneirweU Regulator 
Go., 1238-1287 


FORGED-AIR DUCTS and FIT- 
TINGS (Sm Duett; FiUingt) 


FORGED DRAFT GOOLING 
TOWERS (Sm Codling Towort, 
Induced Draft, MoekaniM Druft) 
Air & Befrimtion Corp., 1037 
Binks Mfg. Co., 1138-1129 
Foster Wheeler Corp., 1187 
Mario CoU Co.. 1149 
J. F. Mtohm & 1131 

Trane Co.. Th^ 1090-1091 
Water-Cooling Equipment Co., 1132 
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FUEL BURNING EQUIPMENT, 
Automatic (See Burnera, Auto- 
matic; Oaa Burners; Oil Burnera; 
Stokers) 


FUEL OIL, Heatinft, Pumplnft 
and Stralninil Units 

Ace Engineering Co., 1278 
Detroit Lubricator Co., Div. of 
American Radiator & Standard 
Sanitary Corp., 1224-1225 
S. T. Johnson Co., 1284-1285 
Petroleum Heat & Power Co., 1286- 
1287 


FURNACE AND BOILER 
GLEANERS, Air 

Kent Co., Inc., The, 1261 


FURNACE PIPE 

Meyer Furnace Co., The, 1056-1057 
L. J. Mueller Furnace Co., 1058- 
1050 

United States Register Co., 1213 


FURNACES, Electric 

Electromode Corp., 1075 
Westinghouse Electric Corp., Box 
868, Pittsburgh, 1176-1183 


FURNACES, OH Burning. Floor 
Dravo Corp., 1068, 1069 
H. C. Little Burner Co., 1283 
National Heater Co., 1070 
Rheem Mfg. Co., 1062 


FURNACES, Wall 

H. C. Little Burner Co., 1283 
Rheem Mfg. Co., 1062 
Utility Appliance Corp., (formerly 
Utility Fan Corp.), 1174 


FURNACES. Warm Air, Heavy 
Duty 

Air Devices, Inc., 1104, 1192 
Airtherm Mfg. Co., 1063 
Aladdin Heating Corp., 1152 
American Foundry & Furnace Co., 
1048-1049 

Campbell Heating Co., 105^-1053, 
1064 

E. K. Campbell Heating Co., 1065 
Chicago Steel Furnace Co., 1066 
Dravo Corp., 1068-1069 
Lee Engineering Co., 1067 
H. C. Little Burner Co., 1283 
Meyer Furnace Co., The, 1056-1057 
L. J. Mueller Furnace Co., 1058- 
1059 

National Heater Co^ 1070 
Arthur A. Olson & Co., 1071 
Rheem Mfg. Co., 1062 
Unit^ States Radiator Corp., 1259- 
1260 

Waterman-Waterbury Co., The, 
1060-1061 

Williams Oil-O-Matic Div., Eureka 
Williams Corp., 1290 


FURNACES, Warm Air, Resi- 
dence 

Airtemp Div., Chrysler Corp., 1054- 
1055 

Aladdin Heating Corp., 1152 
American Foundry & Furnace Co., 
1048-1049 


American Radiator 3c Standard 
Sanitary Corp., 1240-1247 
Bryant Heater Co., 1050 
Campbell Heating Co., 1052-1053, 
1064 

Chicago Steel Furnace Co., 1066 
Duo-Therm Div., Motor Wheel 
Corp., 1051 

Electromode Corp., 1075 
Fitsgibbons Boiler Co., Inc., 1266- 
1267 

General Electric Co. (Bloomfield, 
N. J.), 1036-1037 

Hoffman Specialty Co., 1322-1325 
S. T. Johnson Co., 1284-1285 
Meyer Furnace Co., The, 1056-1057 
L. J. Mueller Furnace Co., 1058- 
1059 

Petroleum Heat & Power Co., 1280- 
1287 

Rheem Mfg. Ck>., 1062 
United States Radiator Corp., 1259- 
1260 

Utility Appliance Corp., (formerly 
Utility Fan Corp.), 1174 
Waterman-Waterbury Co., The, 
1060-1061 

Williams Oil-O-Matic Div., Eureka 
Williams Corp., 1290 


GAGES. Altitude 

Electric Auto-Lite Co., The, Instru- 
ment & Gauge Div., 1228 
United States Gauge, 1243 
United States Radiator Corp., 1259- 
1260 


GAGES, Ammonia 
United States Gauge, 1243 


GAGES, Compound 

C. A. Dunham Co., 1316-1320 
Electric Auto-Lite Co., The, In- 
strument & Gauge Div., 1228 
Trane Co., The, 1090-1091 
United States Gauge, 1243 


GAGES, Liquid Level 

Minneapolis-Honeywoll Regulator 
Co., 1236-1237 

Taylor Instrument Ck)s., 1242 
United States Gauge, 1243 
Yarnall-Waring Co., 1337 


GAGES. Preesure 

C. A. Dunham Co.. 1316-1320 
Electric Auto- Lite Co., The, Instru- 
ment & Gauge Div., 1228 
Minneapolis- Honeywell Regulator 
Co., 1236-1237 

Taylor Instrument Cos., 1242 
United States Gauge, 1243 


GAGES. Steam 

Dole Valve Co., The, 1338 
C. A. Dunham Co^ 1310-1320 
Electric Auto- Lite Co., The, Instru- 
ment & Gauge Div., 1228 
Hoffman Specidty Co., 1322-1325 
Minneapolis- Honeywell Regulator 
Co., 1230-1237 
United States Gauge, 1243 


GAGES, Tank 

Minneapolis- Honeywell Regulator 
Co.. 1230-1237 
UnitM States Gauge, 1243 


GAGES, Vacuum 
Dole Valve Co., The, 1338 
C. A. Dunham Co., 1310-1320 
Electric Auto-Lite Co., The, Instru- 
ment & Gauge Div., 1228 
Minneapolis-Honeywell Regulator 
Co., 1230-1237 

Taylor Instrument Cos., 1242 
United States Gauge, 1243 


GAGES. Vapor 
C. A. Dunham Co., 1316-1320 
Minneapolis-Honeywell Regulator 
Co., 1236-1237 
United States Gauge, 1243 


GAGES. Water 

Owens-Corning Fiberglas Corp. 
1118-1119 

Yarnall-Waring Co., 1337 


GAS BURNERS 
Babcock & Wilcox Co., The, 1262 
Bryant Heater Co., 1050 
Combustion Equipment Div., Todd 
Shipyards Corp., 1281 
Crane Co., 125(^1251 
Hook & Ackerman, 1252 
Johnston Bros., Inc., 1274 
L. J. Mueller Furnace Co., 1058-1059 
Ray Oil Burner Co., 1288-1289 
United States Radiator Corp., 1259- 
1260 

Utility Appliance Corp., 1174 
Waterman-Waterbury Co., The, 
1060-1061 

Webster Engineering Co., The, 1277 
Williams Oil-O-Matic Div., Eureka 
Williams Corp., 1290 


GAS SAFETY PILOTS (See 
Pilots) 


GASKETS, Asbestos 
Crane Co., 1250-1251 
Grant Wilson, Inc., 1342 


GASKETS, Cork 
Armstrong Cork Co. (Building Ma- 
terials Div.), 1352 


GLASS (See Insulation, Double 
Olaaa) 


GLASS BLOCK ROOFLIGHTS 

(See Skylights) 


GLASS BLOCKS 
American Structural Products Co., 
1340-1347 

American 3 Way-Luxfer Prism Co., 
1348 

Pittsburgh Corning Corp., 1350-1351 


GLASS, Cellular 
Armstrong Cork Co. (Building Ma- 
terials Div.), 1352 
Pittsburgh Corning Corp., 1350- 
1351 


GOVERNORS, Pump 
McDonnel & Miller, Inc., 1294-1295 
Spence Engineering Co., Inc., 1240 
Warren Webster & Co., 1332-1335 


Please mention THE GUIDE 1949 when writing to Advertisers 



Index to Modem Equipment 


1011 


GRATES FOR BOILERS 

Brownell Co., The, 1264 


GRATES FOR BOILERS AND 
FURNACES 

Combustion Engineering-Super- 
heater, Inc.. 1265 

National Radiator Co., The, 1254- 
1255 

GREASE FILTERS (See Filtere, 
Qreaee) 

GRIDS, Hot Water Heating 
Pan-L-Heat Corp., 1268 


GRILLES. REGISTERS AND 
ORNAMENTAL METAL 
WORK (See also Louvere, Reg- 
ietera) 

American Foundry & Furnace Co., 
1048-1046 

Auer Register Co., The, 1163 
Barber-Colman Co., 1164 
Dole Valve Co., The, 1338 
General Blower Co., 1161 
Hart & Cool^ Mfg. Co., 1188-1166 
Hastings Air Conditioning Co., Inc., 
1038 

Hendrick Mfg. Co., 1200-1201 
Independent Register Co., The. 
1202 

Minneapolis-Honeywell Regulator 
Co., 1236-1237 
Etablissements Neu, 1203 
Pyle-National Co., The, Multi- 
Vent Div., 1204-1205 
Reg^ter & Grille Mfg. Co., Inc., 
1206 

Rock Island Register Co., 1207 
Standard Stamping & Perforating 
Co., 1208 

Stewart Mfg. Co., 1206 
Titus Mfg. Corp., 1212 
Tuttle & Bailey, Inc., 1210-1211 
United States Air Conditioning 
Corp., 1042 

Unitra States Gypsum- Co., 1368- 
1366 

Unit^ States Register Co., 1213 
Young Regulator Co., 1214 


HANGERS, Pipe 

Grinnell Co., Inc., 1077, 1218-1218 
Mueller Brass Co., 1100-1101 
Ric-wiL Co., The, 1345 


HANGERS, Radiator 

Crane Co» 1250-1251 
Grinnell Co., Inc., 1077, 1218-1216 
UniM States Radiator Corp., 1258- 
1260 


HEADS, Eihauat 

Swartwout Co., The, 1186 

HEADS, Sprinkler (Fire Protec- 
tion) 

Grinnell Co., Inc., 1077, 1218-1216 


HEAT EXCHANGERS 

Acme Industries, Inc., 1136 
Aerofin Corp., 1138-1141 
Bell & Gossett Co., 1266-1267 
Brownell Co., The, 1264 
Condenser Service & Engineering 
Co., Inc., 1137 
Farrar & iWts, Inc., 1268 


Frick Co, Inc., 1148 
Mario Coil Co., 1146 
McQuay. Inc., 1082-1083 
Mueller Brass Co., 1100-1101 
National Radiator Co., The, 1254- 
1255 

New York Blower Co.. The, 1168 
Niagara Blowei^Co., 1038 
Patterson- Kelley Co., The, 1138 
J. F. Pritchard & Co., 1131 
Refrigeration Economics Co., 1062 
Rome-Turney Radiator Co., The, 
1143 

Taco Heaters, Inc., 1266 
Thermobloc Div., Prat- Daniel 
Corp^ 1088 

H. A. Thrush & Co., 1300-1301 
Titusville Iron Works Co., The, 
(Div. of Struthers- Wells Corp.), 
1276 

Trane Co., The, 1060-1061 
United States Air Conditioning 
Corp., 1042 

Western Blower Co., 1175 
Worthington Pump & Machinery 
Corp., 1044-1045 
Young Radiator Co., 1066 


HEAT SURFACE 
Aerofin Corp., 1136-1141 
G &0 Mfg. Co., The, 1142 
General Electric Co., (Bloomfield, 
N. J.), 1036-1037 
McQuay. Inc., 1082-1083 
Modine Mfg. Co^ 1084-1085 
John J. Nesbit, Inc., 1088 
Niagara Blower Co.j 1038 
Rome-Turney Radiator CSo., The, 
1143 

Vulcan Radiator Co., The, 1145 
Warren Webster & Co., 1332-1335 
Westinghouse Electric CTorp., Stur- 
tevant Div., 1176-1183 


HEATERS, Air 

Aerofin Corp., 1138-1141 
Air Devices, Inc., 1104, 1162 
American Foundry & Furnace Co., 
1048-1040 

Buffalo Forge Co., 1156 
Campbell Heating Co., 1052-1053, 
1064 

Carrier Corp., 1032-1033 
Combustion Engineering-Super- 
heater Inc., 1265 
Dravo Corn., 1068-1069 
Electromode Corp., 1075 
General Electric Co., (Schenectady, 
N. Y.), 1184-1185 
GrinneU Co., Inc., 1077, 1218-1218 
Lee Engineering Co., 1067 
McQuay, Inc., 1082-1083 
Meyer Furnace Co., The, 1056-1057 
Modine Mfg. Co., 1084-1086 
Natioi^ Heater Co., 1070 
Ar^ur A. Olson & Co^ 1071 
Patterson- Kelley Co., The, 1138 
Thermobloc Div., Prat-Daniel 
Corp., 1086 

Trane Co., The, 1080-1091 
Westinghouse Electric Corp., Stur- 
tevant Div., 1176-1183 
L. J. Wing Mfg. Co., 1093-1065 


HEATERS, Automatic Hot 
Water, Domestic 
Bryant Heater Co., 1050 
Combustion Engineering-Super- 
heater Inc., (Chattanooga Div.) 
1265 

Crane Co., 1250-1251 
General Electric Co., (Schenectady, 
N. Y.) 1184-1185 
S. T. Johnson Co., 1284-1285 


Petroleum Heat & Power Co., 1286- 
1287 

Rheem Mfg. Co., 1062 
Uni^ States Radiator Corp., 1259- 
1260 

Westinghouse Electric Corp., Box 
868, Pittsburgh, 1176-1183 


HEATERS, Blast 
Aerofin Corp., 1139-1141 
Carrier Corp., 1032-1033 
Electromode Corp., 1075 
G & O Mfg. Co., The, 1142 
Hastings Air Conditioning Co., Inc. 
1038 

Lee Engineering Co., 1067 
McQuay. Inc., 1082-1083 
Mod^ine Mfg. Co., 1084-1085 
1). J. Murray Mfg. Co., 1081 
National Radiator Co., The, 1254- 
1255 

Niagara Blower Co., 1036 
United States Air Conditioning 
Corp., 1042 

Rome-Turney Radiator Co., The, 
1143 

Trane Co., The. 1090-1091 
Westinghouse Electric Corp., Stur- 
tevant Div., 1176-1183 


HEATERS, Cabinet 
Electromode Corp., 1075 
Modine Mfg. Co., 1084-1085 
Rheem Mfg. Co., 1062 
Rome-Turney Radiator Co., The, 
1143 

Trane Co., The, 1060-1061 


HEATERS, Electric 
General Electric Co., (Schenectady, 
N. Y.), 1184-1186 

Westinghouse Electric Corp., Box 
868, Pittsburgh, 1176-1183 


HEATERS, Feed Water 

Bell & Gossett Co., 1266-1297 
Brownell Co., The, 1264 
Condenser Service & Engineering 
Co., Inc., 1137 
Foster Wheeler Corp., 1127 
Patterson-Kdley Co., The, 1138 
Swartwout Co., The, 1189 
Titusville Iron Works Co., The, 
(Div. of Struthers Wells Corp.), 
1276 

United States Radiator Corp., 1259- 
1260 

Warren Webster & Co., 1332-1335 
Westinghouse Electric Corp., Box 
868, Pittsburgh, 1176-1183 
Worthington Pump & Machinery 
Corp., 1044-1045 


HEATERS, Fuel Oil 
Ace Engineering Co., 1278 
Automatic Burner Corp., 1279 
Bell & Gossett Co., 1296-1297 
Campbell Heating Co.. 1052-1053, 
1064 

Combustion Equipment Div., 
(Todd Shipyards Corp.), 1281 
Condenser, Service & Engineering 
Co., Inc., 1137 
Cyclotherm Corp., 1280 
Duo-Therm Div. of Motor Wheel 
Corp., 1051 

Arthur A. Olson & Co^ 1071 
Patterson- Kelley Co., The, 1138 
Rf^ Oil Burner Co., 1288-1289 
Rheem Mfg. Co., 1062 
Taco Heaters, Inc., 1299 
H. A. Thrush & Co., 1300-1301 


Rumarala following Manufacturera* Namoa refer to fagea in the Catalog Data Section 
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HEATERS. Gm 
B rsraat Heater Co.. 1060 
Campbell Heating Co.. 1062-1068. 
1064 

Cyelotherm Corp.. 1280 
Dravo Corp.. 106^1060 
Hook & Ackerman. 1262 
Lee Engineering Co.. 1067 
Arthur A-Olmn & Co.. 1071 
Rheem Mfg. Co., 1062 


P»tt«Km^.nflrCo,Tlif,lU8 HIATBR8. Cult, TutUM 

mSSn “*■ ^ *“*• °® - »<»»-»«» 


HEATERS. Unit 


i^TING. PUMPING and 
STRAINING UNITS. Fuel OU 
Ccmbuetion Equipment Div.. 


■'i®' — '« 

■feis&isriSj.ss 


HEATERS. Hot Water Serrloe 
Aerofin Corp» 1180-1141 
Air Devioee. Ino., 1104, 1102 


Bryant Heater Co.. 1060 
Buffalo Forge Co., 1166 
Burnham Corp., 1240 
E. K. Campbell Heating Co., 1066 
Carrier Corp., 1082-1088 


Airtemp Div., Ciii^er C^., 1064- S}*^®**® 


1066 

Aldrich Co.M246 

American Radiator & Standard 
Sanitary Corp., 1246-1247 
Automatic Burner Corp., 1270 
Bell & Goeaett Co., 120M207 
Brownell Co., The, 1264 
Burnham Con;> » 1240 
Cydlothem Corp., 1280 
Duo-Therm Div. of Motor Wheel 
Corp.. 1051 

Hook « Ackerman, 1262 
S. T. Johnson Co.. 12M-1286 
Johnston Bros., Inc., 1274 
Kewanee Boiler Corp., 1270-1278 
Mt. Hawley Mfg Co.. 1276 
L. J. Mueller I^mace Co» 1068^1060 


l^TING SYSTEMS. Air, Heafj 
Duly 

Airtherm Mfg. Co.. 1068 
American Foundry & Fumaoe Co.. 
1048-1040 

Campbell Heating Co., 1062-1068. 
1064 

E. K. Campbell Heating Co., 1065 
Dravo Corp., 1068-1060 
Eleetromode Corp., 1076 
^ Ei^nenring Co.. 1067 
0 Coil Co., 1140 


Clarage Fan Co.. 1084 
Crane Co.. 1250-1261 
Dtavo Cm,, 1068-1060 
C. A. Dunnsm Co., 1810-1820 
Eleetromode Coro.. 1076 „„ 

Fedders-Quigan C(^.. 1076 Mario 

EImWc Co., (Schenectady. Meyer Furnace Co” The, 1066-1067 

fi ^ 1010 - 101 A ^ ’ dueller Furnace Co., 1068-1060 
GnnneU Co.. Inc.. 1077, 1218-1210 National Heater Co., 1070 
Heatings Air Conditiomng Co.. Inc., Niagara Blower Co.,^ 1080 

Ti XI n ^hur A Olaon & Co., 1071 

Rg Electric Ventilating Co., 1078, — - - - — -- 


1168 

Kennard Corp., 1080 
Lee Engineermg Co., 1067 
McQuay, Inc.. 1082-1088 
Mo^ne Mfg. Co.. 1084-1086 


u. •!. mueiier £ uruHoe luoo-iuov “••• iT'** 

Natiotud Radiator Co., The, 1264- L. J. Mueller FmaM Co., 1068-1060 
1266 D. J. Murray Mfg. Co., 1081 

Pacific Steel Boiler Div., U. S. Herman Ndson Cmp., The, 1086- 


Radiator Corp., 1268 
Patterson-Kelley Co., The, 1138 
Petroleum Heat & Power Co., 1286- 
1287 

Ray Oil Burner Co.. 1288-1280 
Rheem Mfg. Co., 1062 
H. B Smito Co., Inc., The, 1268 
Spencer Heater Div., Avoo Mfg. 

Corp J258-1267 
United States Radiator Corp., 1250- Thmobloc 
1260 -.Corp» low 


Ray Oil Burner Co., 1288-1280 
Trane Co., Th^ 1000-1001 
United States Radiator Corp., 1260- 
1260 

Westinghouae Electric Corp., Stur- 
tevant Div., 1176-1188 


HEATING SYSTEMS. Air Real- 


Iwuu VA^l 

Williama OU-O-Matio Div., Eureka Trane Co^ The. 1000-1001 


1087 

John J. Neebitt. Ino.. 1088 
New York Blower Co.. The, 1168 
Niagara Blower C^.. 1080 
Arthur A. Olaon A CO;^ 1071 
Pacific Steel Boiler Div., U. S. 

Radiator Corp., 1268 _ , _ 

Rome-Turney Radiator Co., The. Burnham Corp., 1240 
1148 Campbell Heating Co., 

Div., Prat-Daniel 1064 

Eleetromode Corp» 1076 


Airtemp Div., Chrysler Corp., 1064- 
1066 

American Foundry & Furnace Co.. 
1048-1040 

Bryant Heater Co., 1050 


1062-1068, 


WUliama Corp., 1200 


HEATERS, Indirect 
Aerofin Corp., 1180-1141 
Bell & Qosaet Co., 1208-1207 
CampbeU Heating Co., 1062-1068, 
1064 

Pai^o Steel Boiler Div., U. S. 

Radiator Corp., 1268 
Patterson- Kelley Co./The, 1188 
Taco Heaters, Ino., 1200 
H. A Thrush & Co., 1300-1801 
United States Radiator Corp., 1260- 
1260 


General Electric Co.. (Bloomfield. 


AIliMV WV«i A aivs - - 

Unit^ Statea Air Conditioning N. J.), 1086-1087 
O^., 1042 Meyer Furnace Co.. The, 1066-1067 

Unit^ States Radiator Corp., 1260- L. J. Mueller Furnace Co.. 1068-1060 
1260 Bay Oil Burner Co., 1288-1280 

Warren Webster & Co. 1882-1886 Rheem Mfg. Co., idoo 
Western Blower Co., 1176 Trane Co., The. 1000-1001 

Westinghouae Electric Corp., Stur- U. S. Radiator Corp,, 1260-1260 

Waterman- Waterbury Co., The 
1060-1061 


tevant Div., 1176-1188 
L. J. Wing Mfg. Co.. 1008-1006 
Young Radiator Co., 1006 


SYSTEMS, Auto- 


HEATERS. Unit, Gaa Fired 


HEATING 
matic. 

Airtemp Div., Chryaler Corp., 1054- 
Airtherm Mfg. Co.. 1068 1066 

Automatic Gaa Equipment Co., Airtherm Mfg. Co., 1068 
1072 Bryant Heater Co.. 1060 

HEATERS. Stomde Bryant Heater Co.. 1060 CampbeU Heating Co., 1062-1068 

wii-i Carrier Corp., 1082-1088 1064 

^ ^ I>»vo Corn., 1068-1060 Crane Co., 1260-1261 

1 QK 4 Hastings Atf Conditicming Co., Inc., Dravo Corp., 1068 1060 

Hook A 1262 jOgg C. A. Dunham Co.. 1810-1820 

th- ii«« Lee Engineering Co.,l067 N. J.l, 1030-1087 

L.J.MueUer Furnace Co..l068-1060 Hook A Ackerman, 1262 
Unit^ States Radiator Corp., 1260- National Heater Co. 1070 Lee Enrineering Co., 1067 

Arthur A. Olaon A Co., 1071 Moyer Furnace Co. The, 1066-1067 

Thermobloo Div., tat-Daniel Mt. Hawley Mfg., Co.. 1276 
Corp., 1080 L. J. Muriler Furnace Co.. 1068-1060 

United Statea Air Conditioning National Heater Co. 1070 
Corp., 1042 Arthur A. Olaon A Co., 1071 


1260 


HEATERS, Tank 
Bell A Gossett Co., 1206-1207 

Bryant Hflatfff Co., 1060 r-, . 

Condenaer Service A Engineering Utility AppUanee Corp. (formerly Petroleum Heat A Power Co., 1286- 


Co.. Inc., 1187 
Hook A Ackerman, 1262 
Pacific Steel Boiler Div., U. S, 
Radiator Corp., 1258 


Utility ¥m Corp.), 1174 , is 1287 
WUliama Oil-O-Matic Div.,iEureka Rheem Mfg. Co., 1062 
WiUiama Corp., 1200 Sareo Co., Ino., 1880-1881 

L. J. Wing Mfg. Co., 1008-1006 Trane Co., The. 1000-1001 
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HBATINO STSTBMS, Cod-flnd 
Airtamp Div., Cbryslw Corp., 1054- 
1056 

AmerioBn Foundry ft Furnace Co., 
1045”1040 

C^beU Heating Co., 105^1063, 

E. K. Campbell Heating Co., 1065 
Dravo Corp. J1068-1069 
Fltoi^bbonB Boiler Co., Ino., 1205* 

Lm Enrineering Co., 1067 
Meyer Furnace Co., The, 1056-1057 
L. J. Mueller Furnace Co., 1058-1050 
National Heater Co» 1070 
Arthur A. Olson ft Co., 1071 
Rheem Mfg. Co.. 1062 
Waterman-Waterbury Co., The, 
1060-1061 


HEATING SYSTEMS. Electric 

Eleetromode Corp., 1075 
llg Electric Ventilating Co., 1078, 
1163 


HEATING SYSTEMS. Hot Water 
Air Devices, Inc., 1104, 1102 
Airtemp Div., Chrytier Corp., 1054- 
1055 

Bell ft Goesett Co., 1206-1207 
Bigelow Co., The, 1263 
Durant Insulated Pipe Co., 1343 
Fitsgibbons Boiler Co., Inc., 1266- 
1267 

Hoffman Specialty Co., Inc., 1322- 
1325 

Hook ft Ackerman, 1252 
Jaa. P. Marsh Corp., 1328-1320 
L. J. MueUer Furnace Co., 1050-1050 
Pacufio Bted Boiler Div., IT. 8. 

Radiator Corp., 1258 
Pan-L-Heat C^., 1298 
Rio-wiL Co., The, 1345 
Sarco Co.. Ino., 1330-1331 
H. B. Smith Co., Ino. The, 1253 
Taco Heateis, Inc., 1209 
Trane Co., The. 1090-1001 
H. A. Thrush ft Co., 1300-1301 
United States Radiator Corp., 1250- 
1260 

Vulcan Radiator Co., The. 1145 
Warren Webster ft Co., 1M2-1335 


HEATING SYSTEMS. Furnace 

American Foundry ft Furnace Co., 

1048-1040 

Cao^bell Heating Co., 1052-1053, 

Dravo Corp., 1068-1060 
Lee Eni^eering Co., 1067 
Meyer Funace Co., The, 1056-1057 
L. J. Mueller Furnace Co., 1058-1050 
National Heater Co^ 1070 

hS * P<5iii ci., 1286- chi^ 

Rheem Mfg. Co., 1002 
United Statee Radiator Corp., 1250- 
1260 

Waterman-Waterbury Co., The 
1060-1061 


HEATING SYSTEMS. Oil Fired 

Airtemp Div., Chrysler Corp., 1054- 
1055 

Airtherm Mfg. Co., 1063 
Aldrich Co., 1245 

American Foundry ft Furnace Co., 
1048-1040 

Campbell Heating Co., 1052-1053, 
1064 


HEATING SYSTEMS, Gas Fired 

Airtemp Div., Chrysler Corp., 1054- 
1055 

Airthenn Mfg. Co., 1063 
Aldrich Co.. 1245 

American Foundry ft Furnace Co., 
1048-1040 

Bryant Heater Co., 1060 
Campbell Heating Co., 1052-1063, 
1064 

Chicago Steel Furnace Co., 1066 
Dravo Corp., 1068-1060 
Fil^bbons Boiler Co., Inc., 1266- 

General Electric Co., (Bloomfield, 
N. J.), 1036-1037 
Hook ft Ackerman, 1252 
Lee En c rinnairing Co.. 1067 
Meyer Furnace Co., ^he, 1056-1057 
L. J. Mutiler Furnace Co., 1058-1050 
National Heater Co^ 1070 
Arthur A. Olson ft Co» 1071 
Padfic Steel Boiler Div., U. S. 

Radiator Corp., 1258 
Rheem Mfg. Co., 1062 
United States Radiator Corp., 1250- 
1260 

Utility Appliance Corp., (formerly 
Utmty Fin Corp.), 1174 
Waterman-Waterbury Co., The, 
1060-1061 

WiUiama Oil-O-Matic Div., Eureka 
Williams Corp., 1200 


HEATING SYSTEMS, High- 
temperature Fluid 

American Hydrothenn Corp., 1302 


Condenser Service ft Engineering 
Co., 1137 

Dravo Corp., 1068-1060 
Fitsgibbons Boiler Co., 1266-1267 
General Electric Ck). (Bloomfield, 
N. J.), 1036-1037 
8. T. Johnson Co^ 1284-1285 
Lee EngineeringCo., 1067 
L. J. Mudler Furnace Co., 1058- 
1060 

National Heater Co» 1070 
Arthur A. Olson ft (Jo^ 1071 
Pacific Sted Boiler Div., U. S. 

Ri^iator Corp.. 1M8 
Petroleum Heat ft Power Co., 1286- 
1287 

Rheem Mfg. Co., 1062 
United States RMiator Corp., 1250- 
1260 

Waterman-Waterbury Co., The, 
1060-1061 

Williams Oil-O-Matic Div., Eureka 
Williams Ckirp., 1290 


HEATING SYSTEMS. Steam 

Airtemp Div., Chrysler Corp., 1054- 
1055 

Barnes ft Jones, Ino., 1314 
Bigelow Co., The, 1263 
Bryant Heater Co., 1050 
C. A. Dunham Co., 1316-1320 
Durant Insulated Pipe Co., 1343 
Fitsgibbons Boiler Co., 1266-1267 
General Electric Co., (Bloomfield, 
N. J.), 1036-1037 
William B. Haines ft Co., 1321 
Hoffman Specialty Co., 1322-1325 
Illinois Engineering Co., 1326-13!^ 
Jas. P. Manh Corp., 1328-1320 
L. J. Mueller Furnace Co., 1058-1059 
Padfic Steel Boiler Div., U. S. 

Radiator Corp., 1258 
Rio-wiL Co., The, 1345 
Sarco Co., Inc., 1830-1331 
H. B. sSth Co., Ino., The. 1253 


Titusville Iwm Works Co.. The, 
(Div. of Struthers Wdls Ckip.), 
1276 

Trane Co., The, 1000-1001 
United States Radiator Corp., 1250- 
1260 

Vulcan Radiator Co., The, 1145 
Warren Webster ft 1332-1385 
L. J. Wing Mfg. Co., lOOi-1005 

HEATING SYSTEMS. Vacuum ^ 
Airtemp Div., Chryder Corp., 1054- 
1055 

Barnes ft Jones, Inc., 1314 
C. A. Dunham Co., 1316-1320 
William S. Haines A Co., 1821 
Hoffman Specialty Co., 1322-1825 
Kent Co., Ino., The, 1291 
Jaa. P. Marsh C^., 1828-1820 
Sarco Co., Ino., 1330-1381 
Trane Co., The, 1000-1091 
Warren Webster ft Co., 1382-1335 

HEATING SYSTEMS, Vapor 
Airtemp Div., Chrysler Corp., 1054- 
1055 

Barnes ft Jones, Ino., 1314 
Bryant Heater Co., 1050 
Condenser Service ft Engineering 
Co., 1187 

C. A. Dunham Co., 1816-1820 
William S. Haines ft Co., 1821 
Hoffman Specialty Co., 1322-1825 
Illinois Engineering Co., 1820-13W 
Jas. P. Marsh C^rp., 1328-1320 
Sarco Co., Inc., 1330-1331 
Trane Co., The, 1000-1001 
Warren Webster ft Co., 1882-1335 


HOSE. Fleslble Metal 
American Brass Co., The, 1008-1000 
Chicago Metal Hose Corp., 1102, 
1217 

Packless Metal Products Ck>rp., 1108 

HOT WATER HEATING SYS- 
TEMS (Sm Heating Systems, Hot 
Water) 


HUMIDIFIERS 

Air ft Refrigeration Corp.. 1027 
American Blower Corp» 1028-1029 
American Foundry ft Furnace Co., 
1048-1049 

American Moistening Co., 1133 
Armstrong Machine Works, 1812- 
1813 

Bahnson Co» The, 1030-1031 
Binks Mfg. Co. 1128-1120 
Buffalo Forge Co., 1156 
Carrier Corp., 1032-1033 
Farr Co., 1115 

GrinneU Co.. Inc., 1077, 1218-1210 
McDonnell ft MiUer, Inc., 1294-1205 
Meyer Furnace Co., The, 1056-1057 
L. J. Mudler Furnace Co., 1058-1050 
Niagara Blower Co.. 1039 
Parks-Cramer Co., 1040 
J. F. Pritchard ft Co., 1131 
H. J. Somers, Inc., 1122-1128 
Trane Co., tU 1000-1091 
Weetinghouse Electric Corp.. Stur* 
tevant Div., 1176-1183 


HUMIDIFIERS. Central Plant 
Air ft Refrigeration Corp., 1027 
Bahnson Co., The, lOSCklCiSl 
Buffalo Forge Co., 1156 
Farr Co., 1115 

Johnson Service Co., 1382-1238 
MoDonndl ft Miller, Ino., 1204-1205 


Wumenls foUswing Maaafactarers* Names refer to gafsa in the Catalag Data 
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National Radiator Co., The, 1264- 
1255 

Niagara Blower Co., 1030 
Parks-Cramer Co., 1040 
J. F. Pritchard & Co., 1131 
Trane Co., The. lOOO-lOOl 
Westinghouae Electric Corp., Stur- 
tevant Div., 1176-1183 


HUMIDIFIERS. Unit 
Armstrong Machine Works, 1312- 
1313 

Bahnson Co., The, 1030-1031 
Buffalo Forge Co., 1156 
Mario Coil Co., 1140 
D. J. Murray Mfg. Co., 1081 
Niagara Blower Co^ 1030 
J. F. Pritclwd & Co., 1131 
H. J. ^mers. Inc., 1122-1123 
Trane Co., Th^ 1000-1001 
Westinghouae Electric Corp., Stur- 
tevant Div., 1176-1183 


HUMIDITY AND TEMPERA- 
TURE CONTROL 
American Moistening Co., 1133 
Bahnson Co., The, 1030-1031 
Detroit Lubricator Co., Div. of 
American Radiator & Standard 
Sanitaiy Corp., 1224-1225 
Dry-Air Products Corp., 1074 
Johnson Service Co., 1232-1233 
Mario Coil Co., 1149 
Minneapolis-Honeywell Regulator 
Co., 1236-1237 
Parks-Cramer Co., 1040 
Penn Electric Switch Co., 1238 
Powers Regulator Co., 1230 
Taylor Instrument Cos., 1242 
Westinghouse Electric Corp., Stur- 
tevant Div., 1176-1183 
White- Rodgers Electric Co., 1244 


HUMIDITY RECORDERS and 
INDICATORS 

American Moistening Co., 1133 
Minneapolis-Honeywell Regulator 
Co., 1236-1237 

Moeller Instrument Co., 1235 
Powers Regulator Co., 1239 
Taylor Instrument Cos., 1242 


INSTRUMENTS, Indicating 
Controlling and Recording 
Electric Auto-Lite Co., The, In- 
strument & Gauge Div., 1228 
General Electric Co., (Schenectady, 
N. Y.). 1184-1185 

Illinois Testing Laboratories, Inc. 
1231 

Johnson Service Co., 1232-1233 
Jaa. P. Marsh Corp., 1328-1329 
Minneapolis-Honeywell Regulator 
Co., 1236-1237 

Moeller Instrument Co., 1235 
Powers Regulator Co., 1239 
Taylor Instrument Cos., 1242 
Westinghouse Electric Corp., Box 
868, Pittsburgh, 1176-1183 


INSULATION. Aluminum 
Infra Insulation, Inc., 1372 


INSULATION, Asbestos (See Cov- 
ering, Pipe) 


INSULATION. Building 
American Structural Products Co., 
1346-1347 

Baldwin-Hill Co., 1353 
Philip Carey Mfg. Co., The, 1340- 
1341 

Celotex Corp., The, 1252 
Crawiord-Austin Mfg. Co , 1356 
Eagle-Picher Co., The, 1357 
Infra Insulation. Inc., 1372 
Insulite, 1358-1359 
Johns-Manville, 1360-1361 
Lockport Cotton Batting Co., 1365 
Munaet Cork Coro., 1366 
Owens-Corning Fiberglas Corp., 
1118-1119 

Pacific Lumber Co., The, 1367 
Pittsburgh Corning Corp., 1350-1351 
H. W. Porter & Co., Inc., 1344 
Reflectal Corp., 1373 
Silveroote Products, Inc., 1374-1375 
United States Gypsum Co., 1368- 
1369 

Grant Wilson, Inc« 1342 
Wood Conversion Co., 1370 


INSULATION, Cellular Glass 


Celotex Corp., The, 1355 
Crawford-Austin Mfg. Co., 1356 
Eagle-Picher Co., The, 1357 
Infra Insulation, Inc., 1372 
Insul-Mastic Corp. of America, 1364 
Johns-Manville, 1360-1361 
Kimbo-ly-Clark Corp., 1362-1363 
Lockport Clotton Batting Co., 1365 
Mundet Cork Corp., 1366 
Owens-Corning Fiberglas Corp., 
1118-1119 

Pittsburgh Corning Corp., 1350- 

Reflectal Corp., 1373 
Grant Wilson, Inc^ 1342 
Wood Conversion Co., 1370 


INSULATION, Felt 

Baldwin-Hill Co., 1353 
Crawford-Austin Mfg. Co., 1356 
Johns-Manville, 1360-1361 
Kimberly-Clark Corp., 1362-1363 
Grant Wilson, Inc., 1342 


INSULATION, Fiber 

Baldwin-Hill Co., 1353 
Insulite, 1358-1359 
Kimberly-Clark Corp., 1362-1363 
Lockport Cotton Battiitt Co^ 1365 
Owens-Corning Fiberglas (Jorp.. 
1118-1119 

Pacific Lumber Co., The, 1367 
United States Gypsum Co., 1368- 
1369 

Grant Wilson, Inc., 1342 
Wood Conversion Co., 1370 


INSULATION. Magnesia 
Johns-Manville, 1360-1361 
Mundet Cork Corp., 1366 
Grant Wilson, Inc., 1342 


INSULATION, Metal 
American Flange & Mfg. Co., Inc., 
1371 

Infra Insulation, Inc^ 1372 
Silvercote Products, Inc., 1374-1375 


INSULATION. Mineral 


HYGROMETERS (See Humidity 
Recorders and Indicators) 
American Moistening Co., 1133 
Moeller Instrument Co., 1235 
Taylor Instrument Cos., 1242 


IGNITION. Oil Burner 

(See Transformers) 


INDUCED DRAFT COOLING 
TOWERS (See Coding Towers^ 
Forced Draft, Mechanical Draft) 
Binks Mfg. Co., 1128-1129 
Foster Wheeler Corp., 1127 
Mario Coil Co., 1149 
J. F. Pritchard & Co., 1131 
Water Cooling Equipment Co., 1132 
Westinghouse Electric Corp., Stur- 
tevant Div., 1176-1183 
L. J. Wing Mfg. Co., 1093-1095 


INSERTS. Concrete 

American Moistening Co., 1133 
Carty & Moore Engineering Co., 
1315 


Armstrong Cork Co. (Building Ma- 
terials Div.), 1352 

Pittsburgh Corning Corp., 1350- 
1351 


INSULATION. Cork 

Armstrong Cork Co. (Building Ma- 
terials Div.), 1352 

Insul-Mastic Corp. of America, 1364 
Mundet Cork Corp., 1366 
H. W. Porter & Co., Inc., 1344 
Grant Wilson, Inc., 1342 


INSULATION. Cotton 
Crawford-Austin Mfg. Co., 1356 
Lockport Cotton Batting Co., 1365 


INSULATION, Double Glam 
Libbey-Owens-Ford Glass Co., 1349 


INSULATION, Ducts, Ventilat- 
ing, Air Conditioning 

Air & Refrigeration Corp., 1027 
Baldwin-HiU Co., 1353 
Philip Carey Mfg. Co., The, 1340- 
1341 


INSULATION. Mineral Wool 

(See Insulation, Building) 


INSULATION. Pipes and Sur- 
faces (See Covering, Pipe) 


INSULATION. Piastic 
Insul-Mastic Corp. of America, 1364 
Grant Wilson, Inc., 1342 


INSULATION, Reflective 
American Flange & Mfg. Co., Inc., 
1871 

Infra Insulation, Inc., 1372 
Insul-Mastic Corp. of America, 1364 
Lockport Cotton Batting Co., 1365 
Reflectal Corp., 1373 
Silveroote Products, Inc , 1374-1375 
United States Gypsum Co., 1368- 
1369 


INSULATION, Refractory 

Armstrong Cork Co. (Budding Ma- 
terids Div.), 1352 
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PUUp Cney Mfg. Co., The, 1340- 

Johns-Manville, 1300-1361 
Grant Wilson, Ino., 1342 


INSULATION. Sound Deaden- 
ing (See also Fell, Sound Deaden- 
ing) 

Armstrong Cork Co. (Building Ma- 
terials Div., 1362 
Bfddwin-Hill Co., 1353 
Celotez Corp., The, 1365 
Crawford-Austin Mfg. Co., 1366 
Insulite, 1368-1360 
Insul-Mastic Corp. of America, 1364 
Kimberly-Clark Corp., 1362-1363 
Lockport Cotton Batting Co., 1366 
Owens-Coming Fiberglas Corp., 
1118-1110 

Mundet Cork Corp., 1366 
Pacific Lumber Co., The, 1367 
Grant Wilson, Inc., 1342 
Wood Conversion Co., 1370 


INSULATION, Steel 
American Flange 6r Mfg. Co., Inc., 
1371 


INSULATION, Structural 

American Flange & Mfg. Co., Inc., 
’ 1371 

American Structural Products Co., 
134^1347 

Armstrong Oirk Co. (Building Ma- 
terials Div.), 1362 
Celotex Corp., The, 1366 
Insulite, 1368- 1350 
Johns-Manville, 1360-1361 
Pittsburgh Corning Corp., 1360- 
1361 

Wood Conversion Co., 1370 


INSULATION, Underground 
Steam Pipe 

Durant Insulated Pipe Co., 1343 
Johns-Manville, 1360-1361 
Owens-Corning Fiberglas Corp., 
1118-1110 

H. W. Porter & Co., Inc., 1344 
Bic-wiL Co., The, 1346 
Grant Wilson, Inc., 1342 


INSULATION, Window, Double 
Glazing 

Libbey-Owens-Ford Glass Co., 1340 


INSULATOR, Water 
April Showers Co., 1126 


JOINTS, EXPANSION 
(See Jffxpaneion Joints) 


LIME SCALE CONTROL 
Vinco Co., Inc., The, 1202-1203 


LIQUID LEVEL CONTROLS 

Alco Valve Co., 1223 
Combustion Control Corp., 1073 
General Controls, 1226-1227 
HubbeU Corp., The, 1230 
Johnson Service Co., 1232-1233 
McDonnell & Miller, Inc , 1204-1206 
Merooid COrpj, The, 1234 
Minneapolis-lioneywell Regulator 
Co., 1236-1237 


Powers Regulator Co , The, 1230 
Sarco CJo., Inc., 1330-1331 
Spence Engineering Co., Inc., 1240 
Swartwout Co., Th^ 1180 
Taylor Instrument Cos., 1242 


LIQUID LEVEL GAGES (See 
doges, Liquid^Leoel) 


LOUVERS (See Orilles, Registers) 

American Coolair Corp^ 1163 
American Foundry & Furnace Co., 
1040-1040 

Auer Register Co., The, 1103 
Barbor-C^lman Co., 1104 
Dole Valve Co., The, 1338 
General Blower Co., 1161 
Hart & Cooley Mfg. Co., 1108-1100 
Hastings Air Conditioning Co., Inc., 
1038 

Hendrick Mfg. Co., 1200-1201 
Independent Register Co., The, 1202 
Minneapolis- Honeywell Regulator 
Co.. 1236-1237 

P3de-NBtional C3o., The, (Multi- 
Vent Div.), 1204-1205 
Register & Grille Mfg. Co., Inc., 
1206 

Rock Island Register Co., 1207 
Standard Stamping & Perforating 
Co., 1208 

Stewart Mfg. Co., Inc., 1200 
Titus Mfg. Corp., 1212 
Tuttle & Bailey, Inc., 1210-1211 
United States Air Conditioning 
Corp., 1042 

UnitM States Gj^psum Co., 1368- 
1360 


MECHANICAL DRAFT APPA- 
RATUS (See Blowers, Forced 
Draft) 

General Blower Co^ 1161 
J. F. Pritchard & C^o., 1131 
Westinghouse Electric Corp., Stur- 
tevant Div., 1176-1183 


MECHANICAL DRAFT COOL- 
ING TOWERS (See Cooling 
Towers, Forced Draft, Induced 
Draft) 

Binks Mfg. Co., 1128-1120 
Mario Coil Ck)., 1140 
J. F. Pritchard & Co., 1131 
Water Ckraling Equipment Co., 1132 


METERS, Air 

Anemostat Corp. of America, 1100- 
1101 

Illinois Testing Laboratories, Inc., 
1231 

Minneapolis-Honeywell Regulator 
Co., 1236-1237 


METERS, Flow 

Minneapolis-Honeywell Regulator 
Co., 1236-1237 


METERS, Steam 
Minneapolis-Honeywell Regulator 
Co., 1236-1237 


MOTORS, Damper 
Minneapolis-Honeywell Regulator 
Co., 1236-1237 


MOTORS, Electric 
Aldrich Co., 1245 
Louis Allis Co., The, 1186 
Allis-Chalmers Mfg. Co., 1046-1047 
General Electric Co., (Schenectady, 
N. Y.), 1184-1186 

Prppellair Div., Robbins A Myers, 
Inc., 1169 

Wagner Electric Corp., 1187 
Westinghouse Electric Corp., Bos 
868, Pittsburgh, 1176-1183 


MOUNTINGS, Vlbratioii Con- 
trol 

Bushings, Inc., 1354 


NOISE ELIMINATORS (See Tub- 
W Flexible: Sound Deadeners: 
Vibraium Absorbers) 


NOZZLES, Air Washing, Brine 
Spraying, Humidifying, Oil 
Burner, Water Cooling (See 
Spray Nosdes) 


NOZZLES, Oil Burner 
Automatic Burnn* Com., 1279 
Monarch Mfg. Works, me., 1135 


OIL BURNER MOTORS (See 
Motors, Electric) 


OIL BURNER TUBING, Flezible 

(See Tubing, FlexiOs, Metallic) 


OIL BURNERS 
Bryan Steam Corp , 1248 


OIL BURNERS. Automatic 

Ace Engineering Co., 1278 
American Radiator & Standard 
Sanitary Corp., 1246-1247 
Automatic Burner Corp., 1279 
Enterprise Engine & Foundry Co., 
1282 

General Electric Co. (Bloomfield. 

N. J.), 1036-1037 
S. T. Johnson Co.. 1284-1285 
Johnston Bros., Inc., 1274 
H. C. Little Burner Co., 1283 
Mt. Hawley Mfg. Co., 1276 
L. J. Mueller Furnace Co., 1068-1050 
Pacific Steel Boiler Div., U. S. 

Radiator Corp., 1258 
Petroleum Heat & Power Co., 12S6- 
1287 

Rheem Mfg. Co., 1062 
Webster Engineering Co., The, 1173 
Williams Oil-O-Matic Div., Eureka 
Williams Corp., 1290 


OIL BURNERS, Pressure Atom- 
izing 

Aldrich Co., 1245 
Automatic Burner Corp., 1279 
Combustion Equipment Div., Todd 
Shipyards Corp., 1281 
Crane Co. 1250-1261 
General Electric Co., (Bloomfield, 
N. J.), 1036-1037 
8. T. Jonnson Co., 1284-1286 
Johnston Bros., Inc., 1274 
Mt. Hawley Mfg. Go., 1276 


Numerals following Manufacturers* Names refer to pages in the Catolog Data Section 
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L.J.UtMlhiFuniMeCo...«%10n ORNAMENTAl. OSItLBS (8m PIPE FITTINGS (8m Hmm, 


Pa^o Sted Boiler Div., U. 8. D^fi§cHon Mlea, OWUm, Rtgiittrt 
i BacUator Corp., 1358 and Omamsntal ilttal Wmk, Leu- 

etroleum Heat k Power Co., 1288- vare, RtguUrt) 

1287 

United States Radiator Corp., 1269- 
1260 _ , PANEL HEATING 

* C|«» Co.. 1260-1*51 

Williams Corp., 1290 Pan-L-Hekt Corp., 1298 


PANEL HEATING 


PIPE, Fumaoes (Sm Fumaee 
Pipe) 


PIjre HANGERS (Ssf Hangen 
Pipe) 


OIL BURNERS, Rotary 

Aoe Engineering Co., 1278 
C^bustion Equipment Div., Todd 
Shipyards Corp., 1281 
Entcrmise Engine & Foundry Co., 
1282 

8. T. Johnson Co., 1284-1286 
Johsaton Bros., Ino., 1274 
Petroleum Heat & Power Co., 1286- 
1287 


OIL BURNERS, Steam Atomiz- 
ing 

Babcock & Wilcox Co., The, 1262 
Combustion Equipment Div., Todd 
Shipyards Corp., 1281 
8. T. Jfohnson Co.. 1284-1286 
Webster Engineering Co., The, 1277 


PANELS. Air Distributing 
Pyle-National Co., The, (Multi- 
Vent Div.), 1204-1206 
Standard Stamping & Perforating 
Co., 1208 


PERFORATED METALS 
Hendrick Mfg. Co., 1200-1201 
Pyie-NationAi Ck>., The, (Multi- 
Vent DivO, 1204-1205 
Register & Grille Mfg. Co» Ino., 1206 
Standard Stamping & Perforating 
Co.. 1208 

UnitM States Registw Co.. 1213 


PILLOW BLOCKS 
Bushings, Ino., 1364 
Lau Blower Co., The, 1166 


PIPE. Lead 

Eagle-Pieher Co., The, 1367 
PIPE, Returns 

GrinneU Co.. Ino., 1077, 1318-1219 

PIPE. Spiral Welded 
Taylor Forge & Pipe Works, 1221 

PIPE, Steel 

Condenser Service 8c Engineering 
Co.. 1137 

Farrar & Trefts, Inc., 1268 
GrinneU Co.. Ino., 1077, 1218-1219 
National Tube Co., 1216 


OIL BURNERS, Vaporizing 

H. C. Little Burner Co., 1383 
L. J. Mueller Furnace Co., 1068-1069 


OIL BURNERS, Variable Capac- 
ity 

Combustion Equipment Div., Todd 
Shipyards Corp., 1281 
Ente^riae Engine 8c Foundry Co., 
Burner Div., 1282 


PILOTS. Safety 

Detroit Lubricator Co., Div. of 
American Radiator & Standard 
Sanitary Corp., 1224-1226 
General (Jontrols, 1226, 1227 
Minneapolis- Honeywell Regulator 
Co., 1238-1237 

White-Rodgers Electric Co., 1244 

PIPE ANCHORS 

GrinneU Co., Ino., 1077, 1218-1219 


PIPE SUPPORTS, For Under- 
ground Conduits 
Rio-wiL Co., The, 1346 


PITOT TUBBS {See Air Measuring 
and Recording Inetrumente) 


PLASTER BASE, Fire Retarding 
Celotes Corp., The, 1365 
Johns-Manialle, 1389-1361 
United States Gypsum Co., 1388- 
1369 


OIL BURNING EQUIPMENT 

Ace Engineering Co., 1278 
Automatic Burner Corp., 1279 
Combustion Equipment Div., Todd 
Shipyards Corp., 1281 
Enterprise Engine 8c Foundry Co., 
1282 

General Electric Co., (Bloomfield, 
N. JX 1038-1037 

Meyer Furnace Co., The, 1056-1067 
Mt. Hawley Mfg. Co., 1276 
Petroleum Heat 8c Power Co., 1288- 
1287 

Webster Engineering Co., The, 1277 


PIPE BENDING 
Acme Industries, Inc., 1136 
Dravo Ck>rp., 1068-1009 
GrinneU Co., Inc., 1077, 1218-1219 
Mueller Brass Co., 1100 1101 
Parks-Cramer Co., 1040 


PIPE. Brass 

American Brass Co., The, 1098-1099 
Condenser Service 8c Engineering 
Co., 1137 

Revere Copper 8c Brass, Inc., 1097 


PLASTER BASE, Insulative 
InsuUte. 1358-1369 
Johns-Manville. 1360-1361 
United States Gypsum Co., 1368- 
1369 

Wood Conversion Co., 1370 


PLASTER BASE, Sound Dead- 
ening 

Celotex Corp.. The, 1366 
Johns-Manville, 1360-1361 
Wood Conversion Co., 1870 


OIL BURNING SYSTEMS (In- 
dnstrlal) 

Combustion Equipment Div., Todd 

S. T.^hnson Co.,’ 1284-1285 
Petroleum Heat 8c Power Co., 1386- 
1287 

Ray Oil Burner Co., 1288-1289 

OIL TANK GAGES {See Oagee, 
Tank) 


ORIFICES, Radiator 

C. A. Dunham Co., 1316- 1320 
Illinois Engineering Co., 1328-1327 
Minneapolis- HoneyweU Regulator 
Co.. 1238-1237 

H. A. Thrush 8c Cq» 1300-1801 
Warren Webster 8c Co., 1382-1826 


PIPE CONDUITS {See Conduits. 
Underground Pipe) 


PIPE, Copper 

American Brass Co., The, 1098-1099 
Condenser Service 8c Engineering 
Co., 1187 

Mueller Brass Co., 1100-1101 
Revere Copper 8c Brass, Inc., 1097 


PIPE COVERING (Sss Coeoring, 
Pipe) 


PIPE, Fabricated 

Dravo Corp., 1068-1069 
GrinneU Co.. Inc.. 1077, 1218-1219 
Arthur Harris 8c Co., 1220 


PLATES, Stainless Steel 
Armoo Steel Corp., 1216 
Camegie-Ulinois Steel Corp., 1216 
United States Steel Corp., Sub., 
1216 


PLATES. Steel 

Armoo Steel Corp., 1216 
Standard Stamping & Perforating 
Co., 1208 

United States Sted Corp., Sub., 
1316 


PRECIPITATING EQUIPMENT 

Rasrtheon Mfg. Co., 1120 
iSion, Ino., 1126 

Westinghouae Eleotrio Corp., Stur- 
tevaat Div., 1176-1188 


Please mention THE OUIDB 1949 when writing to Adfertlaen 
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PKIHE&TBRS. Fuel OU 

Abb En^Mrins Co., 1S78 
Bdl & OonoitCo^ ia9MSB7 
Pattcnon-Kdley Co., The, 1188 
H. A. Thrueth & Co.. 1800-1801 
Weetern Blower Co., 1176 

PRESSURE REDUaNG 

VALVES (8m Regidaton, Fret- 
•un) 


PROCESS HEATING UNITS 
Air Devioee, lno» 1104, 1102 
Niegara Blower Co.. 1030 
Co., The, 1000-1001 
L. J. Wing Mfg. Co., 1003-1005 


PROCESS HEATING UNITS, 
Fluid Heatind and Goollnd 
Amerioan Hydrotherm Corp., 1802 


PUBfPS, Bffna 

Allis-Chalmen Mfg. Cq» 1046-1047 
Buffalo Pumpa, Ino., 1808 
Chicago Pump Co., 1804 
Domestic Engine & Pump Co., 1805 
Ingenoll-Rand, 1308 
Worthington Pump & Machinery 
Corp., 1044-1045 


PUMPS, Centrifugal 
Allia-ChalmerB Mfg. Co., 1046-1047 
Bell & Gossett Co., 1206-1207 
Buffalo Pumps, Inc., 1803 
Chicago Pump Co., 1804 
Condenser So^rice & Engineering 
Co., Ine^ 1187 

Domestic Engine & Pump Co., 1306 
C. A. Dunham Co., 1316-1320 
Ingersoll-Rand, 1308 
Sterling, Inc., 1241 
Trane Co., The, 1000-1001 
Worthington Pump & Machinery 
Corp.. 1044-1045 


PROPELLER FANS (See Fane. 
PropdUr) 


PSYGHROMETERS (See Air 
Utaauringt IndietUing and Re- 
cording Inatrummta) 

American Moistening Co., 1133 
Illinoia Testing Lalmratories, Inc., 
1281 

Minncapolia-Honeywell Regulator 
Co., 1236-1237 

Moeller Instrument Co.. 1235 
Etablisaementa Neu, 1203 
Parks-Cramer Co., 1040 
Taylor Instrument Cos., 1242 


PUBLICATIONS 
American Artisan, 1370 
Amerioan Society of Refrigerating 
En^een, 1876 
Coal-HMt, 1377 
Domestic Engineering, 1378 
Heating & Ventilating, 1880 
HMtin^^iping and Air Condition- 

Plum’bing and Heating Journal, 
1381 

Sheet Metal Worker, 1381 


PULLEYS, Chain (See Chain) 
Hart & Cooley Mfg. Co., 1108-1100 


PUMPS, Circulating (See Ctr- 
eulaton) 

Allis-Chalmen Mfg. Ck>., 1046-1047 
Bell & Gossett Co., 1206-1207 
Buffalo Pumps, Inc., 1303 
Chicago Pump Co., 1304 
Domestic Engine & Pump Co., 1306 
Ingeraoll-Rand, 1204 
Jas. P. Manh ^rp., 1328-1329 
Trane Co.. The, lMO-1001 
Westinghouae Electric Corp., Box 
808. Pittaburgh, 1176-1183 
Worthington Pump & Machinery 
Corp., 1044-1045 


PUMPS. Condensation 


Allis-Chalmen Mfg. Co^ 1046-1047 
Buffalo Pumps, Inc., 1303 
Chicago Pumps Co., 1304 
Condenser Service & Engineering 
Co., Ino., 1137 
Crane Co., 1256-1251 
Domestic Engine & Pump Co., 1305 
C. A. Dunham Co., 1316-1320 
Hoffman Specialty Co., 1322-1325 
Ingersoll-Rand, 1308 
Nash Engineering Co., The, 1306- 
1307 


Propellsir Div., Robbins & Myen, 
Ino., 1160 
Sterling, Inc.. 1241 
Trane Co., Tto, 1090-1091 
Westinghouae Electric Ck>rp., Box 
868, Pittsburgh. 1176-1183 


PUMP MOTORS (See Mofon, 
Electric) 


PUMPS, Ammonia 
Worhington Pump & Machinery 
Corp., 1044-1045 


PUMPS, BoUer Feed 
Allia-Chalmers Mfg. Cq» 1046-1047 
Buffalo Pumps, Ino., 1803 
Chicago Pump Co., 1804 
Condenser Serrios & Engineering 
Co., 1137 

Crane Co. J250-1261 
Domestic Engine & Pump Co., 1805 
C. A. Dunham Co., 1816-1320 
Hoffman Specialty Co., 1322-1825 
Ingenoll-Rand, 1308 
Nash Engineering Co., The, 1806- 
1807 

Bpenea Engineering Co., Ino., 1240 


PUMPS, Fuel OU 
Ace Engineering Co., 1278 
Condenser Swvioe & Engineering 
Co., 1187 

Detroit Lubricator Co., Div. of 
American Radiator & Standard 
Sanit^ Corp., 1224-1225 
IVopellair Div., Robbins & Myen, 
In^ 1160 

Ray Oil Burner Co., 1288-1280 


PUMPS, Sump 

AUis-Chalmere Mfg. Co., 1046-1047 
Buffalo Pumps, Ino., 1308 
Chicago Pump Co., 1304 
Domestic Engine & Pump (>>., 1805 
Jas. P. Marsh Cm.. 1328-1329 
Propellair Div., Robbins & Myen. 
Inc., 1169 


PUMPS, Turbine 
Chicago Pump Co., 1804 


PUMPS. Vacuum 
Allis-Chalmen Mfg. Co., 1046-1047 
Chicago Pump Co., 1804 
Domestic Engme & Pump Co., 1305 
C. A. Dunhim Co., 1316-1320 
Hoffman Specialty Co., 1322-1325 
Nash Engineering Co., The, 1306- 
1307 


Sterling, Inc., 1241 
Worthington Pump & Machinery 
Corp., 1044-1045 


PURGERS, Refrigeration 
Armstrong Machine Works, 1312-1313 


PYROMETERS, Portable and 
Stationary 

Illinois Testing Laboratories, 1281 
Minneapolis-Honeywell Regulator 
Co., 1236-1237 


RADIANT HEATING 
Burnham Corp., 1240 
Crane Co., 1256-1251 
Pan-LrHeat Corp., 1298 
United States RMiator Corp., 1205- 
1260 


RADIATION, Aluminum 
Infra Insulation, Inc., 1372 
Trane Co., The, 1000-1001 


RADIATION, Baseboard, Fbr- 
roua 

American Radiator & Standard 
Sanitary Corp., 1246-1247 
Burnham Ck>rp., 1249 
Crane Co., 1250-1251 
C. A. Dunham Co^ 1316-1320 
H. B. Smith Co., Inc., The, 1253 
Vulcan Radiator Co., The, 1145 


RADIATION, Baseboard, Non- 
ferrous 

C. A. Dunham Co., 1316-1320 
Rome-Tumey Radiator Co., The, 
1143 

United States Radiator Corp., 1256- 
1260 

Vulcan Radiator The, 1145 
Warren Webeter 6c Co., 1332-1835 


RADIATION. Cast-Iron 
American Radiator & Standard 
Sanitary Corp., 1246-1247 
Burnham Corp., 1249 
OaneCo., 1250-1251 
D. J. Murray Mfg. Co., 1081 
National Radiator Co., The, 1254- 
1255 

Pan-L-Heat Corp., 1208 
United States Radiator Corp., 1256- 
1260 

Weil-McLain Co., 1261 


RADIATION, Copper 
Airtherm Mfg. Co., 1068 
C. A. Dunham Co., 1816-1320 
Feddecs-Quigan Corp., 1076 
Modine Mfg. Co., 1084-1085 
Rome-Turney Radiator Co., The, 
1143 

Shaw-Perkins Mfg. Co., 1144 
Trane Co., Th^ 1000-1001 
Westinghouae Electric Corp., Stur- 
tevant Div., 1176-1183 


Nnmerals following Maaufacturen* Namei refer to pagea In the Catalog Data Section 
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RADUTION, Plain and Ei- 
tended Suiface 

Feddera-Quigan Corp., 1070 
Infra Insulation, Inc., 1372 
Modine Mfg. Co., 1084-1085 
Pan-L-Heat Corp., 1208 
Rome-Tumey Radiator Co., The, 
1143 

Shaw-Perkins Mfg. Co., 1144 
H. B. Smith Co., Inc., The, 1263 
Vulcan Radiator Co., The, 1145 
Warren Webster & Co., 1332-1335 


RADIATOR ENCLOSURES 
AND SHIELDS 

American Flange 5c Mfg. Co., Inc., 
1371 

H. J. Somers, Inc., 1122-1123 
Standard Stamping 5c Perforating 
Co., 1208 


RADIATOR HEAT REFLEC- 
TORS 

Infra Insulation Inc., 1372 


RADIATORS, Cabinet 

Crane Co.. 1260-1251 
C. A. Dunham Co., 1316-1320 
Fedders-Quigan Corp., 1076 
Modine Mfg. Co., 1084-1085 
Rome-Turney Radiator Co., The, 
1143 

Shaw-Perkins Mfg. Co., 1144 
United States Radiator Corp., 1260- 
1260 


RADIATORS. Concealed 

Crane Co., 1250-1251 
C. A. Dunham Co., 1316-1320 
Fedders-Quigan Corp., 1076 
Modine Mfg. Co., 1084-1085 
Rome-Turney Radiator Co., The, 
1143 

Wanen Webster 5c Co., 1332-1336 


RANGES (Cookina, Hotel, Hos- 
pital, etc.) 

Air Devices, Inc., 1104, 1162 
Ray Oil Burner Co., 1288-1289 


RECEIVERS, Air 

Farrar 5c Trefts, Inc., 1268 
Joy Mfg. Co., 1164-1165 
Worthington Pump 5c Machinery 
Corp., 1044-1045 


RECEIVERS, Condensation 

Hoffman Specialty Co., 1322-1325 
Rlinois Engineering Co., 1326-1327 
Morehead Mfg. Co., 1336 
Worthington Pump 5c Machinery 
Corp., 1044-1045 


RECEIVERS. Refrigerants 

Acme Industries, Inc., 1136 
Baker Refrigeration Corp., 1146 
Frick Co., Inc., 1148 
Mario CoU Co., 1149 
Westinghouse Electric Corp., Stur- 
tevant Div., 117Ckll83 
Worthington Pump A Machinery 
Corp., 1044-1045 


RECORDERS, Humidity, Tem- 
perature 

American Moistening Co., 1133 
Electric Auto-Lite Co., The, In- 
strument 5c Gauge Div^ 1228 
Minneapolis- Honeywell Regulator 
Co., 1236-1237 

Moeller Instrument Co., 1235 
Powers Regulator Co., The, 1239 


REFRACTORIES, Cement, Ma- 
terials 

Armstrong Cork Co. (Building Ma- 
teriiJs Div.), 1352 
Bal^k 5c Wilcox Co., The, 1262 
Philip Carey Mfg. Co., The, 1340- 
1341 

Johns-Manville, 1360-1361 
Grant Wilran, Inc., 1342 


REFRIGERATING EQUIP- 
MENT. Centrifugal 
Carrier Corn., 1032-1033 
Trane Co., The, 1090-1091 
York Corp., 1043 


REFRIGERATING EQUIP- 
MEOT, Steam Jet 
Condenser Service 5c Engineering 
Co., Inc., 1 137 
Ingersoll-Rand, 1308 


REFRIGERATING MACHIN- 
ERY 

Airtemp Div., Chrysler Corp., 1C64- 
1055 

Baker Refrigeration Corp., 1146 
Carrier Corp., 1032-1033 
Curtis Refrigerating Machine Div., 
of Curtis Mfg. Co., 1147 
Frick Co.j^Inc., 1148 
General Electric Co. (Bloomfield, 
N. J.), 1038-1037 

General Refrigeration, Div., Yates- 
American Mch. Co., 1035 
Niagara Blower Co., 1039 
Trane Co,, The, 1(^0-1091 
Westinghouse Electric Corp., Stur- 
tevant Div., 1176-1183 
York Corp., 1043 


REFRIGERATION CONTROLS 
Alco Valve Co., Inc., 1223 
Detroit Lubricator Co., Div. of 
American Radiator & Standard 
Sanita^ Corp., 1124-1225 
General Controls, 1226-1227 
General Electric Co. (Bloomfield, 
N. J.), 1036-1037 
Hubbell Corp., Tlie, 1230 
Mercoid Corp^ The, 1234 
Minneapolis-Iioneywell Regulator 
Co., 1236-1237 

Penn Electric Switch Co., 1238 


REGISTERS (See OHllea, Louvera) 
American Foundry & Furnace Co., 
1048-1049 

Auer Register Co., The, 1193 
Barber-Colman Co., 1194 
Dole Valve Co., The, 1338 
Hart 5c Cooley Mfg. Co., 1198-1199 
Hendrick Mfg. Co , 1200-1201 
Independent Register Co., The, 
1202 

Minneapolis-Honeywell Regulator 
Co., 1236-1237 

Pyle-National Co,, The, (Multi- 
Vent Div.), 1204-1205 
Register 5c Grille Mfg. Co., Inc., 
1206 


Rook Island Register Co., 1207 
Standard Stamping 5c Perforating 
Co., 1208 

Stewart Mfg. Co., Inc., 1209 
Titus Mfg. Corp., 1212 
Tuttle 5c Bailey, Inc., 1210-1211 
United States Air Conditioning 
Corp., 1042 

United States Gypsum Co., 1368- 
1369 

Young Regulator Co., 1214 


REGULATORS. Air Volume 
Barber-Colman Co., 1 194 
Minneapolis- Honeywell Regulator 
Co., 1236-1237 

Powers Regulator Co., The, 1239 
Standard Stamping 5c Perforating 
Co., 1208 


REGULATORS, Damper 
Barber-Colman Co., 1194 
Hart 5c Cooley Mfg. Co , 1198-1169 
Johnson Service Co., 1232-1233 
Minneapolis-Honeywell Regulator 
CO.J236-1237 

Powers Regulator Co., The, 1239 
Spence Engineering Co., Inc., 1240 
Trane Co., The, 1000- 1091 
Warren Webster 5c Co., 1332-1335 
White-Rodgers Electric Co., 1244 
Young Regulator Co., 1214 


REGULATORS, Evpaorator 
Pressure 

Alco Valve Co^ 1223 
Henry Valve Co., 1229 
Hubl^li Corp., The, 1230 
Whito-Rodgers Electric Co., 1244 


REGULATORS, Feed Water 
McDonnell & Miller, Inc., 1294-1295 
SarcoCo.,Inc., 1330-1331 
Swartwout Co., The, 1180 


REGULATORS, Furnace 

Hart 5c Cooley Mfg. Co., 1198-1100 
Minneapolis-Honeywell Regulator 
Co.. 1236-1237 

White- Rodgm Electric Co., 1244 


REGULATORS, Gas 
General Controls, 1226-1227 
Minneapolis-Honeywell Regulator 
Co., 1236-1237 

Penn Electric Switch Co., 1238 
Webster Engineering Co., The, 1277 


REGULATORS, Humidity (See 
Humidity Control) 


REGULATORS, Pressure 
Barber-Colman Co., 1104 
Bell 5c Gossett Co., 1296-1297 
C. A. Dunham Co., 1316-1320 
General Controls, 1226-1227 
Henry Valve Co., 1220 
Hoffman Specialty Co., 1322-1325 
Hubbell Corp., The, 1230 
Illinois Engineering Co., 1326-1327 
Jas. P. Manh Corp., 1328-1320 
McDonnell 5c Millw, Inc., 1204-1295 
Mercoid Corp., The, 1234 
Monarch Mfg. Works, Inc., 1135 
Powers Regulator Co., The, 1230 
Spence Engineering Co., Inc., 1240 
Swartwout Co., Th^ 1180 
Taylor Instrument Cos., 1242 
H. A. Thrush 5c Co., 1300-1301 


Please meatioii THE GUIDE 1949 when writinf to AdTertlserg 
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Webster Engineering Co., The, 1277 
White-Rodgera Electric Co., 1244 

REGULATORS, Remote Con- 
trol 

White-Rodgers Electric Co., 1244 

REGULATORS. Temperature 

(See Temperature Contrd) 


REGULATORS, Time Controls 
General (Dontroh, 1226-1227 
White-Rodgers Electric Co., 1244 


RELIEF VALVES (See Valvee, 
Rdief) 


ROOF COOLER 
April Showers Co., 1126 
Mueller Brass Co., 1 100-1 101 

RUST INHIBITOR 
Vinco Co., Inc., The, 1202-1293 

RUST AND SCALE REMOVER 
Vinco Co., Inc., The, 1292-1293 

SAFETY VALVES (See Values, 
Safely) 


SEPARATORS. Air 

Dollinger Corp., 1116-1117 

SEPARATORS. Dust 

Dollinger Corp., 1116-1117 
Raytheon Mfg. Co., 1120 

SEPARATORS, Oil 

Air-Mase Corp., 1106-1107 
Condenser SotvIoo & Engineering 
(5o., Inc., 1137 
Dollinger (jorp., 1116-1117 
Illinois Enginering Co., 1326-1327 
Warren Webster & Co., 1332-1336 


SEPARATORS. Refrigerant Oil 
Acme Industries, Inc., 1136 
Frick Co., Inc., 1148 


SEPARATORS, Steam 
Farrar & Trefts, IncM 1268 
Illinois Engineering Co., 1326-1327 
Swartwout Co., The, 1189 
Warren Webstw & Co., 1332-1335 


SHEETS. Aluminixed Steel 
Armco Steel Corp., 1215 

SHEETS, Asbestos. Flat and 
Corrugated 

Philip Carey Mfg. Co., The, 1340- 
1341 

Johns-Manville. 1366-1361 
Grant Wilson, Inc., 1342 

SHEETS, Copper Alloy 
American Brass Co^, The, 1098-1099 
Revere Copper & Brass, Inc., 1097 


SHEETS. Copper Bearing Steel 
Armco Steel Corp., 1215 
Camegie-Illinois Steel Corp., 1216 
United States Steel Corp., Sub., 
1216 


SHEETS. Gal^nized 
Armco Steel Corp., 1215 
Carnegie-lllinois Steel Corp., 1216 
United States Steel Corp., Sub., 
12|6 


SHEETS, High Tensile 
Camegie-Illinois Steel Corp., 1216 
United States Steel Corp., Sub., 
1216 


SHEETS, Special Finish 
Armco Steel Ck>rp., 1215 
Carnegie-lllinois Steel Corp., 1216 
United States Steel Corp., Sub., 
1216 


SHEETS, Stainless Steel 
American Flange & Mfg. Co., Inc., 
1371 

Armco Steel Corp., 1215 
Carnegie-lllinois Steel Corp., 1216 
United States Steel Corp., Sub., 
1216 


SHEETS. Steel 

American Flange & Mfg. Co., Inc., 
1371 

Armco Steel Corp., 1215 
Carnegie-lllinois Steel Corp., 1216 
United States Steel Corp., Sub., 
1216 


SHUTTERS, Automatic 
Air Controls, Inc., Div. of The 
Cleveland Heater Co., 1151 
American Coolair Corp., 1153 
Dole Valve Co., The, 1338 
General Blower Co., 1161 
Ilg Electric Ventilating Co., 1078, 
1163 

Minneapolis- Honeywell Regulator 
Co., 1236-1237 

Herman Nelson Corp., The, 1086- 
1087 

New York Blower Co., The, 1168 
Standard Stamping & Perforating 
Co., 1208 

Westinghouse Electric Corp., Stur- 
tevant Div., 1176-1183 
L. J. Wing Mfg. Co., 1093-1095 


SKYLIGHTS, Insulated 
American 3 Way-Luxfer Prism Co., 
1348 


SMOKE DETECTORS {For Air 
Conditioning Systems) 
Photoswitch, Inc., (Affiliate of 
Combustion Control Corp.), 1073 


SOOT DESTROYER 
Vinco Co., Inc., The, 1292-1293 


SOUND DEADENING, Insula- 
tion 

Celotex Corp, The, 1355 
Crawford-Austin Mfg. Co., 1356 


Insulit^ 1368-1359 

Insul-Mastic Corp. of America, 1364 
Johns-Manvill^ 1360-1361 
Mundet Cork Corp., 1366 
Pacific Lumber Co., The, 1367 
Wood Conversion Co., 1370 


.SOUND DEADENING (See Vt- 
bration Absorbers) 


SPRAY DRYER (See 
Equipment) 


SPRAY EQUIPMENT 

April Showers Co,, 1126 
Monarch Mfg. Works, Inc.. 1135 
D, J. Murray Mfg. Co., 1081 
J. F. Pritchard & Co., 1131 
Westinghouse Electric Corp., Stur- 
tevant Div., 1176-1183 
Yarnall- Waring Co., 1337 


SPRAY NOZZLE COOLING 
SYSTEM 

April Showers Co., 1126 
Binks Mfg. Co., 1128-1129 
Marley Co., Inc., The, 1130 
Monarch Mfg. Works, Inc., 1135 
D. J. Murray Mfg. Co., 1081 
J.. F. Pritchard & Co., 1131 
United States Air Conditioning 
Corp.. 1042 

Westinghouse Electric Corp., Stur- 
tevant Div., 1176-1183 
Yarnall-Waring Co., 1337 


SPRAY NOZZLES 
American Moistening Co., 1133 
April Showers Co., 1126 
Bahnson Co., The, 1030-1031 
Binks Mfg. Co., 1128-1129 
Buffalo Forge Co., 1166 
Marley Co., Inc., The, 1130 
Jos. A Martocello & (Jo., 1134 
Monarch Mfg. Works, Inc., 1135 
Mueller Brass Co., 1100-1101 
D. J. Murray Mfg. Co., 1081 
J. F. Pritchud & Co., 1131 
Water Cooling Equipment Co.. 
1132 

Westinghouse Electric Corp., Stur- 
tevant Div., 1176-1183 
Yarnall Waring Co., 1337 


STACKS, Steel 

Condenser Service & Engineering 
Co., Inc., 1137 
Farrar & Trefts, Inc., 1268 


STEAM GENERATORS. Unit 
Combustion Engineering-Super- 
heater, Inc., 1265 
Cyclotherm Corp., 1280 
Foster Wheeler Corp., 1127 
Johnston Brothers Inc., 1274 
Worthington Pump & Machinery 
Corp, 1044-1045 


STEAM HEATING SYSTEMS 
(See Heating SysUmSt Steam) 
STOKER MOTORS (See Motors, 
Electric) 


STOKERS. Mechanical, Anthra- 
cite 

Combustion Engineering-Super 
heater, Inc., 1265 


Numeral! following Manufacturer!’ Names refer to pages in the Catalog Data Section 
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Condenaer Service & Engineering 
Co., Inc., 1137 


STOKERS. Medianlcal Bitu- 
minous 

Brownell Co., The, 1264 
Combustion Engineering-Super- 
heater, Inc., 1265 

Condenser Sffvice & Engineering 
Co., Inc., 1137 
Crane Co., 1250-1261 
Meyer Furnace Co., The, 1056-1067 
Rheem Mfg. Co.. 1062 
Westinghouse Electric Corp., Box 
868, Pittoburgh. 1176-1183 


STRAINERS. Dirt 
V. D. Anderson Co., The, 1310-1311 
Armstrong Machine Works, 1312- 
1313 

C. A. Dunham Co., 1310-1320 
Hoffman Spwialty Co., 1322-1326 
llUnoiB Engineering Co., 1320-1327 
Sarco Co., Inc., 1330-1331 
Standard Stamping & Perforating 
Co., 1208 

Sterling, Inc., 1241 

Warren Web^ & Co., 1332.1335 


STRAINERS. Oil 
Ace Engineering Co., 1278 
Armstrong Machine Works, 1312- 
1313 

Bell & Goesett Co., 1290-1207 
Condenser Service & Enginering 
Co., Inc., 1137 

Detroit Lubricator Co., Div. of 
American Radiator & Standard 
Sanitary Coip., 1224-1225 
Monarch Mfg. Works, Inc., 1135 
Sarco Co., Inc., 1330-1331 
Spence Engineering Co., Inc., 1240 
Standard Stamping ic Perforating 
Co.., 1208 


STRAINERS, Refrigerant 
Alco Valve Co., 1223 
Detroit Lubricator Co., Div. of 
American Radiator & Standard 
Sanitary Corp., 1224-1225 
General Controls, 1220-1227 
Henry Valve Co» 12291 
Hubbell Corp., The, 1230 
Sarco Co., Inc., 1330-1331 


STRAINERS. Steam 
Alco Valve Co., 1223 
V. D. Anderson Co., The, 1310-1311 
Armstrong Machine Worlo, 1312- 
1313 

Crane Co., 1250-1251 
C. A. Dunham Co., 1316-1320 
Grinnell Co., Inc., 1077, 1218-1219 
Illinois Engineering Co., 1320-1327 
Sarco Co., Inc., 1330-1331 
Spence Engineering Co., Inc., 1240 
Sterling, Inc., 1241 
TVam Co., The, 1090-1091 


STRAINERS, Water 
Alco Valve Co., 1223 
V. D. Andersra Co., The, 1310-1311 
Armstrong Machine Works, il312- 
1313 

Condenser Service & Engineering 
Co., Inc., 1137 

Grinndl Co., Inc., 1077, 1218-1219 
Illinois Engineering Co., 1320-1327 
Monarch Mfg. Works, Inc., 1135 
Sarco Co., Inc., 1330-1331 


Spence EnMneering Co., Inc., 1240 
Inne Co.TThe, 1090-1091 
Yamall-Waring Co., 1337 


SWITCHES, Electric and Time 
General Electric Co. (Schenectady, 
N. Y.), 1184, 1185 
White-Rodgers Electric Co., 1244 


SWITCHES. Float 
Alco Valve Co., 1223 • 

General Eleotnc Co. (Schenectady, 
N. Y.), 1184-1185 

McDonndl & Miller, Inc., 1294- 
1295 

Westinghouse Electric Corp., Box 
868, Pittsburgh, 1170-1183 


SWITCHES, Flow Control 
McDonnell & Miller, Inc., 1294- 
1295 

Merooid Corp., The, 1234 


SWITCHES, Mercury 
General Electric Co. (Schenectady, 
N. Y.), 1184-1185 
Merooid Corp., The, 1234 


SWITCHES, Stack Safety 
Mercoid Corp., The, 1234 
Penn Electric Switch Co., 1238 
White-Rodgers Electric Co., 1244 


TANK COILS (See CoHa, Tank) 


TANK COVERING (See Coming, 
Pipe) 


TANK HEATERS (See Heatere, 
Tank) 


TANKS, Blow-off 

Bigelow Co., The. 1263 
Farrar & Trefhs, Inc., 1268 


TANKS. Pressure 
Bigelow Co., The, 1263 
Farrar 3c Trefts, Inc., 1268 
H. A. Thrush & Co., 1300-1301 
Tnne Co., The, 1090-1091 


TANKS, Storage 
Farrar 3c Trefts, Inc^ 1268 
National Radiator Cfo., The, 1254- 
1256 

Rheem Mfg. Co., 1062 
Western Blower Co., 1175 


TEMPERATURE CONTROL 
American Flange & Mfg. Co., Inc., 
1371 

Barber-Colman Co., 1194 
Condenaer Service & Engineering 
Co., Inc., 1137 
Crane Co., 1250-1251 
Detroit Lubricator Co., Div. of 
American Radiator 3c Standard 
Sanitary Corp., 1224-1225 
General Controls, 1220-1227 
Hoffman Specialty Co., 1322-1325 
Illinois Engineering Co., 1320-1327 
Illinois Testing Latxvatories, Inc., 
1231 


Johnson Service Co., 1232-1283 
Jaa. P. Manh Corp., 1328-1329 
Mercoid Corp» The, 1234 
Minneapolis-Honesrwell Regulator 
Co., 1230-1287 

Penn EleoMc Switch Co., 1238 
Powers Rmlator Co., The, 1289 
Sarco Co^nc., 1830-1381 
Spence Engineering Co., Inc., 1240 
Trane Co., The, 1090-1091 
Warren Webster & Co., 1832-1835 
White-Rodgers Electric Co. 1244 
Yarnall-Waring Gq^ 1337 
Young Regulator Co., 1214 


TEMPERING VALVES 
(See Valvee, Tempering) 


THERMOMETERS, Diatanoe 
Type 

Electric Auto-Lite Co., The. In- 
strument 3c Gauin Div., 1228 
Illinois Testing Laboratories, Inc., 
1231 

Johnson Service Co., 1232-1233 
Jas. P. Manh Corp., 1328-1329 
Minneapolia-Honeywell Regulator 
Co., 1236-1237 

Moeller Instrument Co., 1235 
Powers Regulator Co., The, 1239 
Sarco Co., Inc., 1330-1331 
Taylor Instrument Coe. 1242 
United States Gauge, 1243 


THERMOMETERS. Indicating 
Electric Auto-Lite Co., The, In- 
strument 3c Gauge Div., 1228 
Illinois Testing Laboratories, Inc., 
1231 

Johnson Service Co., 1232-1283 
Jas. P. Marsh Corp., 1328-1329 
Minneapolis- Honeywell Regulator 
Co., 1230-1237 

Moeller Instrument Co., 1235 
Powers Regulator Co., The, 1239 
Sarco Co., Inc., 1330-1381 
Taylor Instrument Cos., 1242 
United States Gauge, 1248 


THERMOMETERS, Recording 
Electric Auto-Lite Co., The. In- 
strument 3c Gauge Div., 1228 
Jas. P. Manh Corp., 1820-1320 
Minneapoli8-Hone3rwell Regulator 
Co., 1236-1237 

Moeller Instrument Co., 1285 
Powers Regulator Co., The, 1280 
Taylor Instrument Cos., 1242 
Unit^ States Gauge, 1243 


THERMOSTATS 
Barber-Colman Co., 1104 
Crane Co., 1250-1251 
Detroit Lubricator Co., Div. of 
American Radiator & Standard 
Sanit^ Co^., 1224-1225 
General Controls, 1226-1227 
Hoffman Spe^lty Gq^ 1822-1825 
Merooid Corp., The, 1284 
Minneapolis-Honeywell Regulator 
Co., 1236-1237 

Penn Ele^e Switch Co^l238 
Powers Regulator Co.. The, 1289 
Sarco CoTino.. 1330-1331 
H. A. Thrush k Co., 1800-1301 
Westinghouse Electric Corp., Box 
868, Pittsburgh 1170-1188 
White-Rodgen Electric Co., 1244 


TIME SWITCHES, (Sac SMkte, 

BUetrieani Time) 
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TbiMiii Eltctric, Interal 
Qtiiinl Etootrie Co., (Sohenootady, 
N. Y.), 1184-1186 

Photofwitoh, Ino , (Affiliate Com- 
buition Controla Corp.), 1078 
White-Rodiffn Eleotrio Co., 1244 

TIMERS, Electric, Sequence 
Combustion 0>ntr61 Corp., 1078 
Qeneral Eleetric Co., (Seheneotady, 
N. Y.), 1184-1186 
White^Rodsm Ekotrio Co., 1244 


TINPLATE 

Caniegie-IllinoiB Steel Corp., 1218 
United Btatei Sted Corp., Sub., 


TRAPS. Ltftiiuk 
Morehead Mfg. Co., 1880 


TRAPS, Radiator 
Barnes & Jonea, Ino., 1814 
Crane Co., 1260-1261 
C. A. Dunham Co., 1810-1820 
Grinnell Cq» Ind., 1077, 1218-1210 
WilUam S. H^ms & Co., 1821 
Hoffman Specialty Co., 1822-1826 
Illinois Encineering Co.. 1820-1827 
Jas. P. Marsh Corp., 1828-1829 
Saioo Co^ Ino., 1880-1881 
Sterling, Ino. 1241 
Trane Co.. The, 1090-1001 
United Btatei Radiator Corp., 
1260-1200 

Warren Webster k Co., 1882-1886 


Jas. P. Manh Corp., 1828-1820 
Monh^ Mfg. Co., 1880 

TUBES. Boiler 

Baboook k WilooK Tube Co., The 
1202 

Condenser Senrioe k Engineering 
t Co., Inc^, 1187 
d^ational Tube Co., 1210 

TUBES, Copper 

Amerioan Braai Co., Thob 1008-1000 
Condenser Service k Engineering 
Co., Ino., 1187 
Mueller Bnue Co., 1100-1101 
Revere Copper k Brass, Ine., 1007 


TOWERS, GooUng, (Sm Coding 
Totoon) 


TRANSFORMERS 
Aldrich Co., 1246 

Allis-Chalmers Mfg. Co., 1040-1047* 
General Controls. 1226-1227 
General Electric Co. (Schenectady, 
N. Y.), 1184-1186 
Raytheon Mfg. Co., 1120 
Wagner Electric Corp., 1187 
Westinghouee Electric Corp., Boa 
868, Pittsburgh, 1176-1188 


TRAPS. Air 

V. D. Anderson Co., The, 1310-1811 
Armstrong Machine Works, 1812- 
1313 


TRAPS. Boiler Feed 
Morehead Mfg. Co., 1386 


TRAPS, Bucket 

V. D. Anderson Co., The, 1310-1311 
Armstrong Machine Works, 1812- 
1313 

Crane Co., 1260-1261 
C. A. Dunham Co., 1316-1320 
Hoffman Specialty Co., 1322-1326 
Jas. P. Marsh Corp., 1828-1320 
SarooCo., Inc., 1380-1331 
Trane Co., The. 1090-1001 


TRAPS. Return 
Crane Co., 1260-1261 
C. A. Dunham Ck>.. 1316-1820 
William S. Haines & Co.. 1821 
Hoffman Specialty Co., 1322-1826 
Illinois Engineering Co., 1826-1827 
Jas. P. Manh Corp., 1321^1820 
Morehead Mfg. Co.. 1836 
Saroo Co., Ino., 1830-1831 
Trane Co., The, 1000-1001 


TRAPS. Scale 

Illinois Engineering Co., 1326-1827 
Saioo Co., Ino., 1880-1381 


TRAPS, Steam 

V. D. Andenon Co., The, 1810-1811 
Armstrong Machine Works, 1812- 
1818 

Barnes & Jones, Ine., 1314 
Crane Co.. 1260-1261 
C. A. Dunham Co., 1816-1820 
William S. Hainm k Co., 1821 
Hoffman Specialty Co., 1822-1326 
Illinois Engineering Co., 1326-1827 
Jas. P. Marsh Corp., 1828-1320 
Morehead Mfg. Co.. 1886 
Saroo Co., Ino., 1880-1831 
Trane Co., The, 1090-1001 
Warren Webster 6t Co , 1882-1886 
YarnaU-Waring Co., 1387 


TRAPS, Thermoatatlc 


TUBBS. Pitot (Sis A«r Mouuring 
ani Roeording Inatrumonio) 


TUBING, Aluminum 

Revere Copper k Brass, Ino., 1007 


TUBING. Copper 
American Brass Co., The, 1008-1000 
Condenser Service & Engineering 
Co., Ino., 1187 
Mueller Braa Co.. 1100-1101 
Revere Copper k Brass, Ino., 1007 


TUBING, Fabricated 
Condenser Service k Engineering 
Co., Ino., 1137 
Mueller Brass Co., 1100-1101 
Revere Copper k Brass, Ine., 1007 


TUBING, Finned 
Aerofin Com., 1180-1141 
Condenser Senrioe k Engineering 
Co., Ino., 1137 

Rome-Turney Radiator Co., The, 
1143 

Vulcan Radiator Co., The, 1146 


TUBING. FleiibleBletallic 
Amerioan Brass Co., The, 1008-1009 
Bushings, Ino.. 1364 
Chicago Metu Hose Corp., 1102, 
1217 


TRAPS. Float 

V. D. Andenon Co., The 1310-1311 
Annstrong Machine Works, 1812- 
1313 

Crane Co., 1260-1261 
C. A. Dunham Co.. 1816-1320 
Grinnell Co^ Ino., 1077, 1218-1219 
William S. Haines k Co., 1821 
Illinois Engineering Co., 1326-1827 
Jas. P. Manh Corp., 1328-1329 
Saroo Co., Ino., 1430-1331 
Trane Co., The, 1090-1001 


TRAPS, Float and Thermostatic 
V. D. Andenon Co., The. 1810-1311 
Barnes k Jones, Ino., 1814 
C. A. Dunham Co., 1316-1820 
GrinneU Cq» Ino., 1077, 1218-1210 
William S. Haines k Co., 1821 
Hoffman Bpeoialty Co., 1322-1826 
Illinois Engineering Co., 1826-1827 
Jas. P. Manh Corp., 1828-1820 
Powen Regulator Co.. The, 1280 
Saroo CoTlno., 1880-1881 
Sterling. Ino. 1241 
Trane Co., The, 1006-1001 
Wansn wibster k Co., 1882-1886 


Barnes k Jones, Ino., 1814 
Crane Co., 1260-1261 
C. A. Dunham Co., 1316-1820 
GrinneU Co., Ino., 1077, 1218-1219 
Hoffman Specialty Co, 1322-1326 
Illinois Engineering Co., 1820-1837 
Jas. P. Manh Corp. 132^1339 
Powen Regulator Co., The, 1289 
Saroo Co.. Ino., 1386-1831 
Sterling, Ino., 1241 
Trane Co.. The, 1006-1001 
United States Radiator Corp. 

1269-1260 


Warren Webster & Co., 1833-1886 
WiUiam S. Haines 6c Co , 1821 


Mueller Bran Co.. 1100-1101 
Paoklen Metal PToduota Corp., 1108 


TUBING. Steel 
Armco Steel Corn., 1216 
National Tube Co., 1216 
Revere Copper 6c Bran, Ino., 1007 

TURBINES 

General Eleetrio Co. (Seheneotady 
B 


N. Y.), 1184-1186 
Feetinghouse Eleetrio Corp., 
868, Pittsburgh. 1176-1188 


TRAPS, TUting Type 

HorahMd lUg. Co, US« UND BRG RpUND PM TON- 

DUITS (Ssf Conduits, Undn- 
greund Pipo) 

TRAPS, Vacuum 

V. D.Andeim Co., *^,1810-1811 unIT HEATERS (Sn JEfsoten, 
Annstrong Maohme Works, 1812- UnU) 

1818 

Barnn 6cJonn, Ine., 1814 

Winiun8.HaliMi ftCo,U» VRNTI^TORS (A, 

TiHmii. TTntlniiliriiii Co, UM-US7 VmlBalon, Vmt) 


HniMnl, foUowlac XumtMtanc^ Hhiim tote to MM la Um Cotaloc DiAi Soetioii 
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UNITS, Air Conditioning (See 

Air Conditioning UniU) 


VACUUM HEATING SYSTEMS 
(See Heating Syatema, Vacuum) 


VACUUM REFRIGERATING 
SYSTEMS 
Ingerooll-Rand, 1308 

VALVES, Air 
Crane Co., 1250-1251 
Detroit Lubricator Co., Div. of 
American Radiator & Standard 
Sanitary Corp., 1224-1225 
Dole Valve Co., The. 1338 
Hoffman Specialty Co., 1322-1325 
Jenkins Bros., 1339 
Jaa. P. Maian Corp., 1328-1320 
Trane Co., The, 1090-1001 


VALVES, Angle, Globe and 
Gross 

Grinnell Co., Inc., 1077, 1218-1219 
Henry Valve Co., 1229 
Jenkins Bros., 1330 
United States Radiator Carp., 
1259-1260 


VALVES, Automatic 
General Controls, 1226-1227 
Hubbell Corp., The, 11^0 
Jaa. P. Marsh Corp., 1328-1329 
McDonnell & Miller, Inc., 1204- 
1295 

Minneapolis-Honeywell Regulator 
Co., 1236-1237 

VALVES, Back Pressure 
General Controls, 1226-1227 
Hubbell Corp., The, 1230 
Illinois Engineering Co., 1326-1327 


VALVES, Balanced 
General Controls, 1226-1227 
Henry Valve Co., 1229 
Illinois Engineering Co^ 1326-1327 
McDonnell & Miller, Inc., 1294- 
1205 


VALVES, Blow-off 
Jenkins Bros., 1339 
McDonnell & Miller, Inc., 1294- 
1295 

Yamall-Waring Co., 1337 


VALVES, By-Pasa 
General Controls, 1226-1227 
Jenkins Bros., 1339 


VALVES, Check 
Grinnell Co., Inc., 1077, 1218-1210 
Henry Valve Co» 1229 
HubMll Corp., The, 1230 
Jenkins Bros., 1339 


VALVES, Corrosion Resisting 
Crane Co., 1256-1251 
Jenkins Bros., 1339 


VALVES, Diaphragm 
General Controls, 1226-1227 


Grinnell Co.. Ino., 1077, 1218-1210 
Henry Valve Co., 1229 
Johnson Service Co., 1232-1233 
Minneapolis-Honesrwell Regulator 
Co., 1236-1237 

National Radiator Co., The, 1254- 
1255 

Powers Regulator Co., The, 1230 
Taylor Instrument Coe., 1242 
White-Rodgera Electric Co., 1244 


VALVES, Eipanslon 
Crane Co., 1250-1251 
Detroit Lubricatm* Co., Div. of 
American Radiator & Standard 
Sanitary Corp., 1224-1225 
General Controls, 1226-1227 
Henry Valve Co., 1229 


VALVES, Float 
Alco Valve Co., 1223 
Detroit Lubricator Co., Div. of 
American Radiator & Standard 
Sanita^ Corp., 1224-1225 
Illinois Engineering Co., 1326-1327 
jUcDonnell & Miller, Inc., 1294-1295 


VALVES, Flow Control 
Bell & Gossett Co., 1296-1297 
General Controls, 1226-1227 
Illinois Engineo'mg Co., 1326-1327 
Jas. P. Marsh Corp., 1328-1329 
McDonnell & Miller, Inc., 1294-1295 
Minneapolis-Honeywell Regulator 
Co., 1236-1237 

Taylor Instrument Cos., 1242 
H. A. Thrush & Co., 1306-1301 
United States Radiator Corp., 
1259-1260 


VALVES. Gas 

Detroit Lubricator Co., Div. of 
American Radiator & Standard 
Sanitary Corp., 1224-1225 
Henry Valve Co., 1229 
Jenkins Bros., 1339 
Minneapolis-Honeywell Regulator 
Co., 1236-1237 

White-Rodgers Electric Co., 1244 


VALVES, Gate 
General Controls, 1226-1227 
Grinnell Co., Inc., 1077, 1218-1219 
Jenkins Bros., 1339 


VALVES, Hydraulic 
Jenkins Bros., 1339 
Yamall-Waring Co., 1337 


VALVES, Magnetic 
Alco Valve Co., 1223 
General Controls, 1226-1227 
Hook & Aokerman,1262 
Hubbell Corp., The, 1230 
McDonnell & Miller, Inc., 1294-1295 
Minneapolis-Honeywell Regulator 
Co., 1236-1237 


VALVES, Mixing, Thermostatic 
Dole Valve Co., The, 1338 
Powers Regulator Co., The, 1239 
Sarco Co., Inc., 1336-1331 


VALVES, Motor Operated 
Barber-Colman Co., 1194 


BeU & Gossett Co., 1296-1297 
General Controls. 1226-1227 
Illinois Engineering Co., 1326-1827 
Jenkins Bros^l339 
Minneapolis-Honeywell Regulator 
Co., 1236-1237 

Powers Regulator Co., The, 1239 
Saroo Co., Inc., 1336-lwl 
Taylor Instrument Coe., 1242 
Warren Webster & Co., 1332-1335 


VALVES, Non-Return 
Henry Valve Co., 1229 
Illinois Engineering Co., 1326-1327 
Jenkins Bros., 1339 
Mueller Brass Co., 1100-1101 


VALVES, Packless 
General Controls, 1226-1227 
Henry Valve Co., 1229 
Hoffman Specialty Co., 1322-1325 
Illinois Engineering Co., 1326-1327 
Jas. P. Marsh Corp., 1328-1329 
Sarco Co., Inc., 1336-1331 


VALVES, Pressure Reducing 
(See Regulatorat Preeeure) 


VALVES, Radiator 
American Radiator & Standard 
Sanitary Corp., 1246-1247 
Barnes & Jones, Inc., 1314 
Detroit Lubricator Co., Div. of 
American Radiator & Standard 
Sanitary Corp^^ 1224-1225 
C. A. Dunham Co., 1316-1320 
Grinnell Co., Inc., 1077, 1218-1219 
Hoffman Specialty Co., 1322-1325 
Illinois Engineering Co., 1326-1327 
Jenkins Bros., 1339 
Jas. P. Marsh Corp., 1328-1329 
Sarco Co., Inc., 1330-1331 
Sterling, Inc., 1241 
Trane Co., The, 1096-1091 
United States Radiator Corp., 
1259-1260 


VALVES, Radiator Orifice 
Barnes & Jones, Inc., 1314 
C. A. Dunham Co., 1316-1320 
Grinnell Co., Inc., 1077, 1218-1219 
Illinois Engineering Co., 1326-1327 
Sarco Co., Inc., 1336-1331 
Warren Webster & Co., 1332-1335 


VALVES, Radiator, Pneumatic 
Diaphragm 

Johnson Service Co., 1232-1233 
Minneapolis-Honeywell Regulator 
Co., 1236-1237 

Powers Regulator Co., The, 1239 


VALVES, Reducing 

Bell & Gossett Co., 1296-1297 

Crane Co., 1250-1261 

C. A. Dunham Co., 1316-1320 

Illinois Engineering Co., 1326-1327 

Swartwout Co., The, 1189 

Taco Heaters, Inc., 1299 

Taylor Instrument Cos., 1242 

H. A. Thrush & Co., 1800-1301 


VALVES, Refrigerant Line 
Alco Valve Co., 1223 
Detroit Lubricator Co., Div. of 
American Radiator 3c Standard 
Sanitary Coro., 1224-1225 
Henry Valve Co.. 1229 
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Jenkins Bros.. 1889 
Mueller Brass Co., 1100-1101 


VALVES. Relief 

Bell & Gossett Co., 1206-1207 

Henry Valve Cq^ 1220 

Hubbell Corp., 'fhe, 1280 

Jas. P. Marsh Corp., 1326-1820 

McDonnell 8 e Miller, Inc., 1204-1206 

Monarch Mfg. Works, Inc., 1136 

Taco Heaters, Inc., 1209 

H. A. Thrush & Co., 1300-1301 

Trane Co., The, 1000-1001 


VALVES. Safety 
General Controls, 1226-1227 
Henry Valve Co^ 1220 
Hubbell Corp., The, 1230 
McDonnell & Miller, Inc., 1204-1206 


VALVES. Solenoid 
Alco Valve Co., 1223 
Detroit Lubricator Co., Div. of 
American Radiator & Standard 
Sanita^ Corp., 1224-1226 
General Controls, 1226-1227 
General Electric Co. (Schenectady, 
N. Y.), 1184-1186 
Henry Valve Co., 1229 
HiibTOll Corp., The, 1230 
McDonnell & Miller, Inc., 1294-1205 
Minneapolis- Honeywell Regulator 
Co., 1236-1237 

Penn Electric Switch Co., 1238 
Spence Engineering Co., Inc., 1240 
White-Rodgers Electric Co.. 1244 


VALVES. Stop and Check (See 
Valves, Non- Return) 


VALVES. Temperinit 
Dole Valve Co., The, 1338 
Minneapolis-Honeywell Regulator 
Co., 1236-1237 

Powers Regulator Co., The, 1239 
Sarco Co., Inc., 1330-1331 
Taco Heaters, Inc., 1200 


VALVES. Thermostatic 
Alco Valve Co.. 1223 
Detroit Lubricator Co., Div. of 
American Radiator & Standard 
Sanita^ Corp., 1224-1226 
GenereJ Controls, 1226-1227 
Illinois Engineering Co., 1326-1327 
Jas. P. Marsh Corp., 1328-1320 
Minneapolis-Honesrwell Regulator 
Co., 1236-1237 

Powers Regulator Co., The, 1230 
Saioo Co., Inc., 1330-1331 
Spence Engineering Co.. Inc., 1240 
Sterling, Inc., 1241 
Yamall-Waring Co., 1337 


VALVES. Water Regulating 
Jenkins Bros., 1330 
Jas. P. Marah Corp., 1328-1329 
McDonnell & Miller, Inc., 1294-1296 
Minneapolis-Honeywell Regulator 
Co., 1236-1237 

Penn Electric Switch Co.. 1238 
Powers Regulator Co., The, 1239 
SaivoCo.,Inc.. 1330-1331 


VAPOR HEATING SYSTEMS 
(See Healing Syeteme, Vapor) 


V-BELT DRIVES 
Allis-Chalmers Mfg. Co., 1046-1047 
American Coolair Corp., 1163 
Worthington Pump & Machinery 
Corp., 1044-1046 


VENTILATORS. Attic (Su Fans, 
Electric, Propeller, Supply and 
Exhaust) 

Air Controls, Inc., Div. of The 
Cleveland Heater Co., 1161 
American Blower Corp., 1028-1020 
American Coolair Corp., 1163 
G. C. Breidert Co., 1188 
Philip Carey Mfg. Co., The, 1340- 
1341 

Champion Blower & Forge Co., 1158 
Chelsea Fan & Blower Co., Inc., 
1169 

General Blower Co., 1161 
Hunter Fan & Ventilating Co., 
Inc., 1162 

Ilg Electric Ventilating Co., 1078, 
1163 

Lau Blower Co., The, 1166 
Etabliasements Neu, 1203 
Torrington Mfg. Co., The, 1172-1173 
Trade-Wind Motorfans, Inc., 1171 
United States Air Conditioning 
Corp., 1042 

Westinghouse Electric Corp., Box 
868, Pittsburgh, 1176-1183 
L. J. Wing, Mfg. Co., 1003-1095 


VENTILATORS. Floor and Wall 

American Coolair Corp., 1153 
Chelsea Fan & Blower Co., Inc., 
1159 

Charles Demuth & Sons, 1195 
General Blower Co.. 1161 
Hart & Cooley Mfg. Co., 1198-1199 
Hendrick Mfg. Co., 1200-1201 
Ilg Electric Ventilating Co., 1078, 
1163 

Independent Register Co., The, 
1202 

Register 6c Grille Mfg. Co., Inc., 
1206 

Standard Stamping 6c Perforating 
Co., 1208 

Titus Mfg. Corp., 1212 
Trane Co., The, 1090-1091 
United States Register Co., 1213 
Westinghouse Electric Corp , Box 
868, Pitnburgh 1176-1183 


VENTILATORS. Roof 
Air Devices, Inc., 1104, 1192 
Aladdin Heating Corp., 1162 
American Coolair Corp., 1153 
American 3 Way-Luxfer Prism Co., 
1348 

G. C. Breidert Co., 1188 
Chelsea Fan 6c Blower Co., Inc., 
1159 

DeBothezat Fans Div., American 
Machine 6c Metals, Inc., 1160 
General Blower Co., 1161 
Ilg Electric Ventilating Co., 1078, 
1163 

New York Blower Co., 1168 
Propellair Div., Robbins 6c Myers 
Inc., 1169 

Swartwout Co., The, 1189 
Trade-Wind Motorfans, Inc., 1171 
Trane Co., Th^lOOO-1001 
Westinghouse Electric Corp., Box 
868, Pittsburgh, 1176-1183 


VENTILATORS, Ship 
Air Devices, Inc., 1104, 1192 
(3. C. Breidert Co., 1188 


Ilg Electric Ventilating Co., 1078, 
1163 

Etablissements Neu, 1203 
New York Blower Co., The, 1168 
Westinghouse Electric Corp., Box 
868, Pittsburgh. 1176-1183 
L. J. Wing Mfg. Co., 1008-1096 


VENTILATORS. Unit 
American Coolair Corp., 1163 
Carrier Corp., 1032-1033 
DeBothezat Fans Div., American 
Machine 6c Metals, Inc., 1160 
General Blower Co., 1161 
Hunter Fan 6c Ventilating Co., 
Inc., 1162 

Ilg Electric Ventilating Co., 1078, 
1163 

Herman Nelson Corp., The, 1086- 
1087 

John J. Nesbitt, Inc., 1088 
New York Blower Co., The, 1168 
Trane Co., Th^ 1090-1091 
Westinghouse Electric Corp., Box 
868, Pittsburgh 117fV-1183 
L. J. Wing Mfg. Co., 1093-1095 


VENTILATORS. Window 
American Coolair Corp., 1163 
Hunter F'an 6c Ventilating Co., 
Inc., 1162 

Ilg Electric Ventilating Co., 1078, 
1163 

Lau Blower Co., The, 1166 
L. J. Wing Mfg. Co., 1093-1095 


VIBRATION ABSORBERS (See 
Sound Deadening) 

American Brsss Co., The, 1098-1099 
Bushings, Inc., 1354 
Chicago Metal Hose Corp., 1102, 
1217 

Crawford- Austin Mfg. Co., 1356 
Mundet Cork Corp., 1366 


WALLBOARD, Insulating 

Philip Carey Mfg. Co., The, 1340- 
1341 

Celotex Corp., The, 1355 
Insulite, 1358-1359 
Insul-Mastic Corp. of America, 1364 
Johns-Manville, 1360-1361 
Mundet Cork Corp., 1366 
United States Gypsum Co., 1368- 
1369 

Wood Conversion Co., 1370 


WARM AIR FURNACES (See 
Furnaces, Warm Air) 


WARM AIR HEATING SYSTEM 
(See Heating Systems, Furnace) 


WASHERS, Air (See Air Waehm) 


WATER COOLING (See Cooling 
Equipment, Water', Cooling Towers) 
Acme Industries, Inc., 1136 
Acrofin Corp., 1139-1141 
April Showers Co., Inc., 1126 
Baker Refrigeration Corp., 1146 
Bell & Gossett Co., 1296-1297 
Carrier Corp., 1032-1033 
Curtis Refrigerating Machine Div. 

of Curtis Mfg. Co., 1147 
Hastings Air Conditioning Co., 
Inc., 1038 

Modine Mfg. Co., 1084-1085 
Niagara Blower Co., 1039 


Numerals following Manufacturers’ Namea refer to pagea in the Catalog Data Section 
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Pattenon-EUley Co., Tho, 11882 
J. F. Fritohard & Co.. 1181 
Refinpration Eoonomifa Co., Ino., 

Trane Co., Tho, 1090-1091 
Water Cooling Equipment Co^ 

WeetinghouM Electric Corp., Bos 
868, Pitteburg^ 1176-1188 
YamaU-Waring Co., 1887 
York Corp., 1048 


Water gooung towers 

(See Codling Towere, Water) 


WATER FEEDERS (See Feeiere, 
Boiler Water) 


WATER mXSRS, ThMiDfwtmtlc WELDING ROD 


(See Vabee, Tempering) 

Bell ft OoMttCo., 1896-1907 
Dole Valve Co., The, 1888 
Poweia Raaulator Co.. The, 1889 
Sim Co.7lno*i 1880-1881 


American Bram Co., Tb^ 1098-1090 
Mueller BraeaCo., 1100^01 
Revwe Copper ft Bram, Ino., 1007 

WHEELS, Blower 


WATER TREATMENT 

Condenaer Service ft Engineering 
Co., Ino., 1187 

R e eenroh mduote Corp., 1181 
Rheem Mfg. Co.. 1063 
Vinco Co.. Ino., The, 1898-1808 
Worthington Pump ft Machinery 
Corp., 1044-1046 


Air Controls, Ino., Div. of The 
CleveUind Heater Co., 1161 
Champion Blower ft Forge Co., 
1168 

Lau Blower Co., The, 1166 
Morrison Products, Ino., 1167 
Torrin^n Mfg. Co., The, 1178-1178 
Unitecf States Air Conditioning 
Corp.. 1048 

Westinghouse Electric Corp., Box 
868, Pittsburgh, 1176-1188 


WATER HEATERS (See ffeatere WELDING FITTINGS (See Fit- WHEELS, Spray (Sie Spray 
Hot Water Service) ftnge. Welding) Equipment) 


Please mentloB THE OUIDB 1949 whw writiag to Adverttoeca 



MANUFACTURERS’ 
CATALOG DATA 


(PAGES 1027-1384) 




On pages 1027-1381 will be found the Catalog 
Data of 249 manufacturers whose products are 
described and illustrated. 

For the convenience of the user of THE GUIDE 
1949 there are eight main divisions: 


Air Conditioning 1027-1096 

Air Conditioning and Heating Piping 1097-1103 

Air System Equipment 1104-1216 

Bends, Coils, Fittings 1217-1222 

Controls and Instruments 1223-1244 

Heating Systems 1245-1339 

Insulation . 1340-1375 

Publications . . .... 1376-1381 


On pages 1001-1024, under each of the index 
headings — Air Cleaning Equipment, Fans, Hu- 
midifiers, Ventilators, etc., will be found a list 
of manufacturers of any desired products, fully 
cross-indexed, and the page numbers in the 
Catalog Data Section where the products are 
described. 

By reference to these indices, the manufacturers 
names and the page numbers, any item of 
equipment or materials, and the producers 
address, may be located quickly. 



Air Conditkming 


, Centnil 


Air & Refrigeration Corporation 

475 Fifth Avenue, New York 17, N. Y. 


"^1 



Factory Inaulatei Clast I Capillary 
Air Washer 


Atlanta, Ga. * Detroit, Mich. 

Air Conditioning, Humidifying, Dehumidifying, Cooling, 

Scrubbing, Air Washing and Purification Apparatus 

Air ft Refrigeration Corporation specializes in the design and manufacture of indus> 
trial and comfort -conditioning apparatus where maintenance of suitable humidity 
and temperature within closely controllable limits is essential. This specialization 
is based on technical knowledge and ingenuity born of extensive experience in the 
solution of the more difficult problems of air conditioning. A complete line of air 
conditioning equipment is available to contractors and owners for all phases of 
humidifying, dehumidifying, cooling and washing. 

Capilla^ Air Washers provide a superior type 
humidifying, dehumidifying, air washing, cleaning 
and cooling unit for central station apparatus. 

For most purposes the Capillary Washer requires 
J the volume of water at J the pressure used by 
conventional sprajr equipment. They are avail- 
able with factory insulated casings and tank for 
central station applications. For complete datOy 
see Bulletin, G-S. 

Capillary Unit Conditioners arc factory insulated 
and assembled, ready for use. They include fan, 
motor, drive, neating coils. Capillary Cells with 
suitable sprays, spray pump and mixing dampers. 

Units are designed for floor mounting or for ceiling 
suspension, and can be arranged for the reception 
of cooling coils, if required. Complete description 
and engineering data will he found in Bulletin G-S. 

Spray Type Air Washers for washing, humidify- 
ing and dehumidifying air are all basically the 
same. A & R Spray Washers include special fea- 
tures of design developed to insure more efficient 
and dependable operation, lower maintenance 
costs, and, in many cases, lower installation costs. 

Such features relate especially to eliminators, 
collecting tanks, flooded baffles, nozzle arrange- 
ment, etc. Spray Washers can be supplied with 
factory insulated casings and tank for central sta- 
tions applications . For details , see Bulletin AW-1. 

Sprayed Coil Dehumidifiers for year-round 
treatment of air are complete with cooling coils, 
sprays, circulating pump and glass mat elimina- 
tors. Sprayed coil dehumidifiers are factory insu- 
lated and complete, ready for assembly in the field. 

Special features in design insure continuous wash- 
ing and cleaning of finned surfaces and easy acces- 
sibility to all parts. For enmneering information 
and detailed description, see Bulletin SC -I. 

A ft R Insulated Panels consist of insulation be- 
tween metal sheet on one side and hard fiber board 
on the other, the three laminated and cemented 
together under pressure. This unique panel de- 
sign includes the structural frame to form units 
which require only bolting together to make enclo- 
sures of any required shape for plenum chambers 
and many other purposes. Panels are available 
in widths from 3 in. to 48 in., and in lengths to 12 
ft. Their use insures tremendous economies in 
field labor. For details, see Bulletin P-1. 

Submit design and capacity for special recommenda- 
tions: write for catalog and engineering data. 
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Faetary Insulated Size Capillary 
Unit CondUUmer 



Factory Insulated Prewasher for 
lAnt Removal 



Fadory Insudatad Plenum Chamber 



Air Conditiorung • 


American Blower Corporation 

Detroit 32 , Michigan 

CANADUN SIROCCO COMPANY, LTD. 

310 Ellis Street, Windsor, Ontario 
Branch OIBces in Principal Cities 

Division of A mEMCAN R aDIATOR & ^^Itdapd ^aifitaif^ CORPORATION 


AIR CONDITIONING — HUMIDIFYING — DEHUMIDIFYING — COOLING 
— VENTILATING — HEATING — VAPOR-ABSORPTION — DRYING — AIR 
WASHING AND PURIFICATION — EXHAUSTING EQUIPMENT AND 
MECHANICAL DRAFT APPARATUS 



Heating & Cool- 
ing Coils — 
right, Ameri- 
can Blower 
heating and 
cooling coils 
offer a number 
of improve- 
ments in design 
and construc- 
tion. Available 
types, including: 



in a complete range of sizes and 


Double Inlet *'ABC” Multiblade 

Fan — above, is a heavy duty 
ventilating fan. The wheel has 
narrow, forward pitched blades. 
Low tip speeds assure auiet 
operation. Request Bulletin 
A-801 . Bulletin A -603 describes 
backwardly inclined, nonover- 
loading HS Fan. 



American Blower Air Washer 

— above, cleans, purifies and 
freshens air, removes dust, 
odors and bacteria, cools if 
desired and provides an effec- 
tive method of controlling 
humidity. Bulletin 3623. 


Bulletin 


{ Type S steam coils 
Type D double tube colls 
Type U return blend colls 
Type B booster colls 


[Type W water colls 

Bulletin 1521 < Type G cleanable water colls 

(Type X direct expansion colls 
Bulletin B-1318 Type II heavy duty colls 


“ABC” Utility Sets 

— complete packaged 
units, directly con- 
nected or V-Belt short 
coupled drive for duct 
applications. Sizes 
for wide variety of 
ventilating problems. 
Quiet, compact. Bul- 
letin 2814. 




Capillary Air Washers— above, for high efficiency 
in cleaning, humidification, cooling and dehumidi- 
fication of air. Air is forced at low resistance 
through long, irregular passages of small size 
formed by a large amount of thoroughly wetted 
glass surface. Write for Bulletin 3723. 
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American Blower Corporation 


Air Conditioning > 


TYPES OF AMERICAN BLOWER CORPORATION 
AIR HANDLING AND CONDITIONING EQUIPMENT 

All types of air handling and air conditioning equipment for industrial applications, 
process work, drying, cooling; also equipment for stores, offices, shops, public build- 
ings, power plants, etc., and attic and kitchen ventilation for homes. 



“ABC” Vertical Unit Heaters — for ceil- 
ing applications, give an even, wide 
floor area distribution of heat. For 
cither steam or hot water heating sys- 
tems. Variable speed, 2 -speed and con- 
stant speed models. Write for Bulletin 
6417. 



Venturafin Unit Heaters — for many 
general purpose heating jobs. Wall or 
(veiling mounted. Streamline construc- 
tion, rugged heating elements. Steam 
or hot water. Request Bulletin 6317. 



Air Conditioning Central Systems— 

rovide an effective way of cooling, 
eating, humidifying, dehumidifying and 
purifying air in all classes of business 
and public buildings where a duct sys- 
tem is desirable. Write for special data. 



Heating and Ventilating Units— with air 
filters and Aileron control. Ideal wher- 
ever attractive, quiet and economical 
heating and ventilating units are re- 
quired. Wall, floor or ceiling mounting. 
Offer great flexibility of design and 
arrangement to meet specific needs. 
Bulletin 6017. 



American Blower Air Conditioning Units. 

— Type A for all normal unitary type 
commercial and industrial applications. 
Cooling, heating, humidifying. Capaci- 
ties 1000 cfm — 13600 cfm. Type S for 
commercial and industrial applications 
desiring washed air or high relative 
humidities. Capacities 1000 cfm — 13600 
cfm. Type M, large capacity for central 
system installation with separately 
mounted fan. Cooling, dehumidification, 
heating, humidifying. Capacities 1000 
cfm— 41000 cfm. Bulletin 6527. 
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Air" CondiHoning • c«rttd Sr^ans 


The Bahnson Company 

1 St. Winston-Salem, N. C. 

Wakefield, Mass. 

703 Embree 
Crescent 
Westfield. N. J. 

553 S. Figueroa St. 

Los Angeles, Calif. 


-rrz e n 6 I n e e w 


AIM COWDITtONING 


886 Drewry St. 
Atlanta, Ga. 

43 Virginian Apts. 
Greenyllle, S. C. 

1001 S. Marshall St. 
Winston- Salem, 
N.C. 


HUMJDUCT 

AIR CONDITIONING SYSTEM 



The Bahnson Humiduct is a unit system of air conditioning for humidifying, venti- 
lating, evaporative or refrigerative cooling, heating, filtering, electrostatic air clean- 
ing, and dehumidifying, in any desired combination. Through the application of 
delivering saturated air plus entrained moisture, wherein part of the evaporation may 
take place in the room, supplementary evaporation is not required with the Humi- 
duct. The use of this principle allows a more accurate control of humidity with a 
lower volume of air than is required with saturated air types of systems. 

BAHNSON CENTRAL STATION AIR CONDITIONING 

Air washers and other components for evaporative cooling or refrigerative cooling 
systems are designed, manufactured, and installed by Bahnson for applications re- 
quiring central station air conditioning. Conventional air washers of single or double 
bank sprays and the Bahnson Centrispray which utilizes the principle of centrifugal 
atomization of water are manufactured in required sizes. 
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Bahnaon Central 
Station wUh 
Refrigeration 



Air Conditioning • central Sjetems 



The Bahnson Air Vitalizer air conditioning ^stem employs a dry duct unit distribu- 
tion system combined with the Bahnson Centrifugal Humidiner or the Bahnson 
Economizer Atomizer to 
obtain evaporation. Ven- 
tilation, humidihcation, 
evaporative cooling, heat- 
ing and air filtering arc 
combined with the flexi- 
bility of the Air Vitalizer 
system to permit any air 
handling or evaporative 
capacity. Positive circu- 
lation affords even distri- 
bution with additional 
sensible Cooling. 



CENTRIFUGAL HUMIDIFIER 


The Bahnson Centrifugal 
Humidifier is a completely 
self-contained unit humidi- 
fier requiring only water sup- 
ply, drain, and electrical 
connection for installation. 
Evaporative capacity ranges 
up to 12 gal of water per hour 
dependent upon the size of 
the Humidifier and condi- 
tions under which it must 
operate. The Centrifugal 
Humidifier may be equipped 
with the Type J individual 
humidity control, or the 
highly sensitive Bahnson 
Master B control may be 
used to actuate an electric 
motor valve on the feed 
water line to a group of 
humidifiers. 



Type II with J Control 


1. Atomizes 
water into a 
fine mist. 

2. Diffuses the 
mist with 
room air un- 
til absorbed. 


3. Distributes 
the humidi- 
fied air tmi- 
formly. 

4. Automati- 
cally controls 
evaporation 
for constant 
relative hu- 
midity. 



ATOMIZER 

The Type ESC Bahnson Economizer is a pneumatic 
Atomizer employing air and water under pressure 
to produce a fine spray for humidification purposes. 
The Type ESC Atomizer is very simple in construc- 
tion and dependable in operation. It includes a 
self-cleaning pin operating in conjunction with the 
water pressure to remove any dirt from the water 
line. The capacity of this Atomizer may be ad- 
justed for amount of evaporation and quality of 
spray by regulating the pressure of the air and 
w'ater suppl ving the unit . When operating at from 
20 lb to 25 lb air pressure, the unit uses as little as 
one-half the amount of compressed air required for 
aspirating type Atomizers for comparable spray 
quality and evaporative capacity. 
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Air Conditioning • 


Carrier Corporation • Syracuse 1, N. Y. 


MARINE DIVISION: 
385 Madison Ave. 
New York 17. N. Y. 



INTERNATIONAL 

DIVISION: 

385 Madison Ave. 
New York 17. N. Y. 


Offices and Dealers in principal cities — refer to your telephone directory. 

^ ^arri^ AIR CONDITIONING 


Room Air Conditioners—compact units in 
attractive cabinets; two sizes in window 
type models and one in floor or console 
model. Built to provide summer comfort 
air conditioning, year round ventilation and 
air circulation for individual rooms, private 
offices and other similar small enclosures. 

Self-Contained Air Conditioners — com- 
pletely enclosed in neat cabinets, these units 
provide summer comfort for residences, re- 
tail shops, general offices, beauty salons, and 
other commercial spaces of medium size. 

Assembled Air Conditioners— fully en- 
closed, compact units designed for installa- 
tion outside the space to be air conditioned, 
and using ducts to distribute the air. Ideal 
for year round air conditioning of laborato- 
ries, offices, stores, and similar interiors. 

Unitary and Central Station Air Condi- 
tioners — for groups of rooms such as offices 
and laboratories, and for large spaces such 
as stores, factories, theaters, industrial 
plants, and other interiors requiring year 
round air conditioning. Units available in 
floor or suspension models. Supplemented 
by refrigeration where cooling and dehumid- 
ifying is^'required. 

“Weathermaster” Systems — for air con- 
ditioning of multi-story, multi-room build- 
ings such as apartments, hospitals, hotels 
and office buildings. System consists of 
room units in decorative cabinets or for 
furring in under windows, each with indi- 
vidual control of tenaperature, and a central 
station apparatus. In one system the air is 
distributed through conduits requiring but 
little space — ^practical for new or old build- 
ings. A special development of Carrier 
Corporation. 

Blast Freezers and Cold Diffusers — for 
food freezing and storage, meat packing 
operations, and other industries requiring 
low temperatures. Units are available in 
suspension or floor models and can be used 
within the space to be refrigerated or re- 
motely located and connected by ducts. 

Write for descriptive literature on any of the 
above equipment 
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Carrier Corporation 


Air Conditioning < 

REFRIGERATION 


Centrifugal Refrigerating Machine— fur 

large comfort and industrial air conditioning 
applications and for cooling processes d»wii 
to below — 100 F. These efficient machines 
operate with any standard drive, are simple 
in operation and require little maintenance. 
Uses safe refrigerant. Available in capaci- 
ties from 100 to 1200 tons cooling. 

Reciprocating Refrigerating Machines— 
to provide refrigeration for industrial and 
comfort air conditioning of moderate size 
and for precess cooling. These new 5 Series 
machines are available in direct connected 
or belt drive, water or evaporative cooled 
types and are job -assembled to give widest 
variety of capacities. Sizes from 5 to 
1(K) hp. 

Commercial Refrigerating Machines— for 

storage refrigerators, display cases, milk 
coolers, ice makers, farm and home food 
freezers in a wide range of capacities a* id 
temperatures. Units use “ Freon” or Methyl 
Chloride refrigerants and arc complete with 
compressor, drive, air or water cooled con- 
denser, and controls mounted on a one-piece 
base. 

Evaporative Condensers — for condensing 
refrigerants and cooling liquids by a process 
of blowing air over wetted coils. The evap- 
oration of the water from the surface of the 
coils removes a maximum amount of heat 
with a minimum of water consumption. 
Can be used in place of a cooling tower. 
Afford savings wherever water costs are 
liigh. May be placed outdoors without 
protection. Capacities range from 6 to 75 
tons condensing. 



'^arri^ INDUSTRIAL HEATING 


Unit Heaters — for commercial and indus- 
trial heating uses. Available in tw^o sus- 
pended types: one horizontal discharge 
model for small space heating and one 
vertical 4-way discharge model for larger 
areas . Both models have adj us table louvres 
for directional control. Units consist of 
propeller type fan, coils for steam or hot 
water, and drive, all neatly encased. Avail- 
able with manual or thermostatic controls. 
Capacities range from 21 ,(X)0 to 502,000 Btu 
per hour at 2 lb steam pressure. 

Heat Diffusing Units — for commercial and 
industrial buildings. Suspended or floor 
models with centrifugal type fan, coils for 
steam or hot water, and selective air distri- 
bution, all factory assembled for easy in- 
stallation. Capacities are from 115,000 to 
1 ,570,000 Btu per hour at 2 lb steam pressure. 
Write for descriptive literature on any of the 
above equipment. 
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Air Conditioning • 


Clarage Fan Company 

Kalamazoo, Michigan 


Application Engin eering Offices 


In Principal Ameri c an Cities 


(Consult Telephone Directory) 

Clarage Air-Handling and Conditioning Equipment 



Fans • Blowers • Air Washers 
Air Conditioning Systems and 
Units • Unit Heaters & Coolers 

For over thirty-five years Clarage has been a leading 
manufacturer of equipment for ventilating, heating, 
cooling, drying, air cleaning, humidifying, dehumidi- 
fying, complete air conditioning, exhausting, pneu- 
matic conveying and mechanical draft. Clarage 
equipment is designed to meet all types of industrial, 
commercial, public building and power plant require- 
ments. Whatever your air-handling or conditioning 
problem, Clarage is an excellent source of supply. 


Fans for ventilating and 
air conditioning. Capaci- 
ties; 200 to 200,000 cfm. 



Fans for warm air furnaces, 
oil burners, stokers, etc. 200 
to 9000 cfm. 


We build many 
other types of fans 
and allied equip- 
ment. Write for a 
Clarage catalog 
covering our com- 
plete line. 



Unit Heaters for factories, 
stores, offices, etc. — floor and 
suspended type units. Of- 
fered in 19 standard sizes. 


Fans for exhaust systems, pressure 
blowing, etc. 100 to 50,0()0 cfm.; 

built for a 
wide range 
of pressures. 

Air Condi- 
tioning cen- 
tral systems 
and units to 
solve any 
temperature 
and humid- 
ity control 
problem. 
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Air Conditioning • centtai sjitemi 


I 


GENERAL REFRIGERATION 


0 I V I S 1 O N 


YATES-AMERICAN MACHINE CO. 


TWO GOOD NAMES TO REMEMBER 



LIPMAN FOR REFRIGERATION 

You can choose from a wide range of LIPMAN 
automatic refrigeration units — thru 40-hp 
capacity — air or water-cooled — with ammonia, 
freon or methyl chloride refrigerant. Every 
unit is backed by more than a quarter century 
of LIPMAN service in every field of commercial 
refrigeration — your guarantee of dependable, 
economical performance. 



MODEL FI 609 WATER COOLED FREON 
—IB CONDENSING UNIT 
A compact, self-contained 15-hp Freon-IB con- 
densing unit. 


GENERAL REFRIGERATION FOR AIR CONDITIONING 



During its thirty years in the field, General 
Refrigeration has developed an outstanding line 
of air conditioning equipment, with a size and 
type for every requirement in theaters, hotels, 
factories, offices, shops, laboratories, etc. 

MODEL 10-4000 DUCT-TYPE 
SELF-CONTAINED AIR CONDITIONER 

Equipped with lO-hp condensing unit. Requires 
rdatively email operating charge of refrigerant. 


Let experienced GR-LIPMAN-cnginccrs study your refrigeration or air conditioning 
needs and recommend the correct unit for the job. No obligation. Write General 
Refrigeration Division, Yates-Almerican Machine Company, Beloit, Wis., for descrip- 
tive literature and nearest distributor. 
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Air CondiUoTting • 




GENERAL« ELECTRIC 


AIR CONDITIONING DEPARTMENT 

BLOOMFIELD NEW JERSEY 


ATLANTA 3, GEORGIA 
410 Red Rock Building 
BOSTON 15. MASS. 
700 Commonwealth Ave. 
CHICAGO 64, ILL. 
The Merchandise Mart 
Room 1127 

CINCINNATI 2, OHIO 
617 Vine St., Room 1328 
CLEVELAND 14, OHIO 
025 Euclid Ave., Room 524 
DALLAS 2, TEXAS 
903 Ross Avenue 


DISTRICT AND LOCAL OFFICES 

DETROIT 2, MICH. 

8735 Lyndon Ave. 

KANSAS CITY 6. MO. 

106 W. 14th St., Suite 2510 
LOS ANGELES 54, CALIF. 
1233 South Hope St. 

MINNEAPOLIS 2, MINN. 

12 ^uth 6th Street 

NEW ORLEANS 12, LA. 

837 Gravier St., Room 1004 
NEW YORK 22. N. Y. 

570 Lexington Ave. 
PHILADELPHIA 22, PA. 

1405 LocustAStreet 


PITTSBURGH 22, PA. 

535 Smithfield Ave 

PORTLAND 7, OREGON 
P. O. Box 909 

ST. LOUIS, MO. 

3824 Lindell Blvd. 

SALT LAKE CITY 9, UTAH 
200 South Main Street 

SAN FRANCISCO 6, CALIF. 
235 Montgomery Street 

WASHINGTON, D. C. 

806 16th Street, N.W. 



G-E AUTOMATIC HEATING EQUIPMENT 
A COMPLETE LINE 

G-E OIL-FIRED BOILER. Available in 5 sizes, from 100,(XK) to 
450,000 Btu. Shipped wdth controls and jacket dismounted, to 
permit easy handling of the boiler. Assembly and installation on 
site is a quick, simple job. Listed by Underwriters^ Laboratories. 

G-E CONVERSION OIL BURNER. Comes in 2 sizes, 3 capacities 
(1 to 3 gal). Listed by Underwriters* Laboratories, 

G-E OIL-FIRED WARM AIR FURNACE. Small, packaged units, easily and eco- 
nomically installed. Four sizes, from 60,000 to 155,000 Btu. Listed by Underwrit- 
ers* Laboratories, Models of 60,000 and 85,000 Btu output are Underwriters* Labo- 
ratory listed for installation with 2 inch clearance on both sides and back. 

G-E GAS-FIRED BOILER. Comes in 8 sizes, with Btu output ranging from 76,800 
to 345,600. A.G,A. approved. Underwriters* Laboratory listed. 

G-E GAS-FIRED WARM AIR FURNACE. Compact, packaged, easily and e(;o- 
nomically installed units in 5 sizes. Btu outputs ranging from 48,000 to 168,000. 
All units listed by Underwriters* LahoratoriessmaW units listed for alcove installa- 
tion with 2 to 3 inch wall clearance. 
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General Electric 


Air Conditioning * 


AIR CONDITIONING EQUIPMENT 

PACKAGED AIR CONDITIONERS— To provide air conditioning 
directly in the space or remotely installed with simple ductwork, 
for stores, beauty shops, restaurants, large offices, office suites, 
apartments, and all kinds of retail and commercial establish- 
ments. Available in 2, 3, 5, 7} and 10 hp models. 


REMOTE ROOM AIR CONDI- 
TIONERS, individually controlled, 
for summer cooling, or year Vound 
air conditioning. General Electric 
Type AD room units are designed 
for use in offices, hospitals, hotels, apartment build- 
ings, and other places where individual control of 
room temperature is desired. Application and arrange- 
ment can be modified to meet a wide range of specific 
requirements. 






CENTRAL PLANT AIR CONDITIONERS— 

for summer, wdnter, or year 'round air con- 
ditioning. These modern, radically different 
air conditioners arc built in horizontal and 
vertical models, w'ith five basic frame sizes in 
each type, covering a cooling range of from 
0.8 to 58 tons, and a heating range from 28,100 
to 1 ,310,000 Btu's per hour. The architect and 
engineer can select from 28 different arrange- 
ments, made possible by G-P] Building Block 
Design which saves space, engineering time, 
and installation time. These Type HDH and HDV air conditioners arc factory -built 
in these sections : fan, filter, coil, sump, and motormount. Simple assembly completes 
the job. All sections pass through standard 30 in. doorway. 




REFRIGERATING CONDENSING UNITS 

— K complete line of reciprocating type con- 
densing units for use with “Freon" refrig- 
erants. Air-cooled models available from 
Ve hp to 3-hp. Water cooled models avail- 
able from 1 2 bp to 125 hp. Motor compres- 
sor units for use with evaporative condensers 
or cooling towers available from 3 hp to 
125 hp. 
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Hastings Air Conditioning Go., Inc. 

Hastings, Nebr. 

Xaniifactiiren of 

Air Conditioners. 

Unit Heaters. 

Utility and Packafe Blowers. 

Dealers and Representatives in Principal Cities 



A Complete Line of Highfy Specialized Air Conditioners 
For DX, Cold City Water, Chilled or Well Water Operation. 

All equipment may be used for combination cooling and heating. 
Watercoils are six rows deep and DX coils four rows deep. Developed and 
designed for utmost efficiency. Constructed of copper tubing expanded and 
metallically bonded to pure copper fins. 

FLOWMETERS (to visually control flow) are standard on all water equipment. 


FLOOR MODELS 

Floormasters — Unusual design and 
special features permit maximum instal- 
lation possibilities with excellent results. 

Cooling Capacity — 
Water coils, 3 to 6 tons. 
DX coils, 5 tons. 

Air Delivery — 2240 cfm. 
Motor — hp Filters — 
three 16x25. Dimen- 
sions — Ht. 93 in.. 
Width 48 in., Depth 25 
in. 

Royal— For offices, 
homes, hospitals, etc. 
Cooling Capacity — 
water, 1 to 2 tons. 

1/6 hp 590 cfm Filter 
16x25. Dimen. Ht. 40 m., Wd. 28., in., 
Depth 20H in* 

CENTRAL PLANTS 
^ Sectional con- 

struction for ease 
of handling. Mo- 
tors inside mount- 
ed to provide very 
neat appearing 
compact units. 
SPECIFICATIONS 


GENERAL UTILITY MODELS 

Master— Singly or in multiple are 
suitable for anv business or space size. 
Large jobs handled without duct work by 
proper location of units. 


Cooling Capacity- 
Water coils, 3 to 6 tons* 

DX coils, 5 tons. 

Air Delivery— 2,240 cfm. 

Motor — ]/^ or % hp. Filters — four 16x 
23. Dimen. Ht. 29 in., Wd. 49 in., Depth 
50 in. 

Majestic — Similar to Master except 
size. Cooling Capacity— Water IH to 3 
tons. M hp 1120 cfm Two 16x25 filters. 
Dimensions — Ht. 26 in., Wd. 28 in.. 
Depth 40 in. 

GAS UNIT HEATERS 


Size 

CFM 

Motor 

Hp 

Filters 

Capacity 

Tons 

CP 30 

3,000 

1 

6 

4- 9 

CP 40 

4,000 

1 

8 

6-12 

CP 60 

6.0C0 

2 

10 

0-18 

CP 80 

8,000 

3 

12 

12-24 

CP 120 

12,000 

5 

20 

18-36 


STEAM UNIT HEATERS 

Centrifugal 
Type for extreme 
quietness and 
efficiency. 

Steam pressure 
— to 150 lbs per sq 
in. 

Finish — Brown 
wrinkle enamel 
and stainless steel 
louvers. 


These CENTRIFUGAL gas unit 
heaters present many fine and unusual 
features. AG A approved. 

Squirrel-cage blowers provide SILENT 
operation and permit air delivery thru 
duct systems up to yi in. S.P. 

Stainless steel ribbon burners result in 
quiet efficient combustion. 

Dual directional, individually adjust- 
able stainless steel louvers permit com- 
plete control of air delivery. 

Write for Catalogs, Literature, or Information 
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Niagara Blower Company 

General Sales Office: 405 Lexington Ave. New York 17, N. Y. 

Chicago— 6: 37 W. Van Buren St. Buffalo— 7: 673 Ontario St. Seattle— 4: 706 Lowman Bldg. 

District £nglneer/in Principal Gltles 

Over SO Years* Experience in Industrial Air Conditioning ^ Liquid Cooling 

and Air Drying 


NIAGARA AERO HEAT EXCHANGER 

For cooling industrial liquids, water, oils, solutions, chemicals, compressed air and 
gases, with Niagara ‘‘Balanced Wet-Bulb” temperature control to improve efficiency 
and obtain precise results. Patented (U. S. Nos. 2,296,946 and R. 1. 22,553). Ask 
for Bulletin 96. 

NIAGARA AIR CONDITIONING SYSTEMS 

For human comfort and for all industrial applications requiring controlled conditions 
of temperature, relative humidity, air purity and air movement. 

NIAGARA AIR CONDITIONER, TYPE A 

High precision apparatus using saturation to obtain control of R. H. to 1 per cent 
for laboratory work and control of hygroscopic materials. Ask for Bulletin 58. 

NIAGARA AIR CONDITIONER, TYPE C 

A year around air conditioning unit providing heating and humidifying or dehumidi- 
fying. Ask for Bulletin 80. 

NIAGARA FAN COOLER AND DISK FAN COOLER 

For comfort cooling, process cooling, low temperature storage for dairies, fruits, 
meats, food products, fur storage vaults, etc. Bulletin 72. 

NIAGARA SPRAY COOLER 

For all cooling applications requiring high humidity or high capacity in small space. 
Ask for Bulletin 72. 


NIAGARA “NO FROST” SYSTEM 

Using Niagara “No Frost” Liquid in spray coolers, prevents frosting of cooling coils, 
automatically keeps spray solution at proper concentration, gives freedom from 
brine troubles, corrosion. Constant, efficient operation. Temperature to —100° F. 
Ask for Bulletins 95 and 105. 

NIAGARA AEROPASS CONDENSER (Illustrated) 

Saves power and water cost utilizing atmospheric air to remove heat of condensation. 
Patented Duo-Pass prevents scaling, saves power. “OILOUT” positively removes 
oil and dirt from refrigerant lines, assuring always full capacity. Balanced Wet Bulb 
Control assures operation of refrigeration plant at minimum head pressure regardless 
of weather or load conditions. Ask for Bulletin 103. 

NIAGARA “DUAL” COOLERS 

Simultaneously cools a room and furnishes chilled water as a refrigerant. Saves 
equipment cost, operating expense. Patented. Ask for Bulletin 70. 

NIAGARA INDUSTRIAL LIQUID COOLER 

P'urnishcs refrigerated water or aqueous solution in any 
quantity up to 220 gpm. Positive control of temperature 
regardless of load variation. Delivers “sw'eet” water at 
33° F without danger of freezing damage. Ask for Bulle- 
tin 104. 

NIAGARA FAN HEATERS AND HIGH PRESSURE 
STEAM FAN HEATERS 

For heating and ventilating large areas. Units of the 
highest quality in engineering, material and workman- 
manship. Ask for Bulletins 73 and 109. 

NIAGARA MOTOR BLOWERS 
One, two and three-fan units. High and low static pres- 
sure models. Ask for Bulletin 89. 



Niagara Aerapau Condtnaer 
v>ith "Odoiil” and Bolr*-"-* 
If ef BvXb Centrei 
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Parks-Cramer Company 

Fitchbtirg, Mass. Charlotte, N. C. 

CERTIFIED CLIMATE 

Complete Air Conditioning Systems including Heating, 

Cooling, Humidifying or De-humidifying, Air Changing, 

Refrigeration, Air Filtering, Air Washing 

AUTOMATIC REGULATION 

Merrill Process System of Hot Oil Circulation for Heating Industrial Materials 
Jacketed Cocks, Fittings and Jacketed Piping 



Ceniral Station 



Tuihomatic Humidifier 



PauchroaUa 


Central Station Air Conditioning 

A complete system or conditioning air, with positive 
circulation and controlled ventilation. One or more 
air washer and fan units. High humidifying and 
evaporative cooling capacity. Heating, filtering, 
and refrigerated cooling optional. Ducts with 
adjustable outlets distribute conditioned air uni- 
formly. Slight air pressure also improves uni- 
formity. No free moisture in room. Centralized 
maintenance. 

Air Washer or Central Station Units. 

Nozzles for Central Station Air Washers. 

Turbomatic Humidifier 

Pifficient humidifier of the atomizer type. For direct 
humidification, as humidity boosters for Central 
Station systems of all makes. Self-cleaning, both 
air and water ports. Streamlined to prevent lint 
and dirt accumulation. 


Parks Automatic Airchanger (not illustrated) 

A patented system of forced air change used with a 
direct humidifying system. Insures fixed humidity 
and maximum evaporative cooling by controlling 
amount of air change and operation of humidifiers 
by a psychrometric humidity regulator. Designed 
for either complete new installations or for supple- 
menting existing direct humidifying equipment. 


Automatic Regulation 

The Psychrostat for accuracy, durability, sensi- 
tivity. Employs the principle of the Sling Psy- 
chrometer, used in all U. S Weather Bureau Stations. 
Hygrostat (not illustrated) where requirements are 
not so exacting. An Air Conditioning System is no 
better than its Regulation. 



PdtiSogger 


The Pettifogger 

A compact humidifier for offices, stores, storerooms, 
laboratories, or other isolated departments. Self- 
contained in lacquered copper casing. Permanently 
though flexibly connected to water and electrical 
supplies. Automatic control. Adjustable capacity. 
Neutralizes drying effect of heating. 
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Centril AAd 
Unit SyitMD 


Pittsburgh Lectrodryer Corporation 

Foot of 32 nd Street Pittsburgh, Pa. 



Small automatic air conditioning type LECTRO- This machine protects equipment in storage hy 

DR YER used for providing lowered relative humidities, maintaining a relative humidity of SB per cent 

or lower. 


FOR INDEPENDENT CONTROL OF DEHUMIDIFICATION IN COM 
FORT AND INDUSTRIAL AIR CONDITIONING 


The results of years of experience in 
the independent control of industrial de- 
humidification are now available for com- 
fort air conditioning in the form of 
sturdy, dependable, thoroughly tested 
machines for controlled adsorption de- 
humidification. 

LECTRODRYER equipment using Ac- 
tivated Alumina, a solid adsorbent, is 
widely used in maintaining lower than 
normal relative humidities in the chem- 
ical, pharmaceutical and other indus- 
tries. 

In comfort air conditioning these ma- 
chines handle the latent heat load with 
only the sensible heat load left for refrig- 
eration or water cooling. With this type 


system, only the air needed for the sensi* 
ble heat load is cooled and no reheat is 
required. 

Machines are available for steam, gas 
or electric operation, whichever the pur- 
chaser specifies. Standard machines are 
available in several sizes ranging from 
350 cfm upward. 

LECTRODRYERS are shipped com- 
plete as self-contained automatic units 
in that they require no regular manual 
attention except for starting. They are 
built for continuous operation with reac- 
tivation being carried on simultaneously 
with the drying operation. 

Write for full details. 
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United States Air Conditioning Corporation 

Hoofing^ Cooling Fo** Indotfrlol, 


Vonfllofing and 
Air Conditioning 




For Industrial, 
Commorcial and 
Rosldontlal 
Applications 


diqulpmtnt Applications 

3377 COMO AVENUE SOUTHEAST MINNEAPOLIS 14, MINNESOTA 


Refrigerated Kooler-aire— Unit combining 
^ cooling and dehumidifying units, refriger- 
ation compressor and evaporative con- 
, denser all in one balanced assembly. 3 to 
‘ 40 ton capacities. 

Upright Store Conditioners— A completely 
packaged unit designed for conditioning 
applications in stores, restaurants, beauty 
shops. 3 and 5 ton capacities. 
Evaporative Condensers— A cooling unit 
that condenses refrigerants, available 
capacities from 3 through 100 tons. Per- 
mits savings of 95 per cent in water costs, 
and by eliminating waste disposal prob- 
lems, evaporative condensers provide 
substantial economy in cooling refriger- 
ant gases. 

Unit Air Conditioners — Units for year 
around air conditioning or for any com- 
bination of air conditioning functions. 
Made in both single and double fan ar- 
rangements, and in 9 sizes from 1000 
cfm to 12,000 cfm. Units available with 
special coils for mechanical cooling or 
heating. 


Modu-aire — Complete units for individual 
room air conditioning wherever central 
heating or cooling systems are available. 
No ducts required. Cooling or heating 
can be adjusted in individual rooms. 

Blowers — Heavy and light duty blowers 
made in single or double inlet styles, and 
in a variety of sizes and capacities for all 
cooling, heating, ventilating and air con- 
ditioning requirements. 

Coils — us AIR CO makes a complete line of 
coils for every air conditioning require- 
ment — including steam coils for heating, 
standard and non-freeze type, water coils 
for heating or cooling, and direct expan- 
sion coils. 

Air Washers— Single and double stage 2,500 
to 100,000 cfm for cleansing, cooling by 
cold water or refrigerant, humidifying 
or dehumidifying. 

Unit Heaters— Suspension type small area 
heaters operating on steam, hot water or 
pas, are designed for supplementary heat- 
ing in factories, garages, warehouses. 
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York Corporation 

York, Pennsylvania 

Factoiy Brandies and Distritmtor Engineering 
and Sales Offices throughout the World. 

Air Conditioning and Refrigeration for maintaining proper atmospheric 
conditions for industrial processes or comfort requirements. Installations 
of unit and central systems in a complete range of capacities and types for 
every design requirement. 




York Turbo Compreisor 



Condensing and Water CooUnji; Systems— Turbo (centrif- 
ugal) brine and water cooling systems available over 
wide range of capacities— up to 1500 tons refrigeration 
for Freon-11 water cooling duty — suitable for steam 
turbine or motor drive. 

Self-contained dynamically balanced, non-vibrating 
V/W type reciprocating compressors available in 
capacities up to 350 tons refrigeration in a single unit, 
with water cooled or economizer type condensers. 
Efficient automatic capacity reduction available for 
economical operation at reduced load. 

The York Economizer — A combined force-draft cooling 
tower and refrigerant condenser, is available for instal- 
lations where prohibitive water costs or inadequate 
drainage facilities preclude the use of a water cooled 
condenser. Standard factory constructed and built-up 
units may be used singly or in multiple for applications 
of any specified capacity. Economizers for use with 
Freon as the refrigerant are furnished, as standard, 
with a liquid sub-cooling coil. Economizers also 
designed for cooling of quench oil and other liquid 
coolants. 


York V~W Condensing Unit 



York Sectional Economizer 



Air Conditioning Units: A complete line of finned coil, 
dry coil, wetted surface and spray type sectional air 
conditioners for horizontal or vertical applications, 
designed to facilitate installation and the distribution 
of air. Standard units can be equipped with by-pass 
feature and arranged for cooling and dehumidifying, 
heating and humidifying, for year-round processing. 

Yorkaire Unit Air Conditioner — A compact, self-contained 
model occupving but 21 x 42 inches of floor space and 
requiring only water, drain and electrical connections 
to operate. Special features provide utmost flexibility 
to meet varying conditions . Temperature dial control 
provides both automatic and manual temperature con- 
trol. Air volume and motion may also be adjusted by 
a special control and the directional grille provides 
directed atr^ow;— up, down or from side to side. May 
be used with ducts if desired. 

Yorkaire Conditioners are ruggedly built, quiet in 
operation, equipped with standard fan and compressor 
motors for AC or DC. 

Dehumidifiers — For central station systems where a 
large volume of air is to be handled and where control 
of humidity is an essential requirement, the York de- 
humidifier is especially applicable. Construction fea- 
tures insure a minimum space demand and maximum 
performance conditions. Standard washers are avail- 
able in a full range of capacities for industrial 
installation. 
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Worthington Pump and Machinery Corporation 


Albany Chablottb 

Atlanta Chzcaqo 

Baltimore Cincinnati 

BiBiaNOHAM Cleveland 

Boston Dallas 

Buffalo Denver 

Butte Detroit 


Air Conditioning and Refrigeration Division 

Geaerd Offlcw: HARSISOR. HEW JERSEY 


El Paso 
Fort Worth 
Galveston 
Houston 
Kansas \CiTT 
Knoxville 
Los Angeles 


Louisville 
Milwaukee 
New Haven 
New Orleans 
New York 
Omaha 
Philadelphia 


Phoenix 
Pittsburgh 
Portland, Ore. 
Providence 
St. Louis 
St. Paul 
Salt Lake City 


Representatives in all Principal Cities 


San Francisco 
Seattle 

Springfield, Mass. 

Syracuse 

Tulsa 

Washington, D. C. 
Wilmington, Del. 


Self-contained Air Conditioners 



’ Cooling (or heating, if 
desired), dehumidifi- 
cation, ventilation, 
circulation and air 
cleaning for commer- 
cial and small indus- 
trial applications. 
3 and 5 ton capacities. 
Hermetic compressor, 
finned copper tubing 
condenser, large-sur- 
face finned cooling 
coils. 


Freon Refrigeration Units 



For all air conditioning and refrigera- 
tion applications up to tons. 

Series HS Compressors — 3 and 5 hp, ver- 
tical, two cyl.; 7i hp four-cyl., V-type 
with Feather* Valves; splash lubrication. 
Series HF Compressors— \0 to 100 hp, four- 
cylinder V-type and six -cylinder W -type; 
full force-feed lubrication. Supplied with 
mounted horizontal cleanable type shell 
and tube condenser or for use with 
Worthington Evaporative Condenser. 


Air Conditioning Units 

f Series AHY and AVY 

millll Central Station Air 
Conditioners are for 
year-round air condi- 
tioning; heating coils 
and humidification 
can be added. AHY 
units for horizontal 
air flow, ceiling 
mounting; AVY verti- 
cal for floor mounting. 5 sizes from 2000 
to 12,000 cfm, 4 to 62 tons. With or 
without internal face and by-pass damp- 
ers, also cooling coils. 


Centrifugal Refrigeration 
Water Cooling Systems 



Freon -11 centrifugal compressor, water 
cooler and water-cooled condenser in 
compact unit assembly. Electric motor 
or steam turbine drive. 56 unit sizes 
. . . 150 to 1200 tons. 

Packaged Air Conditioners 

Series RCY for year- 
round air conditioning 
provides cooling, de- 
humidification, venti- 
lation, cleaning and 
heating of air. RCY- 
300 has nominal capa- 
city of 127,000 Btu/hr 
(10.5 tons) at ASHE 
rating and 3600-5100 
cfm. RCY-500 has 
capacity of 204,000 Btu/hr and 5400-7600 
cfm. Attractive styling, heavy steel 
frame with lightweight panels, balanced 
design, all parts accessible. 

Unit Heaters and Ventilators 

. Scries UHY unit 

|||||||||||H||^ heaters are blower 
type, for large 
spaces requiring 
heating 
and good ventila- 
tion. Prevent stra- 
tification and con- 

Can be arranged 
for automatically 
introducing out- 
side air or regulat- 
ing recirculated 
air. Five unit 
sizes, 16 arrangements, capacities from 
100,000 to 1,200,000 Btu/hr with air 
volumes of 1500 to 12,000 cfm. 
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EvaporatiTe Condensers 



Series ECZ Freon-12 illustrated. 10 to 
50 tons refrigeration. Units of sectional- 
ized construction ; all parts easily acces- 
sible. Galvanized steel coils for 
ammonia. Bare copper for Freon-12. 

Horizontal Refrigeration 
Compressors 



Horizontal Double-Acting Refrigeration 
Compressor in single or duplex types; for 
single or two stage compression. Capa- 
cities 50 to 1000 tons. 

Condensers and Brine Coolers 

Multi-pass, as 
illustrated, for 
closed systems 
and space sav- 
ing. Heads effi- 
ciently baffled 
to produce high 
liquid velocity. 
Vertical “Spira-Flo” types provided with 
circular water box and special water dis- 
tributors. Cleanable without interfer- 
ing with condenser operation. 


Commercial Product Coolers 



Both dry- and brine-spray types, in many 
sizes and arrangements for cooling, freez- 
ing and storage. Capacities from 2 to 15 
tons, 2000 to 17,000 cfm. 

Vertical Ammonia Compressors 



Pressure-lubricated, roller main bear- 
ings; safety heads; patented Feather* 
Valves; belt drive or direct connected to 
electric motor, diesel or gas engine; sizes 
3 X 3 to 10 X 10, 2-cylindcr. 

Booster Refrigeration 
Compressors 

Multi -cylinder vertical 

single-acting for capaci- 
ties up to 400 cfm. Hori- 
zontal double-acting for 
larger capacity require- 
ments. Designed to pro- 
duce and maintain low 
evaporator pressures re- 
quired for low tempera- 
ture applications in con. 
junction with compres. 
sion or absorption refrigeration systems. 
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AlllS-CHillliERS NANUrAaURING COMPANY 


Milwaukee 1 
Wiscon^ 



There is an Allis-Chalmers 
refresentatife near you. 


ALLIS-CHALMERS builds four major components for heating, ventilating and air- 
conditioning installations— in types and sizes for any requirement. A single source 
of supply means skilled sales service . . . coordinated installation . . . better unit 
responsibility. Bulletin 25B5170 describes Allis-Chalmers equipment for heating, 
ventilating and air-conditioning. 

ALL-PURPOSE MOTORS 



A complete line of to 200 hp motors is built by Allis- 
Chalmers for any requirement of speed and torque. 
Strong, distortion-resistant construction adds to motor 
life. 



SQUIRREL-CAGE 


WOUND ROTOR 

CENTRIFUGAL PUMPS 


SYNCHRONOUS 



The Electrifugal 

Motor and pump are built as one unit in the 
compact, efficient Electrifugal pump. Align- 
ment is no problem. Has deep-groove ball 
bearings for all-position operation. Takes 
up li less space. 15 to 1600 gpm; heads to 
500 ft. Bulletin 52B6059D. 



Dovble Suction Pumps 


Low Cost Pedrifugal 




Motor Controls 
Allis-Chalmers supplies mo- 
tor controls for every re- 
quirement operation. 

Reversin g and * non-revers- 
ing, manual or magnetic, 
across-the-line or reduced 
voltage. 



Dry Type 
Transformers 

A compact, quickly installed 
Class “B” insulated trans- 
former that has proved prac- 
tical in large heating and 
ventilating systems. Serves 
all circuits; all system loads. 
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Air Conditioning 


Automatic Heating 
Air Control 


American Foundry and Furnace Co. 

General Offices: Bloomington, Illinois 
P. O. Box 904 

Sales & Engineering Offices In Principal Cities 


Auburn, Tnd. Lige Warm. & Vent. Co. 

Boston Thermal Equipment Co. 

Chicago Gillespie-Dwyer Co. 

Cincinnati Walter A. Juergens 

Cleveland Amer. Warm . & Vent. Co. 

Denver Kenneth Stegemiller 

Des Moines Iowa Kol-Master Corp. 

Elmira, N. Y. Amer. Warm & Vent. Co. 

Grand Rapids R. T. Shuttleworth 

Indianapolis James H. Elliott & Assoc. 

Kansas City, Mo. John H. Kitchen & Co. 
Kenmore, N. Y. Murton J. Rodman 

Los Angeles Harry F. Haldeman, Inc. 

Milwaukee Amer. F dry. & Fur. Co. 


New Orleans R. K. Rothrock 

New York City The Demuth Co. 

Oakland Aladdin Heating ('orp. 

l^hiladelphia Amer. Htg. & Vent. Co. 

Richmond, Ind. Harry Hoff S.M. Works 

Richmond, Va. Richmond Equip. Co. 

St. liouis M . F. Carlock 

St. Paul .\mer. Fdry. & Fur Co. 

Salt Lake City Williams Gritton & Wilde 

San Antonio Langhammer - Riimmel 

Toledo Amer. Warm. & Vent. Co. 

West Lafayette, Ind. F. H. Speaker & Son 


F-12 LOUVER DAMPER 


Made to fit any size opening. Adaptable to 
automatic or hand control . Blades of 16 gage 
steel. Channel frames 2 x i x J in. stand- 
ard except in large sizes— optional J x 2 in. 
iron bar frame. Standard steel painted alu- 
minum — optional galvanized iron. Ball bear- 
ing blade pivots standard — optional brass 
tr unions. Made for vertical or horizontal 
installation. For industrial plants, power- 
houses, hotels, schools, theatres, etc. 

When F-12 is ordered with blades longer than 
48 inches, dampers are made in multiple sec- 
tions operating in unison. Motor brackets for internal or external mounting at extra 
charge. Motors and connecting linkage furnished by others unless specific arrange- 
ments are made. Standard is as illustrated with adjustable extended shaft. 

S-454-F COMBINATION STORMPROOF 
LOUVER and DAMPER 

Consists of galvanized iron frame with 26 gage gal- 
vanized iron stationary horizontal stormproof louver 
blades riveted securely to outside frame. Apron ex- 
tends over sill. Back of stormproof louver is No. 16 
mesh, rust-proofed, insect screen in “U” type remova- 
ble frame. Back of screen is multiple-blade ball bear- 
ing louver damper— similar to F-12 but with off-center 
axle — to control volume of air admitted. Louver 
damper blades of 16 gage steel galvanized. Frame 
of 2 X J X i in. galvanized channel iron. Dampers can — 

be automatically or manually controlled. Blades 
all work in unison . Made to fit opening size specified . 

Standard for 8 in. deep wall . Entire assembly or any 
part can be furnished made of aluminum, copper or 
stainless. 



SUPERIOR BLOWERS 

Forwardly Curved Multi blade Type 
Heavy Duty Construction 
Made in Single and Double Widths with wheel 
diameters ranging from 10 to 66 in., in 6 in. incre- 
ments. Capacity Range: 800 to 105,000 cfm 
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Americon Foundry and Furnace Co. 


Air Conditioning 


Automatic Heating 
Air Control 


HEAVY DUTY HORIZONTAL HEATERS 

Made of heavy cast iron for long, dependable 
service. Made in sections for easy assembly, 
or replacement of parts. Integrally cast fins 
for additional strength and heating surface. 

Direct Fired, with long fire travel for minimum 
fuel consumption . Designed to relieve internal 
stresses set up by heating and cooling. Licensed 
Engineer not required to operate. Reduces 
hazards of explosions, and damage to equip- 
ment from freezing. 

CENTRAL TYPE 
FORCED WARM AIR 

For schools, churches, theatres, auditori- 
ums, factories, drying plants, etc. 

For hand fired coal, stoker fired coal, oil or 
gas. Heats and ventilates with same sys- 
tem-uses part outside air to maintain air 
quality. Air Filters, Automatically Con- 
trolled Humidifier, and Automatic Tempera- 
ture Regulation available as optional equip- 
ment. 

Output Capacity Range per heater: 

Hand Fired Coal - 278,000 to 1,366,000 
Htu per hr. 

Stoker Fired Coal - 278,000 to 2,074,000 
Btu per hr. 

Oil or Gas - 278,000 to 3,580,000 

Btu per hr. 

Two or more heaters may be placed in one 
setting to provide any desired output capac- 
ity. 

Special models for coal, stoker coal, oil and 
gas; New Convertible Heater available 
which is convertible from one fuel to an- 
other. (See picture top of page.) 

UNIT HEATER TYPE 
FORCED WARM AIR 

For Industrial Buildings, Warehouses, Factories, 
etc. For oil, gas or stoker fired coal. Use for 
heating and ventilating, or for tempering outside 
air supplied to replace air exhausted. Each unit 
is complete heating plant. Induced Draft Fan 
optional. Output Capacity Range per Unit: 

Stoker Fired Coal - 669,000 to 2,028,000 Btu per 
hr. 

Oil or Gas - 440,000 to 3,580,000 Btu per 

hr. 

DOMESTIC HEATING EQUIPMENT 




June-Aire 
(?a« Fired 





June-Aire 
on Fired 


June-Aire Vertical 
Qw Fired 
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BRYANT HEATER COMPANY 

17825 St. Clair Avenue - - - Clevelandi Ohio 

Engineering, Sales and Installation Information on Bryant 
Equipment available through Bryant Distributors, 
D^ers and Gas Companies in principal cities. 


Bryant Gas designed boilers include 
tubular cast iron sections, ribbed 
^ lower tubes, large steam liberating 

areas, all heating surfaces readily ac- 
cessible for cleaning. Insulated metal 
covers and Bryant gas controls. Com- 
plete range of AG A inputs from 67,500 
to 3,996,000 Btu/hr for steam and hot 
water heating systems, volume water 
heating and industrial process. 
Bryant Forced Warm-Air Gas -Fired 
Furnaces complete with blowers, hu- 
midifiers and air filters are compactly 
designed for both small and medium 
sized housing, and for offices or indus- 
trial use. Models are available with 
heating sections made of either tubu- 
lar cast iron or 12-gage steel. All 
are A. G .A. approved with Bryant au- 
tomatic controls. 

Vertical Type — suitable for almost all 
installations; especially for utility 
rooms and closets where floor space 
is limited. Overall height approxi- 
mately five feet. Capacities range 
Forced Warm'Air Furnace from 45,000 to 145,000 Btu/lir input. 
{Verticai Type) Horizontal Type — ^low in height, best 
suited for low-ceiling installations. 
Available in sizes 60,000 to 375,000 
Btu/hr input. 

Bryant suspended ^e Gas-Fired Unit 
Heaters available in nine sizes rang- 
ing from 65,000 to 255,000 Btu/hr 
A GA inputs. Efficient heat exchanger 
of vertical tube construction. Avail- 
able in either cast iron combustion 
chamber, alloy steel tube or all steel 
types. Quick, clean, efficient heat for 
all types of industrial and commercial 
space. Flexible, automatic control 
and large volume air circulation pro- 
duce ideal space heating results. 

B^ant Air Dryers 
„ , , _ with rotary silica gel 

'.8 .completely 
automatic in operation 
and finds application 
for exact humidity control in industrial 
processing, comfort air conditioning and the 
drying and storing of hygroscopic materials. 

Available in air capacities ranging from 800 
to 15,000 cfm. Standard units are reacti- 
vated by gas. Indirect units arranged for 
use with high pressure steam coils or electric 
strip heaters are available. 

See your local Bxyant Distributor or write Dehumidifier 
for complete details and specifications. 
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Unit Heater 


Steam and Water Boiler e 


Forced Warm- Air Furnace 
{Horizontal Type) 
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DUO-THERM Division of Motor Wheel Corporation 
Lansing 3^ Michigan 


Duo-Therm Automatic Fuel Oil Furnaces 
are complete package unit cabinet 
models in baked enamel. They arc de- 
signed to fit any type home of average 
size. Can be installed with ease in the 
basement or in the utility room. Listed 
as Standard b 3 r the Underwriter's Labo- 
ratories and listed by the Canadian 


Standards Association — for use with No. 
1 or No. 2 fuel oil. Write for Engineer- 
ing Manual on Duo-Therm Oil Burning 
Furnaces. 

All models listed below tested and rated 
in accordance with commercial standard 
CS104, U. S. Department of Commerce 
at .06 draft an with CS12-48 No. 1 oil. 


DELUXE MODEL WINTER AIR CONDITIONER 

340-DB-78,000 Btu/hr gross capacity-1,000-1,700 
cfm blower output. 

350-DB-108,000 Btu/hr gross capacity-1,500-2,600 
cfm blower output. 




UNDERNEATH BLOWER MODEL 
WINTER AIR CONDITIONER 


340-UB-75,000 Btu/hr gross capacity-1,000-1,700 cfm blower out- 
put. 



GRAVITY MODEL FURNACE 

can be manually controlled or be 
equipped for automatic thermostatic 
control. Can easily be converted to 
either DeLuxe or Underneath blower 
types . Available in 3 sizes as follows : 

339- M— 73,100 Btu/hr gross capacity. 

340- T 

349-M— 104,000 Btu/hr gross capacity. 
360-T 


1051 




Air Conditioning . 


lent 

ices 


Campbell Heating Company 

31st and Dean, Des Moines, Iowa 
SUMMER and WINTER AIR CONDITIONING 
Industrial, Commercial— Institutions, Residences 

Eastern Representative: O. C. Adams, 41 East 42 St., New York 17, N. Y. 


CAMPBELL ‘‘WINTER-CHASER” AIR CONDITIONING SYSTEM 

The Campbell “Winter-Chaser” System provides all the essentials of winter air 
conditioning; Simultaneous control of temperature, humidity, air circulation and air 
cleanliness, besides providing fresh air for ventilation, quick heating, flexibility; and 
a summer cooling effect. Campbell equipment is built of the best materials ol)tain- 
ablc, and has been developed through over sixty years of experience. The system is 
designed by competent experienced engineers and installed by experienced mechanics. 
It is guaranteed as to results and for 10 years as to durability. We will be glad to 
help solve any heating or ventilating problems or help with layouts and specifications 
for churches, schools, garages, etc. 

For Large Schools, Churches, Commercial and 
Industrial Buildings 

GAS— OIL— STOKER OR HAND FIRED 



Furnace 

Number 

Sq. Ft. 
Grate 

Heat- 
ing Sur- 
face 
Sq. Ft. 

For 

Building 
Heat Lora 
Btu 

Maximum 

Capacity 

Btu 

Blower 

CFM 

Size 

Motor 

Dimensions 

Casing 

Addnl. 

Space 

for 

Blower 

A 

8075 


280 

483.000 

725,000 

8850 

IT 

75 X 80- 88* high 

54' 

4500 

8100 

10 

320 

596,000 

893,000 

10900 

1 

75 X 93— 96' “ 

60' 

5500 

8125 

12H 

360 

720.000 

1.080,000 

13200 

VA 

75 X 105- 96' “ 

66' 

6500 

8150 

15 

440 

850.000 

1,275,000 

15600 

2 

75x 118-102' “ 

66' 

7500 

8175 

17H 

1 480 

960.000 

1,440,000 

17500 

2 

75 X 130-102' “ 

72' 

9000 

8200 

20 

600 

1,150,000 

1,725,000 

21100 

2 

94 X 137-120' “ 

76' 

10000 

8250 

25 





3 

94x 157-120' “ 

76' 

12000 


Unit includes furnace, casing, bbwer, motor, V-flat drive. 
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CAMPBELL “WINTER-CHASER” AIR CONDITIONING SYSTEM 
ENGINEERING SERVICE 

Our Engineering Dei>artment consists of trained graduate engineers backed by 60 
years of practical experience. We will be |lad to help solve any heating or ventilating 
problems or help with layouts and specifications for churches, schools, garages or any 
large building. 


GUARANTEE 

If the duct system is designed or approved by our Engineering Department, and 
heater and blower are furnished by us and are according to our ratings, we will guaran- 
tee any heater for ten years against repairs from any cause and will guarantee the 
heating of all rooms to which warm air is delivered to 70° in the coldest and windiest 
weather. The motor, humidifier, automatic burner and controls, and other parts 
made by others carry their manufacturers’ guarantee. 


GAS OR OIL FIRED 



No. 

Heut Lobs 
of Hldg., 
Btu per hr. 

Output at 
Registers, 
Btu per hr. 

1 Heat- • 
ing Sur- 
! face, 
sq. ft. 

*C.F.mJ 

for 136** 
Register 

^Motor 

1 Sise, 
H.P. 

Gals. 

Oil 

R? 

Gas or Oil 
Input, 
Btu per hr. 

No. of 
Filters and 

Casing Size, inches 

Temp. 

Size, inches 

L 

W 

Ht. 

1866 

100,000 

112,000 

66 

1400 

¥ 

1 

140,000 

4-16 X 20 

78 

41 

62 

18100 

160,000 

168.000 

100 

2100 

K 

IH 

210,000 

4-20 X 20 

86 

41 

67 

27133 

200,000 

224,000 

133 

2800 


2 

280.000 

6-16x25 

87 

60 

61 

30166 

260.000 

280.000 

166 

3600 

M 

2H 

360.000 

6-16 X 26 

92 

60 

74 

30200 

300,000 

336,000 

200 

4200 

H 

3 

420.000 

0-16x26 

97 

60 

74 

30233 

360.000 

302.000 

233 

6000 


3H 

400.000 

12-20 X 20 

104 

80 

72 

30260 

400,000 

448.000 

260 

6600 

H 

4 

660,000 

12-20 X 20 

104 

80 

72 


For churches, schools, or buildinss where rspid temperature raising is necessary 


133D 

200,000 

290.000 

133 

3700 


3 

366,000 

6-16 X 26 

87 


1 61 

166D 

260.000 

366.000 

166 

4600 

£4 

3H 

466.000 

6-16x26 

92 


Kl 

200D 

300.000 

440.000 

200 

6600 

£4 

4 

660,000 

9-16 X 26 

97 


mm 

233D 

360,000 

610,000 

233 

6400 


4H 

636.000 

12 - 20 x 20 

104 


mm 

260D 

400.000 

680.000 

260 

7300 


3H 

730.000 

12-20 X 20 

104 



266D 

460,000 

660.000 

266 

8300 

1 

6 

820,000 

12 - 20 x 20 

104 


H 


Campbell Heaters are guaranteed to deliver full rated capacity. 
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AIRTEMP DIVISION OF CHRYSLER CORPORATION, DAYTON I. OHIO 


“PACKAGED” AIR CONDITIONERS 
AVAILABLE IN 3 and 5 H. P. 
COMPLETE— Cools, dehumidifies, filters, circu- 
lates the air. Free air discharge or duct distribu- 
tion. Heating coil for year ’round service, 
optional. 

COMPACT — Everything enclosed in a rust-re- 
sistant “Bonderized” cabinet of modern design 
with chrome hardware and trim. Occupies mini- 
mum of floor space— 4.7 sq ft for 3 hp and 6.5 sq ft 
for 5 hp. 

NEW AIRFOIL GRILLE— The modern Airtemp 
grille is fully adjustable for horizontal and vertical 
air flow. The grille vanes are made of extruded 
aluminum for streamlining and beauty. 

EASILY, QUICKLY INSTALLED— Tested and 
completely assembled at the factory. Needs only 
three connections; electric, water and drain. 
SEALED RADIAL COMPRESSOR- Quiet, all 
moving parts balanced to eliminate vibration. 
Entire compressor assembly suspended from single 
rubber mounting. Long life because vital moving 
parts are ‘^super -finished” and pressure lubricated. 
FLEXIBLE— * ‘Packaged” Air Conditioners can be 
installed singly or in multiple to meet almost any 
requirement. Can be moved easily. 

CHRYSLER AIRTEMP RADIAL CONDENSING UNITS 

AVAILABLE IN 10 TO 75 
HORSEPOWER CAPACITIES 

These heavy-duty Radial Condensing 
Units, for use with Freon, are espe- 
cially adapted for refrigeration, for in- 
dustrial processes or air conditioning. 

Airtemp Radial compressors are direct 
connected and have force-feed lubri- 
cation. The automatic capacity-re- 
duction device gives variable capacity 
. . . high operating efficiency. Light 
in weight and economical to operate, 
these condensing units arc shipped 
ready to run. Vibrationless, they are 
very easy to install because special 
foundations are not necessary. Each 
pressure vessel approved by Under- 
writers Laboraiones, Compressor 
units arc also available for use with 
evaporative condensers. 

AUTOMATIC UNLOADER 

The automatic cylinder unloading de- 
vice permits starting the compressor 
under no load and keeps the compres- 
sor automatically adjusted to varying 
loads with no stopping and starting 
during operation. 
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Automatic Capacity Regulation#Unloaded 
Starting^Direct Connected# Simplified In- 
stallation# Conmact Design #Practically No 
Vibration#No Special Foundations Needed 
# Interchangeable Parts. 
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AUTOMATIC HOME HEATING 








VAPORIZING-OIL-BURNING AUTOMATIC FURNACE . . .Models 
for forced -air — 56,000 Btu output ; gravity, 50,000 Btu output. Sure- 
Draft Fan assures highest overall efficiency. *‘Bonderized” and in- 
sulated jacket. Forced air model approved for closet installation, 
Underwriters' Laboratories y Inc, 

OIL-FIRED AUTOMATIC FURNACE . . . Heats, humidifies, filters 
and circulates the air. Five models, from 70,000 to 160,000 Btu out- 
put. ‘^Bonderized’’ and insulated jacket. Metal combustion 
chamber, seam-welded firebox of copper-bearing steel; large, slow- 
speed, rubber mounted fan. Airtemp oil burners on all models. 
Approved by Underwriters' Laboratories y Inc. 

GAS-FIRED AUTOMATIC FURNACE . . . Heats, humidifies, filters 
and circulates the air. Steel Models 80,000 to 160,000 Btu output. 
Cast-iron Models 50,000 and 75,000 Btu output. ‘‘Bonderized” and 
insulated jacket. The Airtemp ‘‘Silent Flame^^ Gas Burner starts, 
stops and operates quietly, has many exclusive features — no popping 
or flash-backs. Approved, A.G.A. Laboratories. 

OIL-FIRED STEEL BOILERS . . . Three models— BLF-1 10 rating 
460 sq ft KDll, BLF-165 rating 690 sq ft EDR, BLF-220 rating 920 
sq ft EDR, of steam at the boiler header. Combustion chamber of 
quality chrome steel. Boiler is combination of “Scotch Marine” and 
Locomotive types. Complete with Airtemp burner and all controls. 

COAL-FIRED FURNACE, GRAVITY . . . Furnace body of heavy 
steel boiler plate — seams electrically welded. Front, heavy gauge 
pressed steel. Fire brick lining. Sizes 22 in., 24 in., and 27 in.; Btu 
at bonnet, 108,000, 119,700, and 154,200. 

COMBINATION HEATING AND COOLING FOR THE HOME . . . 

Combination of a 3 hp or 5 hp Chrysler Airtemp “Packaged” Air Con- 
ditioner and any of the larger Chrysler Airtemp automatic furnaces. 
The same blower, filters and ducts of the automatic heating system 
are employed for cooling in the summer. 

STOKERS . . . Domestic, available in both hopper and bin-feed 
models for anthracite or bituminous coal for burning 15 to 35 lb per 
hour. Powerful transmission, sectional retort and safety coupling 
. . . eliminates shear pins. 

CONVERSION OIL BURNERS . . . Pressure-atomizing oil burner, 
1 .35 to4.5 gallons No. 3 furnace oil per hour. All Airtemp Oil Burners 
are approved by Underwriters' Laboratories, Inc^ 
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HE Mjxer Furnace GbMR\^ 

Peoria. Illinois 

Manufacturers of Heating and Air 
Conditioning Equipment for Coal, 

Gas and Oil Burning 



Brancheo and Dittribotors 
Atlanta, Ga. 
Birmingham, Ala. 
Chicago, 111. 
Columbus, O. 

Des Moines, Ia. 
Florence, S. C. 

Green Bay, Wis. 
Kansas City, Mo. 
Lima, O. 

Milwaukee, Wis. 

New York, N. Y. 
Omaha, Nebr. 

PHILADELPHIi^ Pa. 
Pittsburgh, Pa. 


WEIR and MEYER Steel Warm-Air Furnaces, of welded -and -riveted gas-tight 
construction, have an 80-year reputation for efficiency, dependability and dura- 
bility. They are available for small and large requirements and for all fuels in a 
wide variety of firing applications. 



“B” iSertea Heaoy Duly U Series Qravily U Series F-A “500” Series Heavy Duty 


WEIR COAL FIRED UNITS SERIES) 

Available in Five Sizes For Both Gravity and Forced Air Domestic Heating 
The Series WEIR hand-fired coal furnace embodies a new construction principle 
(patent applied for) which when combined with its other time-tested WEIR features 
provides an outstanding heater. The gravity furnace as shown above ranges in 
register capacity from 50,000 to 170,000 Btu per hour. The rectangular -cased forced 
air furnace shown above ranges from 50,000 to 190,000 Btu per hour output at the 
register. This series may be stoker-fired or oil-fired though other designed furnaces 
are available for the particular fuels. 


GRAYITY 


Forced air 


Fee. 

No. 

Output 

at 

Bonnet 

Sfl 

2.2 

PQ 

oo 

•ill 

las 

Fee. 

No. 

Output 

at 

Bonnet 


L 

W 



W. A. 
Plenum 

No. & Size 
of Filters 

Fan 

Size 

•*» N 


fTTii 

20 

42 

9 

mm 

79.000 


52 

BTil 

53 

11x26 

24x26 


9 


22U 

■If* ii'liiij 

22 

46 

9 

22UC 

wmm 

1415 


46 

53 

14x35 

30x35 


12-3 

H 

24U 

■All ii!i!il 

24 

48 

9 

24UC 

135,000 


60 

46 

53 

14x35 

30x35 


12-3 

H 

27U 

■ E : IlflM 

27 

1^ 

9 

27UC 

161,000 

1755 

68 

48 

55 

18x37 

35x37 

3 • 16x25x2 

12-3 

K 

EM 



54 

10 

FTiTilsl 

191,000 

wmm 

71 

52 

57 

18x41 

38x41 

3 - 16x25x2 

12 

H 


HEAVY DUTY 

Manufactured in the Following Seven Sizes for Heavy Duty Service in all Types of Large Buildings 
WEIR Heavy-Duty furnaces consisting of the Series and the 500 Series illustrated 
above are ideal for industrial and commercial service and for schools, churches and 
other large spaces. Capacities range from 300,000 to 1,500,000 Btu per hour, designed 
onlv for forced air circulation but suitable for hand-firing or can be adapted for 
stoker, gas or oil firing. 


Furnaee 

Number 

Btu at 
Bonnet 

Cfm 

Fan 

Size 

Motor 

Size 

Hp 

No. A Size 
of Filters 

Stoker 

Size 

Oil 

Burner 

Gph 

Smoke 

Collar 

Diam. 

Overall 

H 

w 

L 

36R 


KEjXll 

2r 

IH 

8 -20x20x2 

63 

4.5 


M7il 


119 

88R 



25*' 

3 

M /V>li7VU 

75 

5.5 


I7il 


119 

540B 



2-18'' 

3 


mSM 

6 

12 


92 

108 

544B 



2-21" 

3 



7.25 

12 

is 

■TiTiM 

108 

644BS 


■j.wMig 

2-21" 

3 


■19 

7.75 

12 

92 

WSSm 

108 

544B-2VR 


■tWijiliM 

2-25" 

5 

24 -20x20x2 

■19 

9.5 

2-12 

84 

124 

mEm 

544B-2VRS 

1.000.000 


2-25" 

5 

24 - 20x20x2 


11 

2-12 

96 

124 

JE 
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Me/er Furnace Q>MmNy 

PEORIA.ILLINOIS 


Manufacturers of 
Heating and Air 
Conditioning Equip- 
ment for Coal, Gas 
and Oil Burning 


MEYER OIL AND GAS FIRED EQUIPMENT 



*‘il” SerieB OH Fired Seriea Oae Fired “B” Seriee Hi-Boy Seriea OH Fired 


The MEYER oil-fired air conditioners are available in three types— the Series 
suitable for basement installation in two sizes with outputs from 110,000 Btu to 

165.000 Btu. The “B** Series Hi-Boy suitable for either basement or first floor instal- 
lation in basementless houses available in two sizes with capacities of OS^SOO Btu to 

110.000 Btu. The Series oil-fired air conditioners made in two sizes with outputs 
of ^3,000 Btu and 294,000 Btu suitable for larger spaces. 

SERIES OIL FIRED AIR CONDITIONERS 


Built for Fine Homes. Compact in Size. But Highly Efficient 


Furnace 

Number 

Input 

Btu/Hr 

Gph 

Output 
at Bonnet 

Cfm 

TSS" 

Size 

Tit?r 

Hp 

No. & Size 
of Filters 

Vent 

Diam. 

s 

□ 

i 


mtWiWM 



1 

HliKIiini 

EHilil 

mm 

X 


6 


25 



20x21 

A-150 


1.5 

166.000 


12 

4 - 16x20x2 

1 8 

m 


ta 


24x28 


SERIES OIL FIRED HI-BOY 

This High-Boy Handles Small Homes and Buildings Using A Minimum of Floor Space 




lEH 

93,500 

IMl 

10 

WKM 

1-25x20x1 

■91 


PI 

El 






110,000 


10 

mm 

1 -25x20x1 

ili 

El 


Kil 


f 


SERIES OIL FIRED AIR CONDITIONERS 
A Heary Duty Type Unit That Has A Fine Background of Successful Service 




m 

203,000 

wmm 


■19 


9 


El 

19 





mm 

294,000 


■El 

k1 


9 

ta 


la 




The MEYER gas-fired air conditioner as illustrated above is available in five sizes 
from 110,000 Btu per hour to 495,000 Btu per hour input capacities. 

'T” SERIES GAS FIRED AIR CONDITIONERS 


These Units are Unusually Compact and Can Be Equipped For Manufactured, Natural, or 
Liquiaed Petroleum Gas 


Furnace 

Number 

Input 

Btu/Hr 

Output at 
Bonnet 

Cfm 

Fan 

Size 

Mtr. 

Hp 

Vent 

Diam. 

No. dc Size 
of Filters 

L 

W 

H 

W. A. 

Plenum 

R.A- 

Plenum 

F-10 

110,000 



10* 

24 

5 

2 - 20x20x2 

66 

25 

48 

20x21 

20x21 


165,000 

182,000 


12*' 

24 

6 

4 - 16x20x2 

69 

32 

48 



F-20 

220,000 

176.000 



TV 

2-5 


65 

46 

48 

■ T?iTrl 

20x42 

F-80 

880,000 

264,000 


2-12* 

H 

2-6 


69 

60 

48 



F-45 

496,000 

896,000 


8-12* 

Lh_ 

8-d 

8 - 20x20x2 

69 

88 

1 48 
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Type “102” “ 107 ” Type “109” 


This gas-fired winter air Gas -fired cast iron winter Gas-fired winter air con- 

conditioner is of steel sec- air conditioner for base- ditioner for basement or 

tional construction, with ment or utility rooms. utility room installation, 

the blower compartment Furnished in three sizes Available with A.G.A. 

at the rear of the unit. with A.G,A, input rat- inputs of 67,500, 100,000 

It is available in two sizes ings of 60,000, 90,000 and and 135,000 Btu. Con- 

with A.G.A. input ratings 120,000 Btu per hour. vertible to oil firing with 

of 180,000 and 225,000 Btu Also available for gravity either vaporizing or pros- 
per hour. operation as Type 106. sure-atomizing burners. 



Type “10” 

Gas-fired boiler, with 
enclosed controls , used 
for residential instal- 
lation. It has A.G.A. 
rating of 290 to 2015 
sq ft for water and 180 
to 1260sqft for steam. 
Approved for LP-Gas. 


Type “11” 

Gas -fired boiler, with 
exposed controls, used 
for home installation. 
It has A.G.A. ratings 
of 290 to 2015 sq ft for 
water and 180 to 1260 
sq-ft for steam. Also 
approved for LP-Gas. 
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Type “20” 

Gas-fired boiler used primarily for 
large installations. It has A .G.A . 
ratings of 1010 to 20,160 sq ft for 
hot water and 630 to 12,600 sq ft 
for steam. Both this boiler and 
the Types “10” and “11” can be 
equipped for both direct and in- 
direct water heating applications . 



I. J. Muetter Furnace Co. 
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Type “901” 

Summer air conditioner 
available in 3- and 5-ton 
sizes. Shown installed 
in Type 105 gas -fired 
furnace, which has A.- 
G.A, inputs of 100,000 
and 150,000 Btu. . 



Type ‘‘50” 

Oil-fired winter air condi- 
tioner with outputs at 
register of 100,000 to 225,- 
000 Btu, with selection of 
blower sizes. Fired by 
pressure -atomizing burn- 
er. Welded steel heat 
exchanger. 



Type ‘‘450” 

Oil-fired conversion 
burner of the pressure - 
atomizing type. Burner 
is available with inputs 
of 1 gallon through 5 gal- 
lons of oil per hour. 



Type ‘‘UH” 

Gas -fired unit heater for 
space-heating require- 
ments. Available with 
A,G.A. inputs of 67,000 
to 540,000 Btu per hour. 



Type *‘202‘’ 

Oil-fired winter air condi- 
tioner available with in- 
puts of 100,000 and 150,000 
Btu. Unit may be con- 
verted to gas. Also 
available for gravity op- 
eration. Fired by vapor- 
izing or pressure burners. 



Type ‘‘500” 

Gas-fired conversion 
burner available with 
A. G. A. -listed maximum 
inputs of 125,000, 175,000, 

225,000 and 275,000 Btu 
per hour. 
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Type ‘‘OH-57” 
Oil-fired unit heater used 
primarily for commercial 
and industrial applica- 
tions. Available with 
outputs of 54,000, 80,000, 

108,000 and 250,000 Btu 
per hour. 



Type ‘‘209” 

Oil-fired winter air con- 
ditioner with 100,000 and 

135.000 Btu inputs with 
pressure burner; 67,500, 

100.000 and 135,000 Btu 
with vaporizing burner. 
Can be converted to gas 
firing. 



Type ‘702” 

Steel coal furnaces manu- 
factured in 20, 22, 24, 27 
and 30 in. sizes. Type 
”FB” cast iron furnaces 
made in 20, 22, 24, 27 and 
30-in. sizes. 


AirCondUhning*a^BX 


The Waterman-Waterbury Co. 

Minneapolis 13, Minnesota 

Manufacturers of WATERBURY Coal, Oil and Gas 
Fired Furnaces and Air Conditioning Equipment 


® WATERBURY GAS-TITE FURNACE 700 Series 

The welded steel furnace body keeps dust, smoke and fumes out 
of the air stream. A large combustion chamber and radiator with 
long fire travel insure efficiency and economy. 

Also furnished in a complete home Air Conditioner. 


Siie 

Pur- 

naoe 

Diameter 

Height 

Steel Thickness 

Diam. 

Smoke 

Pipe 

Approx. 

&ip- 

Fur- 

nace 

Casing 

OutputlRatings 

Fur- 

nace 

Body 

Pipe 

Casing 

Fur- 

nace 

Body 

Pipe 

Casing 

dcHood 

Body 

Head 

Radiator 

Sq In. 
Lttder 
Pipe 

Btu 

at 

Bonnet 



39* 

49* 

64* 

■lijil Wl 

msEm 

12 Ga. 

8* 

631 

482 

87.629 

722 

22-^ 

41* 

49* 

64* 

■tiKW 

7Ga. 

12 Ga. 

8* 


606 


724 

24"" 

44* 

49* 

64* 

7Ga. 

7Ga. 

12 Ga. 

9* 


641 


727 


46* 

65* 


7Ga. 


12 Ga. 

9* 

866 

672 

121,866 


Gastite Air Conditioner 



Size 

Width 

Length 

Height 

Size 

Out- 

let 

Open- 

ing 

Size 

Inlet 

Open- 

ing 

No. 

of 

Fil- 

ters 

Size 

Filter 

Blower 

C. F. M. 
Range 

BTU 

Output 

720-10 

36* 

50* 

62* 

28x32 

16x32 

2 

16x20 

376 to 1050 

87,963 

722-10 

38* 

54* 

62* 

28x34 

20x34 

2 

16x25 

375 to 1060 

94,011 

724-10 

40* 

68* 

62* 

30x36 

22x36 

2 

20x25 

375 to 1060 

100,193 

724-12 

40* 

68* 

62* 

30x36 

22x36 

2 

20x26 

645 to 1677 

100,193 

727-16 

44* 

61* 

69* 

26x36 

22x36 

2 

20x26 

922 to 2397 

142,570 



WATERBURY GAS FIRED AIR CONDITIONER 

The latest achievement of Water bury 's engineers, designed 
specifically for gas. Completely automatic — filtered, humidi- 
fied forced air — enclosed in a compact, baked enamel casing. 
Can also be furnished for Propane or Butane. 


Size 

Input 

Rating 

BTU 

Per 

Hr. 

BTU 

Out- 

put 

Blower 

C. F. M. 
Range 

Width 

Length 

i 

Size 

OuUet 

Size 

Return 

Inlet 

No. of Filtera 

Size 

]^h 

FUter 

Flue 

ameter 

CQ 

6413A— OB 

90000 

72000 


28* 

69* 

48* 

23x24 

16x24 

2 

16x26 

6* 

ly* 

6413A— OHBB 

90000 

72000 


28* 

28* 

67* 

24x24 

16x22 

2 

16x26 

6* 

t^* 

6416A— lOB 

120000 

97000 


28* 

61* 

63* 

23x24 

18x24 

2 

16x26 

6* 

ly* 

6418A— 12B 

150000 

■KOICU 

646 to 1677 

34* 

71* 

63* 

80x30 


2 


6* 

1* 

6426A— 16B 

180000 

144000 


66* 



24x61 

28x36 

4 

16x20 

2-6 to 7 

1* 

6430A— 18B 

240000 

192000 

1232 to 8204 

56* 

60* 

68* 

24x61 

28x»6 

4 


2-6 to 8 

IK' 


MASTER BLOWERTROL 


This control is now standard eqmpment on all Waterbury units with a i hp or smaller 
blower motor. It gradually increases and decreases blower speed. With this device 
you have almost continuous air circulation during the heating season. Those units 
equipped with Blowertrol have the letter ‘‘B” following the unit number. 
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The Waterman-Waterbury Co. 


Mixmeapolis 13, 
Minnesota 



WATERBURY 6300 Series OIL FIRED AIR 
« CONDITIONER 

Completely automatic oil heat with forced, filtered, humidi- 
fied air, all enclosed in one compact casing finished in baked 
enamel. 


Sisse 

Input Rating 
Gal Oil 
per Hr 

Output 

Capacity 

Btu per Hr 
at Bonnet 

Width 

Casing 

Length 

Casing 

Height 

Overall 

Size Outlet 
Opening 

Size Return 
Inlet 

Opening 

Distance 

between 

Opening 


Size each 

Filter 1 

Diam. Smoke 
Pipe 

6313A-9B 

M sal 


28^ 

69* 

48* 

23x24 

24x16 

2* 

2 

16x26 

6* 


1 sal 


28" 

er 

63* 

24x23 

24x18 

2* 

2 

16x26 

7* 

6313A- 

9HBB* 

sal 


28^" 

28* 

67* 

23x24 

22x16 


2 

16x26 

6* 

6315A- 

lOHBB* 

1 sal 


H 

m 

76* 

26x26 

22x16 


2 

16x26 

7* 


* HB indicates a Hi-boy model 

WATERBURY GAS GRAVITY FURNACE 


Size 

Furnace 

Input 
Rating 
Btu 
per Hr 

Output 
Rating Sq 
In. Warm 
Air Pipe 

Width 

In. 

Length 

In. 

Height 

Overall 

In. 

Size 

Outlet 

Open- 

ing 

•*Rec. 

Flue 

Pipe 

Diam. 

Size Gas 
Connec- 
tion Re- 
quired In. 

6413A- 

90000 

67600 

28* 

28* 

48* 

24x24 

6* 


Q 

6416A- 

120000 

90000 

30* 

30* 

63* 

26x26 

6* 


6418A-G 

140000 

106000 

40* 

40* 

63* 

36x36 

6* 

1* 




SEAMLESS OIL FIRED FURNACE BODY 

Specially engineered for oil firing only, it may be used as a 
gravity circulating pipe furnace. It is the heating element of 
the Comfort rol Oil Fired Air Conditioners. 


Specifications Comfortrol Oil Fired Air Conditioners 



Input 
Hating 
Gal per 
Hr 


Normal 

Cfm 

Range 


Length 

Over- 

all 


Size 

Outlet 

Size 

Inlet 

Filters 


Size 

Btu 

Output 

Less 

Front 

Hoodt 

Height 

No. 

Size 

Smoke 

Pipe 

1322- 

12B 

1.6 

164, 177 

646 to 1677 

44* 

72* 

64* 

36x36 

18 x24 

{i 

16x25 

16x26 

8 

1322- 

1.6 

164,177 

922 to 2397 

44* 

74* 

64* 

36x36 


4 


8 

16B 

1324- 

2.0 


922 to 2397 

48* 

78* 

64* 

40x40 

25hix34;6 

4 

16x20 

8 

16B 

1324- 

2.0 


1232 to 3204 

48* 

81* 

64* 

40x40 

40 x36 

4 

20x26 

8 

18B 

1327- 


273,609 

1232 to 3204 

62* 

86* 

64* 

44x44 

40 x36 

4 

20x25 

9 

18B 

1»Q7.21 

pi 



62* 

85* 

64* 

44x44 

38 x44 

6 

16x26 

9 



328:364 

R 1 In 1 a yfy Wtti 

56* 

89* 


48x48 

38 x44 

6 

16x25 

9 

1333-21 

MW 




104* 

72* 

62x62 

46 x48 

6 

20x25 

9 

1336-24 



1968 to 6118 

66* 

no* 

81* 

68x58 

a 

46 x48 

fcT -■ - 

6 


9 


} Burner hood all sises is 24 in. wide. 10 in. deep. 



GAS CONVERSION BURNER 

A real gas burner, the same as used in the Gas Air 
Conditioner. Can also be furnished for Propane or 
Butane. 


Number 

Maximum 
Btu Input 

Maximum 
Cubic Feet of 
Mixed Gas 

Cubic Feet of 
Manuf*d Gas 

Minimum 
Firs Pot 
Size 

G-lOO 


208 

300 

18 Inch 
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Air Conditioning • 


Rheem Manufacturing Co. 



570 Lexington Ave., New York 22, N. Y. 

9 Plants in U. S. A.— foreign affiliated companies 
in Brisbane, Melbourne, Sydney, Rio de Janeiro, 
Singapore, Hamilton, Canada, and Zaan Dam, Holland. 



CONSOLE HEATER — modern warm air heating appliance for 
small homes. Handsome walnut finished cabinet blends with fur- 
nishings. Available with manual or automatic controls, for opera- 
tion with any type of gas including LP. 25,000, 35,000 and 50,000 
Btu’s. Oil-fired models also available. Thermostat optional. 



FLOOR FURNACE—compact warm air furnace for small 
homes. Can easily be installed beneath floor. Works on any 
type of gas fuel. Also available in dual-w^all models. 25,000, 
35,000 and 50,000 Btu’s. Oil-fired model also available. 



GRAVITY FURNACE— economical warm air furnace for central 
heating. Has efficient burner unit and combustion chamber. For 
any type of gas including LP. 75,000, 187,000 Btu’s. Similar 
model for coal also available. 



WINTER AIR CONDITIONER— fully automatic w^arm air fur- 
nace, with blower-filter unit and humidifier enclosed in a deluxe 
casing. Highboy and Lowboy models. Operates on any type of 
gas. 60,000 to 350,000 Btu’s. Coal and oil-fired models also 
available. 


NOTE: Complete specification data will be rushed upon request. 
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Airtherm Manufacturing Company 

728 S. Spring Ave. 

St. Lotus 10, Mo. 


I 




AIRTHERM Steam Unit Heaters 

Airtherm Horizontal Propeller Type 
Steam Unit Heaters are available in 
capacities from 27,000 to 270,000 Btu. 
Vertical discharge models also available. 
Write for Bulletins 1206 and 1207. 


AIRTHERM Gas or Oil Fired 
Space Heaters 

A complete factory heating unit. Ca- 
pacities from 650,000 to 1,950,000 Btu per 
hour. For detailed information, write 
for Bulletin 801-A. 



AIRTHERM Convectors 

Airtherm Convectors are available in 
three cabinet styles— Type F, free stand- 
ing or partially recessed; Type W, wall 
cabinet; and Type S, sloping top wall 
cabinet — in a complete range of sizes. 
Write for Bulletin 701. 



Airtherm Blower Fan Type Unit Heater 
available in capacities from 222,000 to 
827,000 Btu. Floor, vertical or hori- 
zontal models. Write for Bulletin 401. 
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Campbell Heating Company 

3121 Dean Ave., Des Moines, Iowa 

DISECT FISED SPACE HEATERS 

Oil, Gas, Stoker, Hand Fired or Combination Gas and Oil Fired 


Heater Guaranteed for 
10 Years from Any 
Cause, Blower, Motor, 
Burner and Controls, 
for One Year Against 
Defects. 

The Campbell Dir- 
ect Fired Space Heat- 
ers are designed to be 
located in the room to 
be heated but they can 
be connected to a duct 
system for heating 
any t3rpe of building 
and are quiet enough 
to be used in churches, 
schools, etc 

They are designed 
to be snipped as a com- 
plete unit ready to 
connect to fuel line, 
electric power and flue 
but they can be ship- 
ped in sections for as- 
sembling in a base- 
ment room. The steel 
heater is then assem- 
bled and welded on 
the job. 



Furnished also for Gas, Stoker or Hand Firing 


Unit 

Num- 

ber 

Btu (1) 
Output 
Capacity 

70“ Return Air- 
No Ducts 

Heat' 

Su^ 

Ft. 

Overall 

Dimensions 

inches 

Not incl. 
burner 

Stack 

Connection 

Firing Rates 

Approx. 

Snip- 

pinw 

Weight 

Blower 

CFM 

(2) 

Motor 

HP 

(3) 

W L Ht. 

Dia. In. 
(4) 

Oil 

GPH 

1000 Btu 
GAS 
C.F.H. 

Stoker 

Lbs/Hr 

Ua)75 

725,000 

8,850 

2 -4 HP 

280 

75 80 114 

12 

7.0 

900 

80 

5,000 

U8100 

893,000 

10,900 

2-1 HP 

820 

75 93 118 

14 

8.6 

1,120 

100 

6,000 

U8125 

1,080,000 

18,200 

2-1 HP 

360 

75 105 120 

16 

10.5 

1,350 

125 

7,000 

U8150 

1,275,000 

15,600 

2-1 HP 

440 

75 118 120 

16 

12.0 

1,600 

150 

8,000 

U8175 

1,440,000 

17,500 

2-1 HP 

480 

75 130 120 

18 

14.0 

1,800 

175 

10,000 

U8200 

1,725,000 

21,100 

2-1 HP 

600 

94 137 136 

20 

16.6 

2.150 

200 

11,000 

U8250 

2,160,000 

26.400 

2-UHP 

750 

94 157 136 

20 

20.6 

2,700 

250 

18,000 


(1) Heat Emission per square foot of heating surface is 3000 Btu per hour or less. If 

heater is not located in room to be heated an allowance for radiation losses 
should be made. 

(2) Rated air volume produces 75 deg air temperature rise through the heater. This 

air volume can be varied to suit other conditions. 

(3) Motor size can be increased to provide for any duct system. 

(4) An induced draft blower can be furnished if a stack or chimney is not available. 

The gas passages of the heater are adequate so that an induced draft blower is 
not ordinarily necessary. 

For iota on other CatnjiMl ProiveU «m paget 1052, 1058. 

FA8TIBBN RBPBsuiiTAnys: O. C. Adams, 41 East 42nd Sr., Nbw Yobk 17, N.Y. MUrray Hill 7-4044 
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£. K. Campbell Heating Company 

Kansas City 3 , Missouri 
HEAVY DUTY FURNACE FAN EQUIPMENT 

Standard Units Up To 8,000,000 BTU/HR. 



• Made in Units from 500,000 Btu/hr to 8,000,000 Btu/hr. 

• Available for any fuel or in “All-Fuels^* model. 

• Operating efficiencies up to 84 per cent with resultant fuel 

economy. 

• Counter-Flow heat transfer. 

• Drive thru principle exclusively (no suction applications). 

• Low Internal resistance to flue gases. 

• Fiberglas insulated casing. 

• Baked enamel exterior finish. 

• Extra Heavy welded steel construction throughout. 

• Available in any required arrangement of duct outlets. 

• Extreme flexibility of equipment arrangements. 

• Balanced job design— blower and furnace sized separately. 

• Sold only on an engineered basis to fit job requirements. 

Used in thousands of large buildings over country, the E. K. Campbell Heating Co’s 
Type H-D Furnace-Fan system is particularly suited for buildings containing large 
spaces, such as industrial plants, churches, schools, hangars, etc. High quality 
equipment, designed to last, giving unusually low cost on a year service basis. 

The £. K. Campbell Heating Company guarantees RESULTS as well as its equipment. 
Inquiries invited regarding LARGE SPACE HEATING PROBLEMS. 
Manufacturing Engineers since 1910 
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Direct-Fired 

Heaters 


Chicago Steel Furnace Co. 

9326 S. Anthony Ave., Chicago 17, 111. 

DIRECT-FIRED SPACE HEATERS 

standard Sizes Up to 1400,000 B.T.IJ. 



Ftred with Goa or Oil 


HEAT EXCHANGER-Designed and 
constructed in u near tear-drop shape 
which permits the air to flow with a mini- 
mum of friction. This design affords a 
maximum of both strength and area in its 
crown sheet, and reduces power con- 
sumption to the very minimum. 

COMBUSTION CHAMBER -Fabri- 
cated from four way ^ and in. floor 
plate. The chamber is of the correct size 
and shape to provide proper volumetric 
content for the complete combustion of 
oil or gas. 

BLOWERS — Three standard up-blast 
discharge, multi-vane Blowers, each in- 
dividually powered, are provided to sup- 
ply the correct amount of air to properly 
cool the Heat Exchanger. Individually- 
driven Blow'crs arc used because of the 
great flexibility of operation obtainable. 
Uniform bonnet temperature may be 
enjoyed by the simph; expediency of in- 
creasing or reducing the amount of air 
driven around any particular section of 
the Heat lOxchangcir. 


A Modern^ Economical and Flexible Method of Heating Large Areas 
TECHNICAL AND RATING DATA— Larger Sizes AvaUable 


SERIES “A”— MODEL NUMBERS 350-A SOO-A 750-A 1000 A 


ileut Delivery 

Btu. per Hr. 

350.000 

500,000 

750,000 

1,000,000 

Heating Surface 

Sq. In. 

20, 152 

34, 152 

46,330 

59, 124 

Combustion Space 

Cii. In 

82,264 

119,416 

182,232 

243,524 

Oil Firing Rate 

G. r. H. 

2. 5-4.0 

4.0— 6.0 

6.0-9. 0 

9.0-12.0 

Air Delivery 

C. F. M. 

3,000 to 
4,200 

6,000 to 
7,800 

8,200 to 
9,600 

12,500 to 
15,000 

Blower Motor 3 Req’d fea.) 

Dimensions 

^H.P, 

HH.P. 

Vz H. P. 

1.0 11. P. 

Height 

overall 

3'-0'' 

9'-6'^ 

9'— 10' 

10'-6' 

4'-8' 

Width 

overall 

3'-6' 

7'— lO'^ 

4' -2' 

Length 

overall 

6'— lO'' 

8'-4' 

lO'-O' 

Cold Air Inlet 

2 each 

6M0''x2'-O' 

7'-10* X 2'-8*' 

8'-4' X 2'-7' 

lO'-O' X 3'-0' 

Warm Air Outlet 

O'-O'xF-O'" 

7'-4)* X 

8'-0' X r-8' 

lO'-O' X 2'-0' 

Flue Gas Outlet 

Diam 

r 

10' 

12' 

14' 


‘‘TERRITORIES NOW BEING ASSIGNED” 
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Lee Engineering Company 

Seaboard Trust Bldg., 95 River St., Hoboken, N. J. 


LEE DIRECT WARM AIR HEATING 

The Lee System of warm air heating generally costs loss to install than steam or hot 
water ; utilizes fuel with a high degree of efficiency ; distributes the heat exactly where 
needed; responds promptly without lag; requires little* or no maintenance; and needs 
no licensed attendant. Heaters for use with the Lee System are made in the four 
types illustrated and described briefly below. 


BRICK-SET TUBULAR HEATER 

For use with central heating system in connection 
with duct distribution. Single heater capacities from 
2,800,000 Btu per hour to 8,000,0(X) Btu per hour. Two 
heaters, installed as a battery serving as one unit, 
provide capacities over 10,000,000 Btu per hour. 

Brick Set Tubular Heater 



STEEL ENCASED TUBULAR HEATER 

For use with central heating systems in connection 
with duct distribution over a capacity range of from 

2,000,000 Btu per hour to 6,000,000 Btu per hour. 
Heater may be installed in heated area without en- 
closure, requires no foundation, and may be moved 
from one location to another by taking unit apart and 
reassembling. 



TUBULAR UNIT HEATER 

For use either as a central system in connection with 
duct distribution or with adjustable outlet nozzles as 
a unit heater. Capacity range from 2,000,000 Btu to 

6,000 ,0(X) Btu per hour. In sizes up to 4,000,000 Btu 
heater is shipped as a completely assembled unit with 
all but mechanical equipment, refractory lining and 
controls in place. Heaters require no foundation and 
are equipped with crane hooks so that they may be 
moved from one location to another. 



Tubular Unit Heater 


SHELL UNIT HEATER 

For use with or without distributing duct system. 
Heaters have capacity range of from 300,000 Btu to 

2,000,000 Btu per hour. Available for gas, oil or com- 
bination gas-oil firing. All units are shipped com- 
pletely assembled, wired and ready for operation. 
Units furnished with either refractory lined or stain- 
less steel combustion chambers. Heaters may be 
floor mounted or suspended in any position. Also 
available in both hand and stoker fired models. 



SM Unit Heater 


For further information write for Catalog HV-49. 
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DRAVO CORPORATION 

HEATING SECTION 
Dravo Bldg., Fifth and Liberty Avenues 
PITTSBURGH 22, PA. 


DRAVO DIRECT-FIRED HEATERS 

Used in the following and many other industries 
and commercial operations 



Chu-Firei Dravo **CoufUerflo” 
Direct Fired Heater 


Automobile Manufac- 
turers 

Municipalities, Government 

Aircraft Mfrs. and Air- 
ports 

Non-Ferrous Industries 

Construction Industry 

Paint 

Communications 

Paper and Paper Products 

Cement, Rock Products 

Plastics and Insulation 

Chemical Plants 

Printing and Publishing 

Electrical Products 

Rubber 

Farms 

Railroads 

Foundries 

Shipbuilding 

Food Products 

Schools, Colleges, Churches 

Glass, Ceramics, 
Refractories 

Steel Producers 

Institutions 

Transportation 

Metal Working Indus- 
tries 

Textile 

Mercantile 

Woodworking 


5 FUNCTION HEATING with just one unit 


DRAVO Counterflo Heaters are direct- 
fired space heaters designed for provid- 
ing comfortable warmth for large open 
areas of buildings, but provide four otner 
functional uses as well — ^namely; year 
’round ventilating, tempering make-up 
air, process drying and heat curing. Ob- 
viously not all five functions of a DRAVO 
Heater are required in all plants, but 
every one of these functional applica- 
tions can be provided by the DRAVO 
Heater. 

DRAVO Counterflo Heaters are self-con- 
tained, requiring only fuel pipe, power 
line and vent stack for installation. 


Thermostatically controlled, they re- 
quire no regular attendant. Structural 
Ganges are unnecessary for installation. 
They occupy little floor space, and can be 
wall-mounted or suspended from roof 
trusses. Because their stainless steel 
combustion chamber eliminates refrac- 
tory linings, they can be mounted in 
cither a horizontal or vertical position. 

DRAVO Heaters are available for firing 
with gas, oil or coal. Units burning non- 
solid fuels can be converted from one fuel 
to another very quickly. In addition, 
coal-fired units can be converted to gas 
or oil-firing. 


Descriptive Bulletin HVA-523 and specification sheets are 
available on request. Write the Heating Section, DRAVO 
CORPORATION, Room 812, Dravo Bldg., Pittsburgh 22, Pa. 

1068 




Air Conditioning 



DRAVO CORPORATION 


PlttBbttigh 

Cleveland 

Philadelphia 

Detroit 


New York 
Chicago 
Atlanta 
Boston 


Sales Regresentatives in Principal Cities 
ManufcuAured and sold in Canada by Marine Industries. Ltd.. 
Sorel, Quebec 


Features of the 


DRAVO UMtUeifOr Heater include: 


• Stainless Steel Combustion Chamber 

• Counterjlo Combustion and Heat 
Transfer 

• 80-85 per cent Sustained Efficiency 

• Effective Comfort-Zone Recirculation 

• Minimum Heat Loss Through Roof 

• Simplicity of Operation 

• Flexibility of Application 

• Adaptability for Wide Range of Fuels 

Unit capacities of DRAVO Counterjlo 
Heaters range from 400,000 to 2,000,000 
Btu per hour output. The following 
tables show the external dimensions and 
weights of the various units as well as the 
capacities of each size heater. 



Cutaway view of Dravo Counterfto Heater ghowing the 
etainletB gted eombvetum chamber and the extended 
flame travel within the chamber which reeutte in efliei- 
eney of 80 to 85 per cent bwmiTig gas or oU. 


ENGINEERING DATA 


Heater 

Number 

Btu Output 
Capacity 

Air at 70 Deg. 

Free Delivery 
Approx. 1 Temp. Rise 

CFM 1 Deg. F 

Fan Motor 
HP 

No. 

Discharge 

Nozzles 

Approx. 

Shipping 

Weight 

40 

400,000 

4600 

82 

1| 

3 

1400 

50 

600,000 

6600 

84 

2 

3 

1600 

76 

760,000 

8500 

82 

3 

4 

2600 

100 

1,000,000 

11000 

84 

5 

4 

2600 

126 

1,260,000 

14000 

83 

7* 

4 

3400 

160 

1,600,000 

17000 

82 

10 

4 

3600 

176 

1,760,000 

19000 

86 

16 

4 

4200 

200 

2,000,000 

22000 

84 

20 

4 

4400 


Heater 

Number 

^tngrTibNSUlll>tlON-Miiiimum of k> 

per cent Heater Efficiency Assumed 

Approximate Overall Dimensions 

Light Oil 
GPH 

140,000 Btu 

Heavy Oil 
GPH 

148,000 Btu 
OU 

GasCFH 
1000 Btu 
Gas 

Width 

Ft.-In. 

Length 

Height to top 
of Nozzles 

Ft— In. 

Ft— In. 

40 

3.6 

8.6 


2-6 

fr-1 

8-8 

60 

4.6 

4.8 

626 

2—6 

fr-1 

8-3 

76 

6.7 

6.6 

940 

3—7 

7—5 

9-11 

100 

8.0 

8.6 

1260 

3-7 

7-5 

9-11 

126 

11.1 

10.8 


4-2 

9-1 

11—2 

160 

13.4 

18.0 

1875 

4-2 

9-1 

11-2 

176 

1 16.6 

16.0 

2190 

4-8 

2-8 

12-0 

200 

1 17.8 

17.2 


4-8 

9-8 

12-9 
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National Heater Company 

2182 Cleom Avenue, St. Paul 4, Minnesota 



STEEL S-P-A-C-E HEATERS 










Air Conditioning • Direct-Fired Beaten 


Arthur A. Olson & Company 

Canfield, Ohio 


Manufacturers of Direct Fired Heaters 

A completely automatic direct-fired 
unit heater. Olson heaters operate on 
gas, oil, dual gas-oil or coal. These units 
may be hung, suspended horizontal, or 
inverted. All heaters can be adapted to 
filtering, humidifying and air condition- 
ing. Use of standard accessories and 
easy access to bearings and other vital 
parts simplify maintenance. 

Also process and make-up air applica- 
tions. 


Engineering Data— Gas, Oil, or Dual Gas-Oil Heaters. 


Modal 

B.T. U./Nr. 

PI3PI 

» GENERAL DIMENSIONS 

No. of 

Motor H.P. 

Stock 

No. of 

Numbor 

Output 

Capacity 

KOI 

Bjgj 

i 

C 

Cl 

0 

iloarios 

Faos 


Ola. 

Ninlt 

IMMt 





ggg 


IBB 

ESI 

2 

1 

wm 

3 



1^3 

BOB 


IBB 


iza 

2 

l'/2 

wm 

3 

u-soo 

500.000 

6.000 

EBB 

NBBl 

7'-3'' 

lEO 

IZB 

2 

2 

B 

3 

U-600 

600.000 

7,000 

3'-l" 

KUI 

7'-3" 

r-3" 

r-9" 

2 

3 

iB 

3 

U.750 

750.000 

8.500 

EBB 

BBS 

IBTfl 

r.3" 

r.9" 

2 

3 

10" 

4 

U-IOOG 

1.000.000 

11.000 

EZB 



IBB 

r-9"‘ 

2 

5 

10" 

4 

U-1250 

1.250.000 


IZB 

IHBB 

8'-9" 

IZB 

r-9" 

n 

7'/l 

10" 

5 

U-1500 

1.500.000 


QB 

7M0" 

igg 

BWI 

r.9" 

B 

10 

ITB 

4 

U-t750 

1.750.000 



EWM 

IBBI 

r-7" 

2'-0" 

3 

10 

fT3 

5 

U.200Q. 

2.000.000 




lO'-J" 


BB 

3 

15 


m 



1. Standard 10 Gage Boiler Tube Heat 

Transfer Surface. 

2. Refractory or Stainless Steel Combus- 

tion Chamber. 

3. Heavy Duty Fans and Shaft. 

4. Inlet Screens or Frame for Filter Box. 

5. Motor Accessible from Front. 

6. Adjustable, Deflecting Outlets. 

7. Four Pass Gas Travel— Counter 

Current. 

8. Separate Induced Draft Fan. 

9. Bearings Outside Heater at End of 

^ Shaft. 

Write for complete data on stoker fired units and large central systems. 

1071 


































































Atr Conditioning • TXnitHMton 


Automatic Gas Equipment Company 

Brushton and Thomas St., Pittsburgh 21, Pa. 

Manufacturers of Pittsbuii^ Gas Unit Heaters 


Cast iron is considered to be the best material 
to withstand the corrosive effects of the prod- 
ucts from combustion of gases. For this reason, 
both the heat exchai^er and combustion cham- 
ber in a Pittsburgh Gas Unit Heater are made 
of cast iron. Furthermore, they are cast in one 
piece and the extended heating surface fins on 
the heat exchanger are cast integral. 

Pittsburgh Gas Unit Heaters have been de- 
signed to consume exactly the right amount of 
air to support complete combustion but without 
permitting an excess of air to lower heating effi- 
ciency. This is accomplished by means of a 
built in draft hood which absorbs all excessive 
chimney action and thereby conserves heat. 
The heater does not depend upon forced draft 
from the fan for either the primary or secondary 
air supply. For this reason there is no possi- 
bility of variation in the air supply to the burn- 
ers resulting from changes in fan speed or louver 
adjustment. By the use of adjustable hori- 
zontal louvers, warm air can be directed to any 
desired level. 



Safety Features 

A tested and proved 

safety pilot is used on H^excka,verani com- 

these heaters to auto- bustum chamber, 
matically turn off the 

gas if t e pilot light Bottom view chawing 

goes out or if it burns burner aaaembly (aeveral burnere 
too low to insure posi- have been removed). 
tive ignition. The 
draft diverter is 
absolute protection 
against any possible 
down drafts through 
the chimney. Write 
for folder containing 
complete details, in- 
cluding installation 
measurements. 

Approved by Amer- 
ican Gas Association. 




SIZES AND CAPACITIES 


Unit No. 

limut 

B.T.U. 

Per Hour 

Output— AGA 
B.T.U. 

Per Hour 

Sq. Ft. 
E^.R. 

Air Del. 
C.F.M. 

Motor 

H.P. 



215 G 

215.000 

172,000 

744 

3500 

4 

1140 


175 C 

175,000 

140,000 


2900 

4 

1140 


160 0 

160,000 

128,000 

553 

2600 

4 

860 


140 C 

140,000 

112,000 

484 

2320 

A 

860 


HOC 

110,000 

88,000 

381 

1820 

da 

860 


85C 

85,000 

68,000 

294 

1850 

A 


800 
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Combustion Control Corporation 


Flame Failure Sftfeguards 



For Oil and Gas Flames 


77 Broadway, Cambridge 42, Mass. 

10447 Sangamon St., Chioago—TOS CordilleraB Are., San Carlos, San Frandsoo 
District Offices in all Principal Cities 


FIREYE PHOTOELECTRIC FLAME FAILURE SAFEGUARD AND 
PROGRAMMING CONTROL FOR OIL BURNERS 



Type 4BPH6 



Type SiPJS 



Type JiBJPl 


Complete operating and starting protection for 
industrial and commercial oil burners with 
Flame Rod protection of gas pilot. Type 24P J8 
automatically starts burner and programs se* 
quence of gas pilot, ignition, burner motor, oil 
valves, providing scavenging period, fuel valve 
delay, post ignition time. Flame Rod, Type 
45JP1, monitors gas pilot flame, preventing 
opening of oil valve unless gas pilot is estab- 
lished. Scanner Type 45PH5 takes over mon- 
itoring of oil flame after pilot is established. 
Failure of either ^as flame during ignition or 
main oil flame during normal operation results 
in immediate shutdown of burner system. 

Fireye equipment is available in combina- 
tions providing one or all of these safeguard 
functions, depending on requirements of instal- 
lation. 


FIREYE ELECTRONIC ROD FLAME FAILURE SAFEGUARD 
AND CONTROL FOR GAS BURNERS 


Operating protection for industrial and com- 
mercial gas burners. Flame Rod Type 451^1 
constantly monitors gas pilot flame after its 
manual or electric ignition. Main gas valve 
cannot open until Plamc Rod indicates pilot 
flame is established. Pilot flame failure after 
opening of main fuel valve is instantly signalled 
by Flame Rod to Electronic Control Type 
24QJ5, which immediately shuts off Burner. 

Fireye equipment is designed with completely 
fail-safe characteristics. Any circuit element 
failure results in system shutdown. A built-in 
low-voltage interlock completely checks sys- 
tem, internal and external to control, on each 
burner recycle. 




Type 4SJQI 


PHOTOSWITCH SMOKE DETECTORS FOR 
AIR CONDITIONING DUCT SYSTEMS 


0 

r 


Type AS8E 



Photoelectronically monitors duct systems 
detecting the presence of even small amounts 
of smoke. At the first sign of smoke, Photo- 
switch Type A28E automatically turns off 
blowers, closes automatic louvres, and sig- 
nals the maintenance department. B/ecom- 
mended for use in theatres, stores, hotels, 
and other locations where the presence of 
smoke is a hazard to property or a possible 
cause of panic. 


TypeLSOR 
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UNIT DEHUMIDIFIERS FOR DYNAMIC AS WELL AS STATIC 
DEHUMIDIFICATION 

DAPCO AIR DRYER— MOD. SOR-8 Solid Adsorption 
Desiccant Dehumidifier for spaces up to 5000 cu ft. Ap- 

E lied for preservation of materials in storage and for 
asement and recreation room drying, as well as plaster 
and paint drying. 

UNIT DATA: 

Dimensions; 15 in. x 13 in. x ISf in. high 
Air Flow: 23 cfm 

Capacity: 8 lb of water/day at 73F dew point. 

5 lb of water/day at 41F dew point. 

Power Economy : 0 .65-0 .90 k whr /I b of water removed . 

Electrical Characteristics 110 volts, A.C.,60 cycles. 

Available for other currents on request. 

Connected load on reactivation 850 watts. On adsorp- 
tion 50 watts. 

Operation: Intermittent drying and reactivation. 

Completely automatic. 

Controls: Unit may be started cither manually or 
operated by humidistat control. Dehumidifier 



DESOMATIC— MOD. A. 



Duomatic Mod, A. 


This is a small dynamic unit of similar design to DAPCO 
AIR DRYER — SOR-8, but intended for smaller spaces 
of 100-500 cu ft. The unit will, however, reduce the rel- 
ative humidity in the air about 10 per cent in relatively 
tight spaces of up to 2000 cu ft volume, which often is 
ample to prevent condensation. 

UNIT DATA: 

Dimensions: 7J in. x 7i in. x 15 in. high 
Air Flow: 12 i cfm 

Capacity: 2J lb of water/day at 73F dew point. 
Power Economy: About 1 kwhr/lb of water removed. 
Electrical Characteristics: 110 volts, A.C., 60 cycles. 
Available for other currents on request. Connected 
load on reactivation 325 watts. On adsorption 25 
watts. 

Operation: Intermittent drying and reactivation. 
Completely automatic. 

Controls: Unit may be started either manually or 
operated by humidistat control. 


DYNAMIC UNITS FOR SPECIAL APPLICATIONS SUCH AS DRYING OF 
COMPRESSED AIR LINES, ELECTRICAL CABLE SPLICING OR TELE- 
VISION TOWERS AVAILABLE ON REQUEST. 


DESICAN — STATIC DEHUMIDIFIERS. Deslcans are available in five sizes for 
dehumidiheation of confined spaces of from 2-80 cu ft. The desiccant is enclosed 
in an aluminum container with a perforated metal screen. Desicans have indicator 
eyes to inform about the degree of saturation of the desiccant. Desicans can bo 
regenerated by baking in oven at 300F. The Desicans are equipped with a dust 
screen and may therefore be used for precision instruments or in food containers as 
the desiccant does not contaminate food. 

Drjr Air Products Corporation engineers will assist you with any problem you may 
have in connection with preservation of materials from moisture damage by means 
Qf solid desiccants. 
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BILT*IN-WALL Heaters for Homes and Offices 

These heaters fan -circulate warm air by the Down-Flo 
principle for greatest heating efficiency. They Ve quick 
and easy to install for no ductwork is required. Heating 
unit is embedded in a finned aluminum casting for com- 
plete safety. Available in capacities from 1500 to 4000 
watts and with manual, wall thermostat or built-in 
thermostat control. All have thermal safety switches 
and silver gray enamel finish. 


BILT-m-WALL SMALL-ROOM Heater 

This 115- volt AC, 1320-watt heater was specially designed 
for baths, small rooms, trailers, etc. It employs the famous 
ElectromcKle cast aluminum safety heating element with 
thermal cut-off. Installation for manual or thermostat 
control is simple and quick. Two-way switch permits use 
of fan without heat. Available in white baked -on enamel 
finish or in chrome. 





UNIT HEATERS for AuxUiary Warmth 

These fan-circulating units are used as auxiliaries to a main 
heating system, or where electric rates permit, as main 
heat sources. They require no plumbing or ductwork — 
only circuit wiring. Like all Electromodes, they employ 
the completely safe cast aluminum heating element that 
has no exposed hot or glowing wires, that gives high thermal 
conductivity and resists corrosion. A safety cut-off pre- 
vents overheating. Thermostat control available on all 
models. 

Suspension Type (left, above) for wall or ceiling mounting 
in factories, stores, offices. 10,0(X) to 60,000 watts. 
Combination Portable and Suspension Type (left, below). 
Plug in where needed, or mount permanently. 1500 to 7500 
watts. 

Heaters for Special Applications— Blower units; explosion- 
proof heaters; blast heaters for air ducts; mobile units on 
casters; electric home furnaces; portables; heavy-duty 
farm heaters. Engineering help is at your disposal. For 
more information see your supplier or write Dept. HVG- 
19, Electromode Corporation. 

Electromodcs are approved by Underwriters* Laboratories 
and are fully guaranteed. 

1075 





Air Conditioning • 


Fedders-Quigan Corporation 

57 Tonawanda Street 

Buffalo?, N.Y. 

Heat Transfer ^dallsts since 1896 

Manufacturers of Convector-Radiators, unit Heaters, Railroad Car Convectors, Unit 
Coolers, Refrigeration Coils, Air-cooled Fin and Tube Condensers, Clip-on Thermom- 
eters, Room Air Conditioners, Automotive Radiators, Car Heater Cores. Electric Water 
Coolers. 



Fed4ff» Serieg 16 Horizontal Unit Heatora 

FEDD^RS SERIES 15 HORIZON- 
TAL UNIT HEATERS have capacities 
of 100 to 1 ,000 EDR. Handsome, rugged 
cabinets, with latest type broad^ blade 
fans provide large air volume, quiet op- 
eration and high efficiency. Write for 
Bulletin 15G-4. 



Fediera Seriea 16 Downblow Unit Heatera 

FEDDERS SERIES 16 DOWNBLOW 
UNIT HEATERS have capacities of 155 
to 2,050 EDR. Designed for applica- 
tions necessitating clearance for material 
handling equipment, tall buildings and 
other conditions which require piping 
to be kept out of the way. High velocity 
air stream delivers heat into working 
zone. Write for Bulletin 16C-1. 


FEDDERS TYPE F CONVECTOR- 
RADIATORS 

Designed for installation in living 
rooms, bedrooms, offices, institutions 
and other locations. They can be used 
with steam, and forced or gravity hot- 
water systems. 

Cabinets can be used as a free-stand- 
ing unit or partiallv recessed into the 
wall. Naturally induced circulation of 
air entering through archway at bottom 
and actively flowing out through lou- 
vered grille at top assures more uniform 
temperatures and maximum comfort at 
all levels. 

FEATURES INCLUDE 

1. Directional louvers in front panel di- 
rect the heated air actively into the 
room, assuring more uniform tempera- 
tures from floor to ceiling. 

2. Cabinet finished in oven baked neu- 
tral ground coat. 

3. Front panel easily removed. 

4. Light weight, easily handled and com- 
pletely packaged for simplified stocking 
and delivery. 

5. Heating element with copper tubes 
and aluminum fins. 

Write for catalog giving complete data 
on 4, 6, 8 and 10 in. depths, lengths from 
20 in. to 64 in. and 18, 20, 24 and 32 in. 
heights. 


1076 





Air Conditioning • 


Grinnell Company, Inc. 

Heatliw, Industrial and Power Plant Piping, Fittings, Hangers, 
Valves, Pipe Bending, Welding, Piping Supplies, Etc. 

Executive Offices: Providence*!, R. I. 

National Distributors of Thennoflez Traps and Heating Specialties 

For data on other Grinnell Products, see pages 1218-1219 

^ERMOUER 

REQ. U. S. PAT. OFF. 


THE GRINNELL UNIT HEATER 



In addition to its patented Internal Cooling Leg Thermolier has many other desira- 
ble features including its Single Header IT -Tube construction which compensates for 
expansion and contraction strains. Radiation is from brass-finned seamless copper 
U-tubes rolled into a cast iron tube sheet. 

Steam circulation and the removal of condensation in Thermolier are distinctly 
different than is usual in unit heaters. The actual cooling effect of this construction 
is equal to a run of more than 100 ft of ordinary, exterior cooling leg piping. 

Steam is delivered into Chamber “A” of the header and circulates from there 
through the pitched U tubes, carrying its condensation with it into Chamber 
By partitioning off the lower tube or tubes at the bottom of the Steam Supply Cham- 
ber ‘‘A** these tubes carry all condensation from Chamber “B** into Drain Chamber 
^*C.” In passage of this condensation through these tubes, the air from the fan is 
rapidly carrying off heat just as it docs in the rest of the unit. The result is that these 
two bottom tubes form an efficient internal cooling leg, integral with the unit. 

Thermolier is available in 10 Models. Catalog will be sent on request to Grinnell 
Company, Inc. 277 West Exchange Street, Providence 1, R. I., or to any branch office 
in principal cities listed on our page 1218. 


GAPACITIF.S 

60 F Entering Air Temperature— 2 Lb Steam Preuure 


Model Nos. 

Btu per Hour 

Equivalent 
Direct Radiation 

Model Nos. 

Btu per Hour 

Equivalent 
Direct Radiation 

D21 

36,600 

148 

D67 

101,300 

422 

D81 

48,700 

203 

D66 

128,700 

636 

D37 

62,200 

269 

D71 

161,700 

632 

D41 

71,000 

296 

DOl 

196,000 

817 

D44 

84,100 

360 

Dill 

276,300 

1147 
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ILG Electric Ventilating Co. 

2876 North Crawford Ave., Chicago 41, 111. 

Offices in More Than 40 Principal Cities 


Horizontal Type Unit Heaters — have ILG^built 
Self -Cooled Motor which counteracts coil heat — never 
‘‘slow roasts.** Graduated, 2-piece, cast iron header 
gives “balanced** steam distribution. Brass orifice 
bushings expand tubes uniformly in header plate. 
Copper fins are pressed into round copper tubes for 
permanent union — no brazing, soldering, or welding. 
Bottom header “floats** to permit expansion and con- 
traction of coil independent of casing. Tested and 
Hated according to codes of I.U.H.A. and A.S.H. 
V.E. Ratings certified hy LV .H .A. — “One-Name- 
Plate** Guarantee. Wide range of sizes and 
capacities. 



Mil lil I I I I i 
{ I imitKiiiljlltii J 

' 




Low-Ceiling Type 

For vertical mounting in 
buildings where head- 
room is at a premium. 
Side inlets and outlets at 
top and bottom assure 
extremely compact in- 
stallation. 




Vertical Type 

Recommended for instal- 
lations with extremely 
high or extremely low 
ceilings. Air diffusers or 
deflectors available to 
direct flow of heater air. 


Textile Type 

More tubes, no fins — for 
textile mills and applica- 
tions where lint or other 
material normally ad < 
heres to fin surfaces and 
clogs up coil. 


ILG Electric Unit Heaters 


STANDARD TYPE 

For instant, clean, 
safe, dependable heat- 
ing. Coil is of black 
heat type which 
operates below 400 
degrees. Protected 
against excessive tem- 
perature rise by 
patented automatic 
thermal cut-out and 
magnetic starter. 
Sizes 5 to 15 KW. 


TYPE “HT” 

For installations re- 
quiring a small vol- 
ume of heat. Excep- 
tionally efficient. 
Suitable for constant 
duty. Non -overheat- 
ing black heat type 
coil with individually 
interchangeable ele- 
ments. Sizes to 
4KW. 




For ILG Pn^eller and Centrifugal Fans, see page 1163 
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Unit Heaters 
and Blowers 



MANUFACTUiaNG COMPANY 

HASTINGS NEBRASKA 

SINCE 1914 


New and Improved Self Contained Air Conditioning Units — for use with cold water. 
Capacities From 1 Ton to 20 Tons with Comparable Capacities for Heating. 

Models for Cooling Include Floor Type for Individual Rooms, Suspended Units and 
Central Plants for Duct Systems. 

Centrifugal Unit Heaters, Package and Utility Blowers for Heating and Ventilating 


• Central Plants — capacities from 3 tons 
to 24 tons. Air delivery from 1100 cfm to 
10,000 cfm. All central plants are as- 
sembled in sections to simplify installa- 
tion. All models available with steam 
coils for combination heating and 
cooling. 

• Suspended Models — (capacities from 
1 ton to 4 tons. Air delivery 585 cfm to 
2200 cfm. Especially adaptable to indi- 
vidual rooms where duct system is 
undesirable. Completely self-contained 
with motor, coils, blower and filters 
housed in sturdy steel cabinet with 
attractive feather weave finishes. 

• Floor Type Models — capacities from 1 
ton to 3 tons. Designed for use in indi- 
vidual rooms. All models self-contained 
with motor, blower coil and filtera housed 
in well designed metal cabinets attrac- 
tively finished or available in base coat 
for finishing in special colors. 


• Package Blowers — capacities KXX) cfm 
to 400() cfm. All models equipped with 
filters and available with or without fan 
controls. Cabinets of extra heavy steel 
construction with featherweave finish or 
with base coat for finishing in special 
colors. 


• Utility Blowers both single-twin 
mounted double inlet type — capacity 
from 800 cfm to 10,0(K) cfm. Available 
in any discharge arrangement and wi th 
or without motors. Single blowers avail- 
able in “base type*^ which includes heavy 
angle frame for special cabinet construc- 
tion when necessary. 


• Unit Heaters — capacities from 76,800 
to 155,000 Btu/hr. std. rating, air 
delivery 1165 cfm to 2100 cfm. Centrif- 
ugal type for use with steam or forced 
circulated hot water. Unusually quiet 
in operation — highly efficient and easily 
adaptable to duct installation. Finished 
in attractive featherweave or base coat 
for special colors. 



WRITE FOR CURRENT 
SPECIFICATION CATALOG 
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1819 So. Hanley Rd., St. Louis 17, Mo. 




Manufacturers of 
HEAT TRANSFER EQUIPMENT 

AIR CONDITIONING BLOWER UNITS— HEATING 
AND COOLING COILS — EVAPORATIVE CON- 
DENSERS — COOLING TOWERS — INDUSTRIAL 
COOLERS — UNIT COOLERS - UNIT HEATERS 



For cooling with cold water and for 
heating with hot water. 



DIRECT EXPANSION COILS 

For freon. A complete range of sizes 
to meet all conditions and capacities. 


EVAPORATIVE 

CONDENSERS 

3 to 50 tons. All refrig- 
erants. All prime sur- 
face coils. Indoor or 
outdoor units. 



BLOWER UNITS 

Ceiling and floor type air-condi- 
tioning units. 1 to 50 tons nomi- 
nal capacities in 12 sizes. 400 to 
15,000 cfm. Various arrange- 
ments of discharge, filter box and 
motor drive. 


INDUSTRIAL COOLERS 
(Not Illustrated) 

1000 to 15,500 cfm. Floor type. Coils 
up to 12 rows in depth. All refrig- 
erants. 


UNIT HEATERS 

Horizontal propellor fan type. Steam 
ratings 26,500 to 268,300 Btu’s. 
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U. S. PAT. OFF. 


J. Murray Manufacturing C!o. 

Wausau, Wisconsin 

Officef in Principal Cities 


MANUFACTURERS OF THE GRID UNIT 
AND GRID BLAST COILS 



One piece construction ''fin” heating 
sections of high test cast iron— no sol- 
dered, brazed, welded or expanded con- 
nections. Patented. 


Designed and tested to operate with steam 
or hot water systems— for steam pres- 
sures from 2 lbs to 250 lbs. Engineered 
along the same lines as the standard 
GRID Unit which had aluminum heating 
sections and has been on the market 
since 1929. 



Cl (CAST IRON) SERIES GRID UNIT HEATER DATA 


Model 

No. 


Dimensions 


Motor 

Vol. 

Fan 

CFM 

Capacities 

5 PSI Steam 
60*F Air 

Pipe Sise 

Sup- 

port 

Rod 

Dia. 

Weight 

Lbs. 

A 

B 

C 

D 

E 

HP 

RPM 

Btu/ 

Hr 

Final 

Temp. 

•F 

1 

Supply Return 

! 

EHEa 



lEa 

Kl 

IE] 

tm 


mm 


mmm 

u 

U 

H 

150 

CM200 

14i 

16i 

12! 

121 

18! 

1/15 

1550 

708 

45,450 

112 

1! 

1! 

H 

210 

CM500 

17i 

16! 

11! 

16 

23! 

1/8 

1750 

1500 

76,500 

BOi 

1! 

li 

H 

280 






ma 

isi 

1750 

rot!»i 


II4 

1! 

li 


390 

Cl-2000 

221 

20A' m 1 21A 281 

1/6 

1150 

2600 

143,000 

mm 

2 

1! 

H 

490 

Cl-2025 

221 

ZOA' 

11! 1 25! 

35! 

1/6 

1150 

2875 

173,640 

115 

2 

1! 


520 


m 


EEI 


BEDI 


107 

2 

1! 


700 

Cl-2604 1 27i 

25!' 1 13 1 

25! ' 

35! 

1/4 

1150 

3300 

206,000 

117 

2 

U 

H 

660 

GI-2680 1 

27* 

25! 1 

13 1 31 < 

40! 

1/2 

1150 

4650 

275,800 

114 

2 

1! 

H 

msm 


321 

31 1 

13 > 

31 

40! 

1/2 




2! 

1 1! 

H 

1020 


32t 

31 

J3 

_31 

El 

1! 

tnrm 




2! 

U 




NO ELECTROLYSIS 

Low maintenance expense. 

More air changes per hour. 

Positive "directea” heat. 

No leaks— no breakdowns. 


TO CAUSE CORROSION 

Lower outlet temperature. 

Larger air volume. 

No soldered, brazed or expanded joints. 
Open design that keeps units clean. 


Send for complete catalog information 
Send for information on Blast coils and radiation< 
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Air Conditioning * ^oSm* 


McQuay, Inc. 

1602 Broadway, N.E., Minneapolis 13, Minn. 
MANUFACTURERS OF AIR CONDITIONING EQUIPMENT 
Sales Offices in all Principal Cities 


• Air Conditioners 

• Air Conditioning Coils 

• Blast Heating Coils 

• Refrigeration Coils 

• Unit Heaters 

• Unit Coolers 



• Comfort Coolers 

• Blower Coolers 
(Suspended & Floor Type) 

• Ice Cube Makers 

• Icy-Flo Accumulators 

• Zeropak Low Temp. Units 


THE EXCLUSIVE McQUAY RIPPLE-FIN 
RIPPLE-TUBE COIL ASSEMBLY 

McQuay hydraulically expanded Ripple-Fin 
Ripple-Tube Coils effect permanent contact be- 
tween tubes and the entire surface of the fin collars 
— that^s the advantage of the hydraulic pressure 
method — to create the lasting mechanical bond 
without the use of any *^low conductivity’* bond- 
ing material. 

This significant advantage is a typical example 
of how a seemingly small detail in engineering de- 
sign plays an important part in making superior 
products. 

McQuay construction means higher flexible 
strength with less air friction and cleaner opera- 
tion. To provide greater flexibility, all headers ripple-fin coil 

are of non-ferrous tubes, elipted to compensate 
for any unequal expansions and contractions. 

All secondary surface is of the aluminum ripple-fin continuous plate type, to give 
extra strength, and to provide heat transfer surface that remains clean for a longer 
period, thereby giving greater efficiency; all tubes are electro-tin plated for further 
protection and longer life. 

The new standardized design provides 11 header sizes and 19 tube lengths, plus 
other intermediate header sizes and many other tube lengths. McQuay thus pro- 
vides greater flexibility for sizing jobs. 

This careful attention to detail makes McQuay performance possible and estab- 
lishes their preference among users. McQuay coils arc available in a wider variety 
of styles and sizes, both standard and special coils for steam, hot water, cold water, 
brine, direct expansion and other applications. 




COOLING COIL COIL 

MORE THAN 1,000,000 COIL TYPES AND SIZES 

McQUAY manufactures a complete line of Standard Coils for the Industrv. 

Coils for Heating— 1 to 10 rows deep using low or high pressure steam or hot water. 
Jet-Tube (Non-Freeze steam inner tube) type coils 1 and 2 rows deep. 

Cleanable Tube — (Removable plug) type coils 1 to 12 rows deep. 

Water Coils for Cooling— 1 to 12 rows deep. 

Direct Expansion Coils— for cooling 1 to 10 rows deep. 

Refrigeration Coils— all types and sizes. 

Special Coils— of various materials furnished on order for special applications. 
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McQuay, Inc. 


Air Conditioning • 



HORIZONTAL 
UNIT HEATER 



BLOWER TYPE 
UNIT HEAHR 



COMFORT COOLER 



AIR CONDITIONER 
(YEAR-ROUND) 


HORIZONTAL UNIT HEATERS 

Restyled in 1947 to provide up to the 
minute eye appeal. This renewed line 
of 12 sizes completely covers the range 
from 23,000 to 300,000 Btu. AH sizes 
carried in stock. Write for catalog 
320. 

DOWN FLOW UNIT HEATERS 
Available with various air discharge 
arrangements for low, medium, or 
high suspension, these unit heaters fill 
a need on almost every job. Carried 
in stock in 16 sizes from 32,000 to 500,* 
000 Btu. Write for catalog 756. 
SMALL AIR CONDITIONERS 
Cold Water and Freon Types For 
Small Commercial Applications 
Choice of recirculation of indoor air, 
entire intake of outside air, or a com- 
bination of both. Cold water or brine 
used in one type; Freon or methyl 
chloride in another. Modern con- 
struction assures quiet operation. 

2, 3, 5, and ton sizes. Write for 
catalog 83 A. 

BLOWER TYPE UNIT HEATERS 

Made in 8 basic sizes covering the 
entire range from 750 cfm and 24,000 
Btu to 27,000 cfm and 1,659,000 Btu. 
Provision for handling external static ; 
various outlet diffusers; also available 
with internal face and bypass 
dampers. 

For long life, efficiency, and for eye 
api)eal specify McQuay Unit Heaters. 
Write for catalog No. 341. 

LARGE CENTRAL SYSTEM AIR 
CONDITIONERS 
For Large Industrial and 
Commercial Applications 
Horizontal & vertical types, cools, 
dehumidifies, filters, and circulates air 
in summer, heats, humidifies, filters 
and circulates air in winter. Extreme 
flexibility and accessibility “built- 
in.” Cooling capacities from 2 to 114 
tons in both Suspended and Floor 
Type. Write for catalog 501. 

COMFORT COOLERS 
For Small Commercial Applications 
Made in tw'o types — one for use with 
water or brine; another for Freon or 
methyl chloride. Five sizes (1, IJ, 2, 

3, and 5 ton models) in each type — all 
with variable-speed motors. Write 
for catalog 81 A. 

McQUAY 

Icy-Flo Accumulators 

The new practical “Storage-Bat- 
ter 3 r” for refrigeration effect is now 
available for handling heavy loads of 
short duration. Ideal for churches, 
lodges, mortuaries, noon cafeterias, 
and many industrial applications. 
Write for catalog 106. 
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AIR CONDITIONER 
(YEAR-ROUND) 



AIR CONDITIONER 
(YEAR-ROUND) 



ACCUMULATOR 



Air Conditioning • 


Modine Manuracturing Company 

Heating and Air Conditioning Division 
General Offices: 1515 Dekoven Ave., Racine, Wis. 
Factories at Kaclne, Wls., and LaPorte, Ind. 

Branches in all Principal Cities 



Horizontal Type 

23 Models — for general 
.industrial and commer- 
[cial applications. Pat- 
lented Modine center 
(tappings permit direct 
[suspension from pipe. < • 


Vertical T^e 
16 Models— designed for 
overhead installation, up 
near ceilings of high bays 
to clear plant equipment, 
or at low levels as in stores 
and offices. 


New Power-Throw 
8 Models— for specialized 
industrial applications. 
A new type of draw- 
through horizontal de- 
livery unit heater with 
scouring jet action. 


Three Distinct Types — 47 Basic Capacities for Industrial 
and Commercial Unit Heater Applications 

Modine ’s beautiful, new, integrated line of unit heaters offers new versatility in 
steam and hot water unit heater application. The three coordinated types may be 
used individually, or, where requirements indicate, in combination with each other. 
Thus, it is possible to meet varying heat, air delivery, mounting height, and location 
demands with the combined action of different unit heaters. 


Condensers: Pure copper or copper alloy 
from inlet to outlet for maximum resist- 
ance to internal and external corrosion. 
Pure copper ffns are metallically bonded 
to round, seamless, heavy -gauge red 
brass tubes for permanent contact and 
to insure uninterrupted heat conduction 
from primary to secondary surface. 
Modine-patented expansion bend per- 
mits tubes to expand or contract indi- 
vidually as temperature requires. All 
steam and condensate carrying passages 
are brazed into an integral pressure-re- 
sisting unit. 

Bonderized Casing: Attractive beige- 


gray casing with chrome trim protected 
from rust by Modine Parker Bonderizing. 
Quiet Operation: Scientifically sound- 
silenced for quiet performance. Casing 
interiors are acoustically-insulated to 
muffle noises from within. Velocity gen- 
erator eliminates air rush “peaks, sub- 
dues external air-rush noise. 

Efficient Motors: Nationally known 
makes of continuous-duty, totally en- 
closed fan type. Rubber mounted to 
prevent vibration noise from being trans- 
mitted to casings. 

Safety Fan Guard: Staunch, steel safe- 
guard protects against danger of un- 
shielded fan. 


Convector Radiation (Ulus.) 

Whether it’s a modern apartment, home, school, hospital or 
office — here is heating ecjuipment styled to match the grace and 
beauty of modern interior design. Check these features: (1) 
New Dual-Purpose Damper ^ (2) Snap-in Lower Orillet (3) 
6-Second Removable Front, (4) Convenient Air Venting, (5) 
Versatile Enclosure Design, (6) High Capacity Copper Heating 
Unit, 

For Institutional U se, Modine has combined the tested convec- 
tion heating ideas with the “specials” most often requested by 
architects to provide a line of heavy-duty institutional con- 
vectors. Available at only a slight additional cost. Modine 
convectors come in four standard enclosure styles and three institutional models, 
in a total of 160 modular sizes. All units are Parker-Bonderized for finish protection. 
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Modine Mamtfacturing Company 


Ah Condithning • 


WIDE NEW LINE OF 
HEATING AND COOLING COILS 

The new Modine line of Heating and 
Cooling Coils now gives you over 3,600 
coils to choose from in matching your 
specific performance and size require- 
ments for heat transfer or cooling sur- 
face. But that’s not alll Newly engi- 
neered and designed, Modine coils permit 
use of smaller duct sizes for increased 
convenience and efficiency 1 Available in 
eight major types: 


1. Standard Heating Coil (Ulus.) 

For all normal 
heating, venti- 
lating, air con- 
ditioning and 
drying applica- 
tions where 
steam is heat- 
ing medium. 
595 sizes and 
models. 


2. Non-Freeze Heating Coil (Ulus.) 

Incorporates 
steam distributing 
tubes for uniform 
face temperature 
and resistance to 
freezing. Use 
where temperature 
is controlled by 
modulating steam 
supply . . . even 
with below-freez- 
ing entering air temperatures. 510 sizes 
and models. 


3. Standard Booster Heating Coil (Ulus.) 

For use where 
small volumes 
of air are 
handled. Ideal 
for controlling 
temperatures in 
branch ducts. 
Face areas as 
small as i 
square foot in 
standard and non-freeze types. 46 sizes 
and models. Also available in non- 
freeze type. 


4. Hot Water Heating Coil (Ulus.) 

A serpentine coil 
for use on hot 
water. Exclusive 
Modine feature 
ermits counter- 
ow installation 
regardless of air 
fiow direction with 
complete air vent- 
ing and drainage 
provision. 85 sizes 
and models. 


5. Cleanable Water Cooling Coil (Ulus.) 

Re c ommended 
where occasional 
tube cleaning is 
needed. Easy ac- 
cess to each tube is 
provided by indi- 
vidual pipe plugs 
along full length of 
headers. 680 sizes 
and types. Also 
available in Stand- 
ard type. 


6. Direct Expansion Coils (Ulus.) 

For use with Freon. All 
coils come with multi- 
circuit distributors for 
uniform distribution of 
fiash gas and liquid to 
each circuit under vary- 
ing load conditions. 

More than 1000 sizes and 
types. 

Cabinet Unit Heaters (Ulus.) 

Designed for heat- 
ing offices, lobbies, 
corridors, etc. . . . 
wherever quick, 
positive distribu- 
tion of heat com- 
bined with quiet 
operation and 
gentle air move- 
ment are desirable. 

Has considerably 
greater output 
than convector of 
equivalent size. 

Employs copper heating coil for use on 
steam or hot water ^stem. Mounted on 
wall or ceiling. Capacities: 105 EDR 
and 310 and 450 EDR. 
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The Hermam Meisoh Corporatioh 


Branch 

Atlajfta, Ga. 
Baltimore, Md. 
Boston, Mass. 
Buffalo, N. Y. 
Gape Euzabeth,Mb. 
Chicago, III. 
Cincinnati, O. 
Cleveland, O. 
Columbus, O. 
Dallas, Tex. 
Denver, Colo. 

Dbs Moines, Iowa 


General Oflicee and Factories at Moline, Illinois 
Offices and Product-Application Engineers in the Following Cities: 


Detroit, Mich. 
Duluth, Minn. 

Grand Rapids, Mich. 
Greensboro, N. C. 
Houston, Tex. 
Indianapolis, Ind. 
Jackson, Miss. 

Kansas City, Mo. 

Los Angeles, Calif. 
Louisvilli^ Ky. 
Memphis, Tenn. 

Miami, Fla. 


Milwattkee, Wis. 
Minneapolis, Minn. 
Missoula. Mobit. 
Moline, III. 
Nashville, Tenn. 
New Orleans, La. 
New York, N. Y. 
Oklahoma City, Okla. 
Omaha, Neb. 
Philadelphia, Pa. 
Phoenix. Ariz. 
Pittsburgh, Pa. 


Portland, Ore. 
Richmond, Va. 
Saginaw, Mich. 

St. Louis, Mo. 

Salt Lake City, Utah 
San Antonio, Tex. 
San Francisco, Calif. 
Seattle, Wash. 
Spokane, Wash. 
Springfield. Mass. 
Syracuse, N. Y. 
Washington, D. C. 



HERMAN NELSON 
HORIZONTAL 
SHAFT PROPEL- 
LER-FAN TYPE 
UNIT HEATERS 
Designed for ceiling 
suspension, these unit 
heaters project warm 
air downward $!in an 
angular direction. 
Copper heating element for use with 
steam or hot water, incorporates pat- 
ented stay tube which maintains proper 
relationship between headers without 
increasing strain on loops thus pro- 
longing life of unit. A wide variety of 
models, sizes and arrangements. 

• HERMAN NELSON 
VERTICAL SHAFT 
PROPELLER-FAN 
TYPE UNIT 
HEATERS 
For high ceiling in- 
stallations. Discharge 
air vertically down- 
ward, or at an angle to 
vertical in various di- 
rections. Long life copper heating ele- 
ment for use with steam or hot water in- 
corporates patented stay tube. Units 
available with either high or low velocity 
discharge, each with a wide range of 
capacities. 

HERMAN NEL- 
SON DE LUXE 
UNIT HEATERS 



pended from ceiling. Eighteen models » 
sizes and arrangements. 

HERMAN NELSON 

CENTRIFUGAL- 
FAN TYPE 

UNIT HEATERS 

The Herman Nel- 
son Centrifugal-Fan 
Type Unit Heater 
can be applied to 
solve a multitude of 
heating and venti- 
lating problems. With 1890 combina- 
tions of models, sizes and speeds avail- 
able, there is a unit to fit the average 
requirements of commercial and indus- 
trial buildings of all types. 

HERMAN NELSON 
UNIT VENTILATORS 

The Herman Nelson Unit Ventilator 
incorporates all of the features of design 
and construction which make possible 
the efficient and economical maintenance 
of desirable schoolroom air conditions. 
It is quiet, economical, attractive and is 
designed to permit maintenance of uni- 
form temperatures at all times through 
gradual tnrottling of the steam supply. 

Integral design of cabinet permits this 
unit ventilator to be used by itself or as a 
section of a group including utility 
cabinets and convectors. 




Heaters provide 
heating offices, 
markets, stores. 


Efficient, eco- 
nomical, compact, 
quiet and attrac- 
tive, these Unit 
the ideal method for 
showrooms, corridors, 
etc. Copper heating 
element incorporates patented stay tube. 

Units may be placed on floor, wall or sus- 
Herman Nelson Unit Heaters and Unit Ventilators are tested and rated in accord- 
ance with the Standard Test Code adopted jointly by the Industrial Unit Heater 
Association and the American Society op Heating and Ventilating Engineers 
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The Hermah Helsoh Corporatioh 

General Offices and Factories at Moline. Illinois * 



HERMAN NELSON 
DIRECT DRIVE 
PROPELLER FANS 

Provide most economi- 
cal form of quality venti- 
lation obtainable for 
industrial buildings of all 
types. 7 standard sizes 
available with wheel 
diameters from 14 to 36 

P in. and capacities from 
655 to 12,400 cfm. There 
are 7 high powered 
models to operate against 
static resistance of in., 
with wheel diameters 
from 14 to 36 in. and 
capacities from 1200 to 
14,600 cfm. Also three 
models especially adapted to small store 
and office applications. Standard Models 
available with two spc(jd motors. 

HERMAN NELSON 
BELT DRIVE 
PROPELLER FANS 

For public and com- 
mercial building instal- 
lations where slow speed, 
quiet operation arc re- 
quired. Twelve sizes of 
the standard model with 
wheel diameters from 24 in. to 54 in. 
Also six sizes of the High Powered model 
with the same wheel diameters. Capaci- 
ties: 5650 to 36,150 cfm. Due to quiet 
operation of Herman Nelson Belt Drive 
Propeller Fans, use of two speed motor 
is unnecessary. 





HERMAN NELSON 
DIRECT DRIVE 
UNIT BLOWERS 

Designed for many 
applications, such as 
fume hoods, toilet 
ventilation, chemical 
laboratories, indus- 


trial processing and drying problems. 


Compact, direct connected, motor driven 
units have universal discharge and 
mount on floor, wall or ceiling. Available 
in four sizes with 9 speed combinations. 
Wheel diameters from 6Ji6 in. to 11 in. 
and capacities from 360 to 2265 cfm. 


HERMAN NELSON 
BELT DRIVE 
UNIT BLOWERS 

Fully self-contained 
unit including motor, 
drives and housing; 
slow speed or non- 
over-loading type 
wheels available; adjustable motor 
pedestal with vibration dampers; uni- 
versal discharge; nine sizes with 70 drive 
combinations. Available with any rota- 
tion and discharge. Wheel diameters 
from 11 in. to 30 in. and capacities from 
980 to 16,892 cfm. 



HERMAN NELSON 
CENTRIFUGAL FANS 

Herman Nelson Centrifugal Fans are 
designed and constructed for smooth, 
efficient, long-life operation on any sys- 
tem requiring the use of a Class I or II 
centrifugal fan. These fans are avail- 
able in either slow speed or non-over- 
loading type; 17 wheel diameters from 12}i 
to 73 in.; single or double width; 8 
arrangements for direct or belt drive; 
and any rotation or discharge. 


i 

Model AN 



Model HN 


The Complete Line of Herman Nelson Propeller and Centrifugal Fans is tested and 
rated in accordance with the Standard Test Code adopted jointly by the National 
Association of Fan Manufacturers and the American Society of Heating and 
Ventilating Engineers. 
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John J. Nesbitt, Inc. 

Philadelphia 36, Pa. 

Manufacturers of 

THE NESBITT SYNCRETIZER Heating and Ventilating Unit, and 
THE NESBITT PACKAGE, schoolroom ensemble consisting of the Syncretizer, 
Convector and storage units, sold by John J. Nesbitt. Inc., and American Blower 
Corporation; 

NESBITT HEATING SURFACE with Dual Steam-distributing Tubes, 

NESBITT SERIES H HEATING SURFACE, and 
NESBITT SERIES W COOLING SURFACE, 

sold by leading manufacturers of fan-system apparatus; 

NESBITT CONVECTORS, sold by plumbing and heating wholesalers; 
WEBSTER-NESBITT UNIT HEATERS (See page 1335), 
distributed in U. S. A. by Warren Webster & Company. 


NESBITT SYNCRETIZER— Series 500 



Semi -recessed Model 

For heating and ventilating school- 
rooms, of&ices, etc. where the continuous 
introduction of outdoor air is desired. 
Incorporates exclusive Nesbitt features: 
Comfort Control provides maximum com- 
fort} Air Volume Stabilizer prevents ex- 
cessive quantities of outdoor air from 
entering the unit, saves fuel; Uniform 
Air Discharge Temperatures assured by 
use of Nesbitt Dual Steam-Distributing 
Tubes inside the Syncretizer radiator; 
Directed-Flow Adjustable Outlet permits 
the direction of the discharge air to be 
varied to suit individual classroom re- 
quirement. For engineering data, Pub. 

For data on The Nesbitt Package, 
school -room ensemble consisting of the 
Syncretizer, Convector, and storage 
units. Pub. 258 

Nesbitt Series B Thermovent 
For heating and ventilating auditori- 
ums, gymnasiums, assembly nails, and 
similar gathering places. Publication 
No. 227-2 

NESBITT SURFACE 



SERIES W. Continuous tube or clean- 
l^ble tube water surface for air-cooling 


and dehumidifying with cold water, or 
air heating with hot water. Copper 
tubes and plate-type aluminum fuis. 
Wide range of sizes in three types; Type 
WD sections have exclusive drainability 
feature and the surface pitched in the 
casing. Positive drainage insured pro- 
tecting against winter freeze-ups. Pub. 
246. Type WB sections for booster-heat- 
ing or air-cooling applications with rela- 
tively small air volumes and drainability 
feature unnecessary. Type WC sections 
employ standard Nesbitt Series W Sur- 
face cores, pitched in the casing. De- 
signed for use where tubes require peri- 
odic cleaning. Cast iron headers with 
removable cover plates allow access to 
tubes. Single or double serpentine cir- 
cuits in a range of sizes. Pub. 255 

SERIES H. General blast coil surface 
for heating, ventilating, air conditioning 
and drying in both high- and low-pres- 
sure steam systems. Copper tubes and 
aluminum fins. Seven surface types, full 
range of sizes. See publication 248. 

SERIES D. Heating surface with 
Steam-Distributing Tubes, ideal for pre- 
heating outdoor air. Freeze-proof plus. 
Uniform discharge temperatures; precise 
controllability with modulating valves. 
Copper tubes and headers, aluminum 
fins. Available in Type DS having a 
single steam supply, and Type DD hav- 
ing a steam supply at both ends of the 
section. Publication 247. 

SERIES E. For air cooling and de- 
humidifying with direct expanded refrig- 
erant. Constructed of copper tubes and 
fiat plate -type aluminum or copper fins. 
Available in a wide range of sizes. Pub. 259 

NESBITT CONVECTORS 

Designed for 
steam or hot water 
heating of resi- 
dences, apart- 
ments. Available 
in 20 stock sizes. 

Send for Publica- 
tion 252. 
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THIRMOBIjOC 

DIVISION 
« 

Prat-Daniel Corporation 

88 Water Street East Port Chester, Conn. 



THERMOBLOC 

DIRECT-FIRED PACKAGED 
• UNIT HEATERS 

THERMOBLOC is tin (‘iitirely new, revolutionary, 
draft free, packaged unit heater. Uniiiue design of 
oiitl(d.s permits heatcul air discharge through a full «36() 
degr(*e area. Outh*!. vanes allow horizontal flow 
control. 

THERMOBLOC is shipped ready for installation, 
with (»nly oil or gas and power line connection neces- 
sary to put it into op(‘ration. Where larger areas are 
to be heated, or more heat is ri'^juired, more than one 
unit may be installed, either separately or in parallel. 

THERMOBLOC alTords adequate heating facilities 
for an entire plant or for additional heating source 
where needed. For summer, cool air may be draw^n 
from the floor level and circulated at working level. 

THERMOBLOC 550 Available from stock. Size: 
30 in. diameter, 10 ft high. Output: 550,000 Htu’s. 
Efficiency: 82-S6 per cent with oil or gas. 


THERMOBLOC 300 — This new unit is available immediately from stock. Size: 30 
in. diameter, 7 ft high. Output: 300,000 Htu’s. Kfficicnev: 82-86 per cent with 
oil or gas. 



One or more units may be installed 
as shown at left where greater 
heating capacity is required. 


Information on other applications will be sent on request. 
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The TRRnG Company 

2021 Cameron Avenue, La Crosse, Wisconsin 

In Canada: Trane Company of Canada; Ltd., Toronto, Ontario 

COMPLETE LINE OF HEATING, COOLING, AIR 
CONDITIONING AND AIR HANDLING EQUIPMENT 


Albany, N. Y. 
Albuqubrqur, N. M. 
Allentow^ Pa. 
Amarillo, Texas 
Appleton, Wib. 
Atlanta, Ga. 
Aurora, III. 
Baltimore, Md. 
Billings, Mont. 
Birmingham, Ala. 
Boston, Mass. 
Buffalo, N. Y. 
Canton, Ohio 
Chattanooga, Tenn. 
Chicago, III. 
Cincincinnatt, Ohio 
Clarksburg, W. Va. 
Clarksville, Tenn. 
Cleveland, Ohio 


Over 75 Tri 
Columbus, Ohio 
Dallas, Texas 
Davenport, Iowa 
Dayton, Ohio 
Denver, Colo. 

Des Moines, Iowa 
Detroit, Mich. 

Erie, Pa. 

Flint, Mich. 
Gainesville, Fla. 
Grand Rapids, Mich. 
Greensboro, N. C. 
Greenville, S. C. 
Harrisburg, Pa. 
Houston, Texas 
Indianapolis, Ind. 
Jackson, Miss. 

Kansas Citi^ Kans. 
Knoxville, Tenn. 


Sales Offices 
La Crosse, Wis. 

Lake Charles, La. 
Lob Angeler Calif. 
Louisvill^ Ky. 
Memphis, Tenn. 
Milwaukee, Wis. 
Missoula, Mont. 
Newark, N. J. 

New Orleanr La. 
New York, N. Y. 
Oklahoma City, Okla. 
Omaha, Nebr. 
Philadelphia, Pa. 
Phoenix, Arizona 
Pittsburgh, Pa. 
Portland, Maine 
Portland, Oregon 
Providence, R. I. 
Richmond, Ya. 


Roanoke, Va. 
Rochester, N. Y. 

St. Louis, Mo. 

St. Paul, Minn. 

Salt Lake Cit^ Utah 
San Antonio, Texas 
San Francisco, Calif. 
Seattle, Wash. 

Sioux City, Iowa 
South Bend, Ind. 
Spokane, Wash. 
Syracubi^ N. Y. 
Toledo, Ohio 
Trumbull, Conn. 
Washington, D. C. 
West Hartford, Conn. 
Wichita, Kans. 
Wilkes-Barre, Pa. 
Wilmington, Del. 
Worcester, Mass. 


A COMPLETE LINE 

The Trane Company fabricates a complete line of heating, cooling, air conditioning 
and air handling equipment. Long years of experience with practical knowledge 
gained from close field contact have developed products for every requirement. 


Trane Systems— So com- 

E rehensive is the Trane 
line that any number of 
complete heating and air 
conditioning systems can 
be designed in which all the 
major parts are made by 
Trane. Examples: Trane 
Custom-Air System of Air 
Conditioning for multiple- 
room buildings; Central and 
unit systems of air condi- 
tioning for comfort and 
processes; Steam and hot 
water heating systems. 

Trane Convector-Radia- 
tors — The modern succes- 
cessor to the old-fashioned 
radiator, the Trane Convec- 
tor-radiator is a compact, 
light-weight, easy-to-install 
unit. Available for either 
steam or hot water heating 
system. 

Currently easier to obtain 
and install than ever, new 
Type A Units are available 
from stock throughout the 
nation. 

Trane Coils— There are 
Trane Extended Surface 
Coils for every heating or 
cooling, comfort or process 
application, in all types and 
sizes. Types include coils 
for steam, not water or boos- 
ter heating, direct expansion 
or water cooling. 




Torridor Unit Heater 



Trane Blower Type Unit 
Heaters — lietter known as 
Torridors, Trane Blower 
Type Unit Heaters arc 
available for large space 
or ductwork applications. 
Ideal for heating largo 
spaces, exposed areas re- 
quiring a blanket of heat, 
and for process applica- 
tions. 

Trane Propeller Type Unit 
Heaters — Sides, top and bot- 
tom of one-piece wrap- 
around construction. Grille 
and fan shroud arc attached 
to complete the unit. Body 
construction gives greater 
support to coil and motor — 
giving cleaner, and hand- 
somer appearance. Coil is 
protected against expansion 
and contraction by newly 
developed floating coil fea- 
tures. Capacities from 20,- 
000 through 352,000 Btu. 

Trane Projection Heaters 
— A Trane development, the 
Projection Heater taps the 
usually wasted heat reser- 
voir at the ceiling, bringing 
it down where it is needed. 
Available with any of sev- 
eral grille, louver or diffuser 
arrangements. Exception- 
ally efficient is the com- 
pletely adjustable Clover- 
leaf Diffuser. With this 
arrangement, part of the air 



The Trane Company 


Air Conditioning 


Unit Heaters 
and Coolers 


can be projected downward 
while a part of the stream 
can be deflected almost hori- 
zontally. 

Trane Unit Ventilators— 

To meet every requirement 
of ventilation in school 
classrooms and similar 
installations. Modernistic 
cabinets house unit ventila- 
tor mechanisms and heating 
elements. So wide a line is 
presented that each unit is 
virtually tailormadc for the 
installation. 

Trane Literature — Trane 
publishes the Trane Air Con- 
ditioning Manual ($5.(X)) , 
unbiased textbook for the 
engineering profession, and 
the Trane Refrigeration 
Manual ($1.50), a rolerenec 
for the servicing and install- 
ing of all types of refrigera- 
tion systems. These are 
non-profit texts, printed to 
help solve the problems of 
air conditioning and re- 
frigeration for the engineer, 
craftsman and layman. 

Trane Climate Changers— 
Trane Climate Changer, a 
unit type air conditioner, is 
designed for summer, win- 
ter, or year ‘round air con- 
ditioning, commercial and 
industrial application, com- 
fort or process installations. 
Available in various coil 
combinations with or with- 
out humidification equip- 
ment. 

Trane Refrigeration Equip- 
ment — Outstanding in the 
refrigeration field is the 
Trane Turbo-Vacuum Com- 
pressor, a completely 
self-contained hermetically 
sealed centrifugal type 
water chiller, (kmstant op- 
eration with a minimum of 
maintenance is assured by 
the scientific simplicity of 
this machine. 

Trane also furnishes a 
complete line of Reciprocat- 
ing Compressor and Con- 
densing Units w'ith capac- 
ities ranging from 3 to 1(K) 
tons. Also available are 
Trane Self-Contained Air 
Conditioners for shop and 
office spaces. 

Trane Centrifugal Fans— 

Recommended for all types 
of heating, cooling, and air 
handling applications. In 



Projection Heater 



Climate Changer 



Turbo Vacuum Compressor 



Reciprocating Compressor 



Centrifugal Fan 



LifeHme Valve 
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direct or belt-driven units, 
single or double widths, and 
all standard discharges in 
both backward and forward 
curved blade construction. 
Capacities 200 to 330,000 
cfm. 

Trane Steam Heating Spe- 
cialties— There are over fifty 
valves, traps, vents, strain- 
ers, all allied specialties in 
the Trane Line. Among 
them are the famous Trane 
Hermetic Valve with the 
Lifetime Diaphragm that 
absolutely prevents steam 
leakage around the stem, and 
the Thermostatic Radiator 
Trap which together provide 
an ideal combination for 
convector radiators. 

Trane Hot Water Heating 
Specialties— Included 
among Trane Ilot Water 
Heating fecial ties arc the 
Trane Circulator, Flo 
Valves, and Fittings. They 
combine with Trane Con- 
vectors or Unit Heaters to 
provide an ideal Warm 
Water Heating System for a 
great variety of applica- 
tions. 

Other Trane Equipment — 

The complete Trane Line 
also includes — 1. Trane 
Roof Ventilators — supply 
and exhaust; 2. Trane Con- 
densation and Centrifugal 
Pumps; 3. Trane Dry Type 
Water Chillers; 4. Trane 
Evaporative Condensers to 
condense refrigerants in the 
air conditioning system with 
a minimum use of water; 5. 
Trane Cooling Towers; 6. 
Trane Force-Flo Heater for 
quiet heat and neat appear- 
ance; 7. Trane Railroad and 
Bus Air Conditioning 
Equipment of all kinds; 

8. Trane Shell and Tube 
Heat Exchangers for cooling 
and heating vapors or 
liquids in a closed system; 

9. Evaporative Coolers for 
cooling fluids in a closed 
system; 10. Transformer Oil 
Coolers; 11. Air Washers. 

Write today for Trane 
Condensed Catalog PB290 
which describes completely 
all of the products listed 
here as well as providing 
sufficient data for their 
selection. 


Air Conditioning 


Unit Heaters 
and Coolers 


Refrigeration Economics Co., Inc. 

1231 Tuscarawas St. E., Canton 2, Ohio 

RECOY PRODUCTS 






C. T. COILS 

Continuous-tube down-draft fin-coils are 
still unsurpassed for meat coolers. 
Others available for practically any ap- 
plication. 

EVAPORATIVE CONDENSERS 

Evaporative condensers from 2 to 100 
tons. Brine spray cooling to 25 tons. 

4- CEILING DIFFUSER 

Ceiling diffusers distribute the 
cooled air across the ceiling, so 
the blast does not strike th(^ 
products stored or occupants. 

C. F. COILS -4 

Continuous fin coils for unit 
coolers, blast heaters, air (con- 
ditioning and condensers. 

f- AIR CONDITIONING 

Air conditioning units of ceiling 
or floor type in all capaciti(»s, 
for cooling, heating, or both. 

AUTOMATIC DEFROST -4 
UNITS 

Complete, ready for electric, 
li(iuid, suction, and hot gas 
connections. One coil working 
always, both 98 per cent, of 
time. 

4- WALL UNITS 

Recoy ‘*A1I Seasons” wall units 
provide a damper for defhjcting 
the cold air down along the wall 
or out horizontally into the 
room, thus providing proper air 
circulation for “All Seasons.” 

SHELL CONDENSER -4 

Shell and tube, also shell and fin 
coil condensers. Both types 
have tubes arranged for (clean- 
ing with tube cleaner. 

4- WATER COOLING 

Self contained complete ice 
water and brine coolers com- 
plete with high and low sides, 
circulating pumfis, controls, 
and insulation. to 50 hp. 

FLOOR UNITS 

Floor units with cooling surface 
exposed to view have a definite 
advantage over those with coils 
hidden. Design permits water 
defrosting. 
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Factories: 
NEWARK. N. J. 


L. J. Wing Mfg. Co. 

59 Seventh Avenue, New York 11, N. Y. 


Canadian Factory: 
MONTREAL 



WING REVOLVING UNIT HEATERS 


Cro8H-Sec - 
turn through 
heater ahwe- 
trig motor, 
fan, heating 
section and 
renidning dts- 
charge outlet. 
Design No. 8. 



(Right) Cross- 
section of Tur- 
bine Heater 
showing fan, 
turbine, heater 
section and re- 
volving dis- 
charge outlet. 
Design No. 6. 



Motor Driven Heater 



Turbine Driven Heater 


This innovation in the method of dis- 
tributing heat produces a sensation in 
heating comfort never before attained — a 
sensation of fresh, live, invigorating air. 

The fact that the outlets revolve as- 
sures uniform and thorough distribution 
of comfortably warmed air throughout 
the entire working area, without drafts, 
hot spots or cold spots. 

Such an unprecedented high efficiency 
in distributing heat is the result of 2«5 
years of constant study by Wing engi- 
neers to improve on the Floodlight Sys- 
tem of heating pioneered by WING in 
1921. This method projects the heated 
air vertically downward l)y means of 
light-weight, ceiling-suspended unit 
heaters. 

It has needed only this latest refine- 
ment of slowly revolving discharge out- 
lets to bring that method to perfection. 

The WING Kcvolving Discharge type 
supplements the WING line of standard 


fixed discharge outlets, illustrated and 
described on the following page. 

Bulletin IfR~5. 

The latest type of WING Unit Heater 
' with Revolving Discharge Outlets — is 
the WING TURBINE DRIVEN UNIT 
HEATER in which the steam used to 
drive the fan (instead of an electric 
motor) also supplies the heater section. 

The Wing Turbine Revolving Unit 
Heater employs the new Wing Allsteel 
Steam Turuine which operates at any 
pressure. Condensate from the heater is 
never at a temperature exceeding 170 F. 
The entire unit is so designed that there 
is no back pressure on the turbine, assur- 
ing against leaks without the use of 
power-absorbing, troublesome packing. 
This also eliminates the need for traps 
and extra piping. 

As in the motor -driven heater, the re- 
volving discharge outlet distributes the 
heat continuously in constantly changing 
directions. 
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Design JVo. 4 

FIXED DISCHARGE UNIT HEATERS 

The first light-weight, ceiling-sus- 
pended, unit heater. Eight different de- 
signs of outlets meet the requirements of 
every type, size and height of building 
or occupany. Located near ceiling or 
roof, the accumulation of hot air in the 
upper spaces, with the accompanying 
costly waste of heat , is prevented . he v 
project the air, comfortably warmed, 
downward to the working area. Bulletin 

^ DOOR HEATERS 

GARAGE 

heaters 

WING developed | 

- this vertical conc- 

THp discharge heater in 

1921 and today it is 
still applicable for heating the inrush of 
cold air at large doorways and for garage 
heating. Often cuts heating costs in 
half. Bulletin HR-6. 


FOR LOW CEILINGS 


In this type of 
WING Unit 
Heater the posi- 
tion of fan and 
motor are reversed 
to meet conditions 
of ceiling or roof 
height, form and 
shape of building, coverage, etc. Bulle- 
tin HR-6e 




Type 


WING UTILITY UNIT HEATERS 

A lightweight sus- 
pended unit heater for de- 
livering heated air in one 
general direction. Has 
the same powerful fan 
and rugged heating ele- 
ment as WING Feather- 
weight Unit Heaters. 
This is the latest refinement of the origi- 
nal horizontal light-weight heater which 
was developed by WING. Bulletin U-6. 




Deeign No. 1-IIV 



Design No. B 



WING GAS FIRED UNIT HEATERS 

For natural or manufac- 
tured gas. Combines gas 
burners, heat exchanger 
and combustion chamber 
with motor driven Wing 
fan and discharge out- 
lets. The revolving dis- 
charge outlet distributes 
the heat continuously in constantly 
changing directions. Bulletin GH-1. 



FEATHERFIN HEATER SECTIONS 

For heating or cooling air 
for any purpose by 
steam, hot or cold water 
or refrigerant. The heat- 
ing element is extremely 
li^t and, for eoual heat 
transfer, offers little re- 
sistance to air flow. 

Available for any desired final air tem- 
perature. Bulletin HS-4. 



VARIABLE TEMPERATURE 
SECTIONS 


Invaluable in supplying 
fresh air of varying tem- 
peratures for space heat- 
ing or process work. 
Close control of the de- 
livered air temperature. 
Positively will not freeze. 
Manual or automatic 
control . Bulletin HS-S. 



WING INDUSTRIAL FOG 
ELIMINATORS 

Eliminate fog, odor and 
fumes in dyeing, bleaching 
and finishing plants, cream- 
eries, pasteurizing, bottling, 
canning and packing plants, 
chemical works, paper mills, 
steel pickling plants, etc. 

No ducts are required. Bul- 
letin FE-12, 
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L, /. Wing Mfg. Co. 


Air Conditioning • 


Blowers 


WINGFOIL SAFETY 
VENTILATING FANS 



An axial flow fan 
that will deliver air 
against static prd&- 
sure, quietly and 
efficiently. 

Moves the air for- 
ward in straight 
lines with mini- 
mum eddy. Capac- 
ities to 100, (XX) 
cfm. Bulletin F-9. 




WING FEATHERFIN PROCESS 
HEATING UNITS 

For man- 
ufactur- 
ing proc- 
esses 
such as 
drying, 
aging, 
etc., re- 
quiring the recirculation of the heated 
air. Motor or turbine located outside air 
current. Bulletin P~2. 

WINGFOIL DUCT FANS 

For economically moving air wherever ducts 
arc used. It combines the efficient WINGFOIL 
AXIAL FLOW Fan wdth a housing which places 
the motor entirely outside the air duct. Motor 
and drive remain cool and clean and are easily 
accessible. 

The powerful WINGFOIL Fan delivers high 
air volume with low power consumption against 
any pressures for which duct systems should be 
designed. V-belt or direct drive. 

Light, compact and easy to install. Bulletin 
F-9. 


WING SYSTEM OF CONTROLLED 
COMBUSTION 

For low pressure heating boilers and small 
power boilers. Increases capacity and permits 
use of lowest cost fuel. Includes Type EM 
Blower equipped with fully enclosed diistproof 
motor with speed regulating rheostat and auto- 
matic control. Eliminates necessity of fre- 
quent firing, allowing intervals Jis great as 24 
hours even in zero weather. Bulletin M-96. 
WING TURBINE-DRIVEN BLOWERS i 

Applied to hand, stoker, oil or pulver- ' 
ized fuel fired boilers, increase boiler j 
capacity, maintain constant steam pres- 
sure and permit 
complete com- 
bustion of low- 
cost fuels. The 
exhaust steam, 
free from oil, 
can be used for 
heating or proc- 
esses. Bulletin 
T-98. 

WING DRAFT INDUCERS 

Installed in breeching or flue, or on 
chimney top; provide positive, exact 
draft regardless of weather conditions or 
inadequate 




Installation of Wing System of Controlled 
Combustion in a large school 

WING MOTOR-DRIVEN BLOWERS 

Type COM 
for static pres- 
sures over 5 in. 
and volumes up 
to 35,000 cfm. 

Type KMD for 
moderate static 
pressures up to 
5 in. Both blow- 
ers have fully- Type COM 

enclosed dust proof constant speed motor 
and built-in adjustable control vanes. 
Type COM has 




Chimney-Top InslaUation 


chimney or 
breeching con- 
struction. Suit- 
able for coal , 
oil, or gas-fired 
boilers; indus- 
trial furnaces 
and kilns. Bul- 
letin I-IO, 
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double-staged 
axial flow fan; 
Type EMD, 
single stage fan. 
Extremely com- 
pact; discharge 
can be vertical , 
horizontal or 
inclined. Bul- 
letin SW-1. 


Type EMD 





Air-Conditioning . ^^4 


Young Radiator Co. 

Dept. 179, Racine, Wis. 

Sales and Engineering Offices in Principal Cities 


VraNO 

HEAT TRANSFER PRODUCTS 


Conyectors • Unit Heaters • Heating Coils • 
Cooling Coils • Evaporators • Air Conditioning 
Units • Gas. Gasoline. Diesel Engine Cooling 
Radiators • Jacket Water Coolers • Heat Ex- 
changers • Intercoolers • Condensers • Evap- 
orative Coolers • Oil Coolers • Gas Coolers • 
Atmospheric Cooling and Condensing Units • 
Supercharger Intercoolers • Aircraft Heat 
Transfer Equipment. 


‘STREAMAIRE” UNITS 

**Streamaire” units are a development of Youhk^s (luartcr eeiitury of exporienee in 
building heat transfer products. Personalized, ^^on-the-job*’ engineering service by 
field men — backed by modern research and manufacturing facilities —assures the 
practical, economical installation as required in your plans. 



Type unit 

heaters for hori- 
zontal air dis- 
charge. 

Available with capaci- 
ties from 19,000 to 
325,000 Btu per hour. 

Type “V” or V<ir- 
tiflow unit heaters 
for vertical air dis- 
charge. 

Capacities from 

52,600 to 552,000 IHu 
per hour. 

Type “BH” 
blower unit heaters 
for floor, wall or 
ceiling mounting. 

(yapacitios from 

109,400 to 1,047,000 
Btu per hour. 


Type “W” water 
coils for cooling or 
heating with cen- 
tral plant systems. 

Five widths, 11 to 35 
in.; 2 to 8 rows of tubes; 
many lengths. 


Type “E” evap- 
orator coils for 
direct expansion 
cooling systems 
using Freon or 
Methyl chloride. 

Four widths— -one to 
six rows of tubes; many 
lengths. 


“Streamaire” 
Convectors Stand- 
ardized Types — 
circulate rath(‘r 
than radiate heal. 
Used with steam or 
hot water systems. 

Cabinets blend w'ith 
architecture and r(x>m 
furnishings. 

“YAC” vertical 
or horizontal type 
air conditioning 
units provide “wea- 
ther to order” 
year-round. A con- 
stant, quiet flow of 
evenly distributed 
clean, healthfully- 
fresh air at finger- 
tips. 

Also available in units 
for winter or summer 
conditioning only. 

Capacities from 400 to 
16,625 cfm. 


Types “B” and 
blast coils for 
central plant heat- 
ing and air condi- 
tioning systems. 

Steam distributing 
tube type available. 


T3rpe “C” com- 
mercial heat trans- 
fer coils for use in 
factory built air 
conditioning units. 

Steam distributing 
tube type available. 
One, two and three rows 
of tubes. 
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Air Conditioning and Heating Piping 


Pipe and Tube 
• of Copper and 
Copper Alloys 


Revere Copper and Brass Incorporated 

Executive Office: 230 Park Avenue, New York 17, N. Y. 

MILLS — Raltimork, Md., Nkw Bkdkord, Mass., Romk, N. Y., 

Detroit, mich., Chicago, 

SALES OFFICES- Boston, Mass., Providence, R. I., Philadelphia, Pa., Atlanta, Ga., 
New York, N. Y., Pittsburgh, Pa., Cleveland, Ohio, Cincinnati, Ohio, Grand Rapids, 
Mich., Milwaukee, Wis., St. Louis, Mo., Indianapolis, Ind., Minneapolis, Minn., 
Dallas, Texas, Seattle, Wash., San Francisco, Calif., Los Angeles, Calif., Hart- 
ford, Conn., Dayton, Ohio, Houston, Texas 


REVERE PIPE AND TUBE OF COPPER AND COPPER ALLOYS 

For Heating, Air Conditioning, Plumbing, Fuel Lines, Compressed Air Lines, etc. 


Revere Copper Water Tube, Types K, 
li, and M moots Federal and Ai^TM 
specifications. 

Types K, and L furnished in hard and 
soft tempers. 

Types M, IJi in. and above, furnished 
in hard temper only. 

Revere Type K Copper Water Tulxi in 
liard temper is not too hard to be bent 
with a hand bender. 

Type K soft temper tuVx; is recom- 
iiKuided for underground water service or 
fuel lines. 

Hot water lines of Copper Water Tube 
lose very little heat to ambient air, 
henei* save fuel. 

Revere Red-Brass Pipe (Gov^t Grade A) 
or (\)pper Pip(i (both SPS) are recom- 
mendi'd for piping systems where 
thr(*aded connections are required. 

For Radiant Heating 

Revere Copper Water Tube, furnished 
in 60 ft (!oil8 is easily bent to form sinuous 
coils for heating panels. 

Long, one-piec(* lengths of copper tube 
reduce the number of couplings or joints 
reiiuired. 

Small diam(‘ters of copjier tube re- 
(luire less thickness of embeddment in 
plaster. Revere Dryseal Copper Tube is 
dehydrated and seah'd. It is commonly 
us(*d for Refrigeration and Air Condition- 
ing Systems, fuel lines, compressed air 
lines, and general service work. 

Furnished in dead soft temper, it is 
easily bent and flared. 

For Condensers and Heat 
Exchangers 

Revere Cupro-nickel condenser tube 
has definitely been found superior for 
condensers, after coolers, and similar 
}i(;at exchangers. 

Similar tubes of Revere Admiralty 
Metal are widely used. 

Revere Seamless Copper Tube is com- 
monly used for finned tube coils. 

For Industrial Piping and the 
Process Industry 

Revere produces a wide range of pipe 
and tube made of copper and copper al- 
loys for industrial use where high resist- 
ance to corrosion is required. 


Solicitations for assistance in selecting 
piping material best suited to specific 
conditions arc welcome. 

Silver-brazed Joints 

Revere Red -Brass Pipe or Copper 
Pipe is recommended where silver-brazed 
joints are required with standard pipe 
sizes. 

Revere Copper Water Tube and stand- 
ard soldered type fittings can also be 
silver-brazed satisfactorily and generally 
at less cost than heavier pipe. 

Technical Advisory Service 

Revere maintains a staff of technical 
men to assist engineers, designers, and 
contractors in the selection of suitable 
Revere products for various applica- 
tions. Their services are available with- 
out obligation. 

Technical Literature 

Literature relating to many fields of 
application for Revere pipe and tube 
products are available upon request . 

Two booklets on Radiant Panel Heat- 
ing cover the subject of design procedure 
and in the form of a non-technical and 
unbiased discussion for lay readers. 

Revere Copper Water Tube 
STANDARD DIMENSIONS AND WEIGHTS 



Type K 


j Type!. 

TypeM 

Si^e 

In 

c 

HH 

I 


1 

1 


1 

In. 

.s 

R 

o 

1 

Wall 

Thick 

In. 

Wt.Lb 
per Ft 

1 

Wt.Lb 
per Ft 

Wall 

Thick 

In. 

Wt. Lb 
per Ft 

>4 

. 375 ' 

‘ .032 

.1^ 

.030 

.1^ 



H 

.500 

.040 

.260 

.035 

.108' 



H 

.625 

.040 

.344 

.040 

.285 



.750 

.040 

.418 

.042 

.362 



?4 

.875 

.065 

.641 

.045 

.455 



1 

1.125 

.065 

.830, 

.050 

.655 



1?4 

1 . 375 ; 

; .065 

1.04 1 

.055 

.8841 



IH 

1.625' 

' .072 

1.36 1 

1 .060 

1.14 1 



2 

2.125 

.0^ 

2.06 

.070 

1.75 



2H 

2.625 

, .005 

2.03 

.080 

2.48 

0.65 

2.03 

3 

3.125 

.100 

4.00 1 

.000 

3.33 1 

.072 

2.68 


3.625 

.120 

5.12 

.100 

4.20 

.083 

3.58 

4 

4.125 

, .134 

1 6.51 

.110 

5.38 

.005 

1 4.66 

5 

5.125 

.160 

1 0.07 

.125 

7.61 

.100 

, 6.66 

6 

6.125 

.102 

|13.0 

.140 

10.2 

.122 

8.02 

1 
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The American Brass Company 

General Offices: Waterbury 88, Conn. 

District Offices in Principal Cities 

AN^imoA 

ftem fim to certauiMr 


IN CANADA: Anaconda American Braar Limited, New Toronto, Ontario 


PRODUCTS— Anaconda Deoxidized Copper Tubes and Fittings; Anaconda 
**85*’ Red Brass Pipe; Everdur Metal for storage heaters, storage 
tanks, ducts and air conditioning equipment 


ANACONDA COPPER TUBES AND 
FITTINGS 

For Heating, Plumbing and 
Air Conditioning 

Anaconda Deoxi(liz(;(l Copper Water 
Tubes asscimhled with Anaconda P^ittings 
offer an unusual combination of advan- 
tages in hot water heating systems at a 
cost only slightly higher than black iron 
and approximately the same as wrought 
iron pipe. Tlnise advantages may briefly 
be summarized as follows : 


Low Friction Loss — Because the inside 
surfaces of copper tubes are inherently 
smoother than those of pipe and tubes 
made of ferrous materials and also be- 
cause thej^ do not become roughened by 
the formation of rust, these tubes offer 
a lower resistance to flow. In addition, 
the long radius turns of Anaconda Klbows 
and the smooth inside surface of Ana- 
conda Wrought Copper P'ittings further 
reduce friction losses. 

These factors naturally increase the 
efficiency of the system, particularly 
w'hen it includes a forced pressure 
circulator. 

Ease of Installation — In many places 
the flexibility of copper tubes simplifies 
connections that ordinarily would be 
awkward and expensive to make with 
rigid pipe and threaded flttings. Ana- 


conda Solder P'ittings are compact. 
They can be installed in restricted space 
where the use of a wrench would be im- 
possible. 

Architects and builders naturally ob- 
ject to large holes and notches cut in the 
framing members of a building for the 

P assage of piping. Anaconda Copper 
'ubes can be installed with a minimum 
of cutting in the structure — although 
holes should be large enough to permit 
movement of tubes due to expansion and 
contraction. 


Temper and Thicknesses— Anaconda 
Copper Tubes are made in both hard and 
soft temper and in standard wall thick- 
nesses. 


They meet the requirements for these 
tvpes of tubes in Federal Specification 
WW-T-799a and A.R.T.M. Specification 
B88. Type K, the heaviest, is recom- 
mended for heating lines and general 
piping. 

Accuracy of Dimensions — Anaconda 
Deoxidized Copper Water Tubes are all 
finished to the close size tolerances re- 
quired by the AS.T.M. and Federal 
Specifications, which have been found 
essential for efficient assembly with 
solder fittings. 


Anaconda Copper Tubes, in standard 
sizes are furnished soft in 60-ft coils; also 
hard and soft in 20-ft straight lengths. 
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The American Brass Company 


REFRIGERATION TUBING 

Anaconda Dehydrated Copper Refrig> 
oration Tubes arc manufactured in accor- 
dance with A.S.T.M. Specification B68, 
in all standard sizes up to and including 
% in. O.D., in 50-foot coils. Other 
lengths are made to special order. These 
tubes are manufactured under excep- 
tionally clean mill conditions and close 
technical control to assure clean, smooth 
inside surfaces, unusual accuracy in size 
and shape, and uniform softness. The 
tubes are cup-sealed immediately after 
annealing and dehydrating. 

ANACONDA “85” RED BRASS PIPE 

Anaconda “85” Red Brass Pipe, in 
standard pipe sizes, is considered the 
highest quality corrosion-resistant pipe 
commercially obtainable at a moderate 
price and is recommended for steam re- 
turn lines. 

Anaconda “85” Red Brass Pipe con- 
tains 85 per cent copper and conforms to 
(lovernment specifications for Grade“A” 
water pipe. The mark “Anaconda 85” 
is stamped in the metal at one-foot 
intervals throughout each length. 

EVERDUR* 

Kverdur Metal is the original copper- 
silicon alloy group. It is manufactured 
by The American Brass Company in five 
standard compositions and in practically 
all commercial forms 

This high strength engineering metal is 
resistant to a wide range of corroding 
agents. Because of a versatile combina- 
tion of useful properties, P>erdur has 
become standard as a mater al for equip- 
ment in many fields of engineering and 
industry. 

In addition to their non-rusting prop- 
erties and high strength, Everdur alloys 
possess many qualities not usually 
h)und in metals of this character. They 
are unusually resistant to general atmo- 
spheric conditions and other normally 
corrosive factors. P^verdur alloys have 
excellent machining and working charac- 
teristics and can be fabricated into a 
variety of forms and shapes. P^verdur 
alloys are available for oxy-acetylene or 
carbon arc welding. 


CORROSION RESISTANCE 

The corrosion resistance of Iilverdur is 
equivalent to that of pure copper and in 
some cases, slightly superior. 

However, like copper and all copper 
alloys, Everdur is not equally resistant to 
all corroding agents, nor to the same cor- 
roding agents under all conditions. As 
with copper, the resistance to corrosion 
may be substantially reduced in some 
instances by the presence of oxidizing 
agents. Nevertheless, Everdur does 
offer excellent resistance to the corrosive 
action of many solutions and atmo- 
spheres. 

Everdur Tanks — Everdur copper -sili- 
con alloy is an ideal material for durable, 
rustless water tanks of every descrip- 
tion — from domestic range boilers to 
large storage heaters for hotels, laun- 
dries, hospitals, textile plants, schools or 
breweries. 

Everdur is made in all commercial 
shapes including annealed tank plates 
which have physical properties as 
given in A,S.T,M, Specification B96. 

Minimum specification requirements 
for hot rolled -and -annealed tank plates 
are: Tensile Strength, 50,000 psi.; Yield 
Strength (at 0.5 per cent elongation 
under load) 18,000 psi.; Elongation, 40 
per cent in 2 inches. 

Welds made with annealed Everdur 
tank plates meet the requirements for 
U68 and U69 construction in the 
A,S.M.E. Code for Unfired Pressure 
Vessels. 

For additional data and names of fabri- 
cators address our nearest office or agency. 

EVERDUR FOR AIR CONDITIONING 
EQUIPMENT 

Because of its strength and welding 
properties, Everdur may be substituted 
for steel and fabricated by substantially 
the same methods and with much the 
same equipment as steel. 

Everdur metal has been used with 
marked success for fans and blowers, 
ducts, humidifiers, cast and wrought 
parts of other equipment items subject to 
corrosive influences. 


EVERDUR LITERATURE 


* ^'Everdur** is a trademark of The American 

Brass Company registered at the U. S. Patent 
Office. 


Descriptive literature containing much 
pertinent tabular data will be sent on 
request. 
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Mueller Brass Co. 

Port Huron, Mich. 

Branch Offices and Representatives in Principal Cities 


Albany, N. Y. 
Atlanta, Ga. 
Boston, Mash. 
Chicago, III. 
C-incinnati, Ohio 


Clev BLAND, Ohio 
St. Louis, Mo. 
Dallas, Tknas 
Detroit Mich. 
Flint, Mich. 


Harrisburg, Pa. 
Indianapolis, Ind. 
Los Angeles, Calif, 
Minneapolis, Minn. 
Newark, N. J. 


Canadian Sales and Manufacturer 


Philadelphia, Pa. 

N. S. Pittsburgh, Pa. 
San Francisco, Calif. 
Tacoma, Wash. 
Washington, D. C. 


MUKLLER Ltd., Sarnia, ('anada 


PRODUCTS- STREAMLINE Copper Pipe and Seamless Tubes; STREAMLINE 
Hard Copper Pipe and Solder Fittings; Valves, Flared and STREAMLINE Solder 
Fittings for Mechanical Refrigeration; Forgings of Brass, Bronze and Copper; Castings 
of Brass and Bronze; Rod; Screw Machine Products; Fabricated Parts and Special 
Nickel and Chromium Plated Parts ; Machined Formed Tubes. 



Streamline (Joppcr Pipe and Fittings for heating, ])luiid)ing, air (‘onditiuning and 
industrial use are made by the Streamline 1’ipe and Fittings Division, Mueller 
Brass Co., Port Huron, Mich. 

The Streamline Solder Fitting is the original solder type fitting, introduced and 
manufactured by the Mueller Brass Co. of I\)rt Huron, Mich. It incorporates many 
advantageous features and has proved to be the revolutionary advance of the age in 
the development of piping systems for plumbing and heating and for many industrial 
uses. 

The Streamline Solder Fitting is not connected either by threading or flaring, but 
by soldering. The outside surface of the copper pipe and the inner surface of th(» 
Streamline fitting arc cleaned with sandcloth, and solder flux is then applied to the 
cleaned surfaces to eliminate oxidation when the assembled joint is heated. The 
joint is then sufficiently heated with a blow or acetylene torch and the soldering 
operation is performed by feeding wire or stick solder through the feed hole in the 
fitting. 

The Streamline Cast Bronze Solder Fitting alone has the solder feed hole. When 
solder is introduced through the feed hole into the pre-heated joint, it is distributed 
evenly and thoroughly between the bonding surfaces, traveling inward to the joint 
and outward to the edge of the fitting, where it appears as a continuous solder ring 
around the full circumference of the pipe. This ring and feed hole, completely filled 
with solder, constitute positive, visible proof to the operator, that the joint is per- 
manently leak-proof. 

We also manufacture Wrought Copper Fittings in all popular demand sizes and a 
complete line of Compression Stops, Globe and Check Valves. Fittings are supplied 
with or without solder feed holes. 
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Streamline Pipe and Fittings Division 

MUELLER iRASS CO. 

Port Huron, Mich. 


Patents 1770852; 1776502 




90 Deg Elbow Tee 

Cupper to Imide I.P.S, 


Crosses 



The solder may b(‘ fed from any position, whether tiui fecnl hole is located at the top, 
side or bottom. OwinR to the never failing; phenomena of capillarity, the solder will 
flow up, down or laterally with equal facility. 

Streamline Chopper l*ipe is a seamless cold drawn copper tubing conforming to 
A .S.T.M. B88. It is made in sizes V| in. to 12 in. and Types K, L, and M, of which 
Type K is the heaviest. Tin* intermedite weight, Type L, is the pn^ferred weight for 
plumbing, heating and refrig(U’ation. Type Si is manufactured only in sizes 2} 2 in. 
and larger. 

For most purposes hard drawn j>ipe is used, though Types K and L can be furnish(Ml 
annealed when bending is required. Annealed Type “K” in sizes up to 2 in. is widely 
used for underground water “services.” 

Streamline Solder Fittings are furnislied in all sizes to 0 in. inclusive. They an; of 
the same thickness as Xavy and MSS Fittings for 125 steam or 175 lb non-shock water- 
pressure. 

All fit tings over 0 in. ai-e flanged and may be ha<l with either A.S.A. or riveted pipe 
standard flang(*s. 

Mat ing flanges ai-e soldei-ed to the pipe — A .S.A . 125standai‘d flanges ai-e available 
from 1 in. up. 

During the last fifteen years arcdiitccts and engineer's have used Streamline Copper 
Pipe and Fittings successfully in every type of building construction and in thousands 
of installations throughout the United States and Canada. 

In addition to its r'ust and vibr'ation-pr-oof qualities and long life. Streamline 
has many other advantages such as the reduction in size of pipe lines and radiator 
connections from those nominally used, a neat, compact installation requiring a mini- 
mum of space and important advantages in industrial and drainage applications. 
There is a Streamline product for every piping requirement. 

Write Mueller Brass Co., Port Huron, Michigan, for complete information and 
catalog. 
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Chicago Metal Hose Corporation 

Maywood, Illinois 

PLANTS 

MAYWOOD, ELGIN, and ROCK FALLS, ILLINOIS 

District OfHces 

Atlanta Boston Chicago Cleveland Detroit Ft. Worth 

Los Angeles New York Philadelphia Pittsburgh San Francisco 

Distributing Outlets in Principal Cities 
In Canada: Canadian Metal Hose Company. Ltd.. Brampton. Ontario 


REX Super Service 
Vibra-Sorbers 

Noise and Vibration Control 

Rex Vibra-Sorbers control vibration and 
reduce noise in refrigeration and air con- 
ditioning machinery. All-metal con- 
struction is liquid- and gas-tight, with- 
stands high pressures, does not age, and 
has high corrosion resistance. 

Available in copper bearing alloy for use 
with Freon or Methyl Chloride; or steel 
for Ammonia systems. 



SIZES: A in. to 4 in. inside diameters. 
BURST PRESSURES: 1,000 psi to 3,700 
psi. 

LENGTHS: Standard stock lengths. 
Special lengths available on order. 
COUPLINGS: Stock units with male or 
female sweat fittings; also available with 
male pipe thread fittings. 


REX-TUBE 
Flexible Metal Hose 
FOR 

Diesel engine exhaust lines 
Refrigeration tubing armor 
Air blower ducting 
Ventilating ducts 
Control wire casing 
Wiring conduit 
Suction hose 
General utility hose 

Rex-Tube Convoluted Flexible Metal 
Hose Types have three basic formation 
patterns: square-locked, ball-bearing (or 
double-groove), and fully interlocked. 
Made of stainless steel, brass, steel, 
aluminum, bronze and other alloys. 
Packless and packed types. Sizes range 
from A In. to 12 in. inside diameters, and 
lengths to suit requirements. 


REX-WELD 
Flexible Metal Hose 
FOR 

Steam Hose 

Reciprocating flexible connections 
Refrigerant loading, unloading 
and charging 
Oil burner connections 
Pressure lubricating lines 
Conducting searching gases and liquids 
Diesel engine exhaust lines 
Misalignment correction 

Rex- Weld hose types are manufactured 
from uniform wall tubing by a spe- 
cial CMII corrugation-forming process. 
Metals used are steel, bronze, and other 
alloys. Rex-Weld sizes range from A in. 
to 12 in. inside diameter; with lengths 
and couplings to fit specific requirements. 
Especially designed for use under high 
temperatures and pressures, and where 
corrosive action is present. 


FLEXIBLE METAL HOSE FOR EVERY USE 
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PACKUSS 

METAL PRODUCTS CORPORATION 
31 Winthrop Avenue, New Rochelle, New York 


PACKLESS VIBRATION ABSORBERS 
for the Air Conditioning and Refrigeration Industries 



Packless Vibration Absorbers are fur- 
nished with standard copper tube “sweat 
fittings’* thoroughl}^ welded on at both 
ends. Plain, straight end-extensions are 
provided to slip over any standard piping 
on air conditioning and refrigerating 
lines. 

Packless units, covered, with high-tensile 
bronze braid, afford an extra margin of 


safety in absorbing vibration and re- 
sultant noise. 

These units can be furnished in various 
sizes and lengths for any commercial, in- 
dustrial, or domestic refrigerating or air 
conditioning unit. Through years of ex- 
perience, Packless correlates the proper 
relationship between hose length and 
hose diameter to assure maximum effi- 
ciency. 


SPECIFICATIONS 


Female Copjicr TiibinR Ends To 
Solder Over Staiuliird Copper Water Tube 


Flexible 

Hose 

1 D. 

i.i). 

O.D. 

Wall 

A 

Length 

Water 
T\il>e Size 
(Nominal; 

Packless 

Part 

No. 

B 

Fexible 

Hose 

Length 

C 

Overall 
Length 
With Fe- 
male Ends 


.255 

.310 

.032 

r 


VAF-1 

O'' 

7* 

V 

.255 

.319 

032 

r 

r 

VAF-2 

6*' 

7r 

hr 

.?S() 

.444 

.032 

itr 

h 

4 

VAF-3 

7" 

81* 

r 

.505 

.603 

040 

iff 

4 

•i/r 

VAF4 

7t' 

9* 

V 

.030 

.728 

040 

i" 


VAF-5 

8'' 

93* 

V 

755 

.853 

040 

r 

p 

VAF-6 

8^ 

10* 

itt 

4 

. 

.853 

.040 

ir 


VAF-7 

0" 

111* 


.883 

1.010 

.065 

ir 


" "VAF 8 ■ 

9" 

lli* 

r 

1.130 

1.260 

065 

ir 


V.AF-0 

10* 

13* 

ir 

1.380 

1.510 

065 

ir 

“ir~" 

VAF-10 

iir 

143' 

ir 

1.630 

1.774 

.072 

2" 

fp 

VAF-H 

13* 

17' 

r 

2.130 

2.206 

.083 

2r 

2* 

VAF- 12 

15* 

20' 


2.630 

2.820 

.005 

3^ 

2J* 

VAF-n 

18* 

24' 

3** 

3.130 

3.348 

.100 

,3r 

r " 

VAF- 14 

1 20* 

27' 


♦ Si' I D. and larger — data given njwn recpioat. 


Packless can furnish proved and pre- 
tested Vibration Absorbers to fit most 
normal requirements. Special lequire- 
ments of diameter, length, or strength, 
involving either regular or specialized 


manufacturing procedure, can also be 
supplied on request. I'ackless Engineers 
are available to aid in solving difficult 
applications. 
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Air System Equipment 


AirFUten 
and Cleaners 


Air Devices, Inc. 

Air Diffusers • Exhausters • Air Filters 
Filter Holding Frames • Hot Water Generators 


17 East 42nd St. 
New York 17, N. Y. 


S giHaiU 

m\ 


Agents in All 
Principal Cities 



AGITAIR AIR FILTERS 

HIGH VELOCITY • ALL METAL 
PERMANENT • CLEANABLE 

Designed along entirely new air filtering principles, 
the high velocity Agitair Type FM permanent, clean - 
able air filter assures an amazingly high dust arresting 
efficiency and dust-holding capacity coupled with sus- 
tained low resistance to air flow. This permits the 
Type FM to remain in service from two to three tim(‘s 
as long as ordinary 2 in. permanent, cleanable filters. 

Although these new filters do not have to be pleaned 
as often, particular attention has been paid to their 
design to make cleaning easier and more thorough. 
They can be restored to top efficiency easily and 
(juickly. Ruggedly constructed to withstand the me- 
chanical abuse of cleaning. Panels and frames are 
accurately designed to prevent h^akage around the 
filters. 


HOW IT WORKS 

High turbulence* of many finely <livided 
air strt‘ams is the keynote of Typ(^ FM 
air filter’s new design. The media di- 
vides the air into countless fine streams 
and throws those streams into violent 
cyclonic turbulence. Pkch little ^Vy- 
clone” centrifuges its dirt particles 
against countless viscous-coated * ‘wiping 
surfaces” which virtually scrub the air 
clean by catching and holding the dirt. 
Th(*re is no straining action, hence no 
clogging. 

HIGH VELOCITY 

The Agitair FM Filter is designed to 
perform at highest efficiency at an ap- 
proach velocity of 432 fpm — or 12(X) cfm 
through a 20 x 20 in. filter panel. The 
efficiency of the FM is higher than con- 
ventional filt(;rs when operating at the 
lower design velocity of 288 fpm. 

1/3 LESS SPACE REQUIRED 

The ability of the FM to filter, wdth 
greater efficiency, 50 per cent more air at 
the high velocity of 432 fpm reduces the 
number of filter panels required. Now 
TWO FM’s will do the work of THREE 
ordinary filters ... 3^ less space required 
. . . fewer units to be installed . . . fewer 
units to bo serviced . . . overall installa- 
tion and maintenance costs reduced to a 
minimum. 

HIGHER EFFICIENCY 

At the recommended velocities of other 
leading all metal viscous type filters, the 
Agitair FM has a higher/dust arresting 
efficiency, which increases as velocities 
arc stepped up. 


LOWER RESISTANCE 

The sustained low nisistanco of the 
Agitair h'M means sustained peak volunn* 
of air for longer periods of time ... no 
loss in air volume . . . no dang(*r of un- 
loading . . . clean filtered air at all times. 
HIGHER DUST HOLDING CAPACITY 
Employing a new formula for air filtra- 
tion the new Agitair FM holds more dirt , 
from two tosix f im(5s as much as ordinary 
2 in. permanent, cleanable filters. No 
«*arly clogging of air |)assages . . . less 
frequent servicing . . . lower mainte 
nance cost. 

LONGER SERVICEABLE LIFE 

The Agitair FM Filter with its greater 
dust holding capacity, stays in s(*rvice for 
longer periods of time; gives efficient p(*r- 
formance for months instead of w(H*ks or 
weeks instead of days. 

Less frequent servicing — and rugged 
construction combine to give the Agitair 
FM J'ilter a much longer servi(;eable life. 
TWO TYPES OF HOLDING FRAMES 
Individual type: Designed and con- 
structed for easy handling in single unit 
installations, and to facilitate ‘‘on llie 
job” assembly, into a multiple unit bank. 

Pre-Fabricated Type: Delivered com- 
pletely knocked down for easy assembly, 
this Agitair holding frame has been espe- 
cially designed for installations requiring 
an unusually large number of filter panels 
and where cramped and unusual condi- 
tions place a limitation on available space . 

GREASE FILTERS 
An efficient, all-metal gret^e catching, 
grease holding media. Available in all 
sizes. 
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Air Filter Corporation 

108G North Water St. Milwaukee 2, Wis. 

Canadian*RGpreBentative « 

DOUGLAS ENGINEERING CO., Ltd. Montreal 


(formerly Aircor) 

AIR FILTERS GREASE FILTERS 

Permanent-Cleanable 



ENGINEERING DATA 

Initial Resistance Ritttd EMciency 

Type Ki (1 in. tliivkj .OGO in. w.g ut 288 fpiii 98.5% 

Tyiie Fa (2 in. thiekj .065 in. w.g at 288 fpm 98.5% 

'J'yi^ Da (2 in. thick) .09 in. w.g. ut 288 fpni 98.5% 

TyiK* Dj (4 in. thick) .10 in. w.g. at 288 fpni 98.5% 


AIRSAN HOLDING FRAMES 

Matlo of h(*avy Kaugt* incial complete 
with fin'proof felt seal and locking 
device. Available in straight and V- 
banks. I’re-fabricated with Airsan slip- 
groove construction — eliminates felt be- 
tween filter frames and cuts installation 
costs. Built to your specifications. 
Bulletin 601. 


AIRSAN AIR FILTERS 
Industrial Domestic Commercial 

Airsan’s expanded metal face plate acts 
as a lint arrestor to provide easier clean- 
ing and servicing. It distributes air 
evenly over entire filtering area provid- 
ing high filtering efficiency and dust- 
holding capacity with low resistance. 
Media is viscous type, permanent, clean- 
able, and is constructed of multiple 

layers of galvanized wire mesh to give 
maximum air resistance. All Airsan 

Filters have full bronze welded corners, 
galvanized steel frames and drain slots 
for quicker, easier cleaning. 

Airsan Air Filters are available in stand- 
ard 1 in. and 2 in. thickness — Bulletin 
1245A. Also HEAVY DUTY filters for 
industrial and special applications in 

2 in. to 4 in. thickness — Bulletin 146. 

AIRSAN GREASE FILTER 

Permanent 
c 1 e a n a b 1 e 
typci Airsan 
Grease Fil- 
ters s p e- 
cially de- 
signed for 
range cano- 
pies, gal- 
leys, kitch- 
ens. 

Removes 
grease at 
source, re- 
duces fire hazard in exhaust ducts and 
prolongs life of fans, motors and other 
mechanical equipment. Assemblies for 
mounting on ceiling or wall, single or mul- 
tiple units - includes holding frames, sup- 
porting angles and end seals . Bulletin 346. 

Initial Resistance: .07 in. w.g. at 216 fpm 
Efficiency Rating: 98.5% Stand. 
Thickness: 2 in. 



Write AIR FILTER Corp. for Complete Bulletins 
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Al HHM AZ E 

Corporation 

5200 Harvard Ave., Cleveland, Ohio 
THE FILTER ENGINEERS 

R^resentatives in all principal cities 


All Metal Washable Impingement Fil- 
ters — Air-Maze viscous impingement 
washable type air filters constructed of 
alternate layers of crimped galvanized 
screen cloth of various mesh enclosed in 
rugged all metal frames are the engi- 
neered result of over 20 years experience 
in air filter design. The viscous impinge- 
ment filtration principle involves the 
break-up of the air stream into minute 
swirling currents by filter media and the 
resulting impingement of entrained dirt 
particles on wire baffles previously 
coated with adhesive. 

■ The viscous im- 
pi^ement principle is 
scientifically used by 
Air -Maze in a filter 
media of progre^ssive 
density design shown 
at left which permits 
lint and large parti- 
cles to be collected on 
upstream section of the filter while pro- 
gressively smaller particles are collected 
in interior of media resulting in better 
performance and greater periods between 
servicing. 

The Impingement 
principle is also used 
by Air-Maze in media 
design shown at right 
where layers of screen 
cloth are crimped and 
placed to obtain maxi- 
mum performance 
with minimum resist- 
ance to air flow thus allowing greater air 
volume to be passed through filter. 

T3rpes available — Air-Maze design has 
provided many types of filter panels for 
various ventilating applications. Each 
type is suited best for its application, 
however, correct selection involves a 
compromise between ideal and practical 
considerations. The various types and 
their applications arc shown on page at 
right. 


Efficiency — Efficiency of dirt arrest- 
ance of various filter panels varies with 
filter design, type of dust, amount of 
dust, method of charging filter with ad- 
hesive, etc. Specific information on any 
type of filter furnished on request. 


Resistances— Filters available with ini- 
tial resistances as low as .045 in. water at 
face velocity of 300 fpm. Resistance 
versus velocity curves available on re- 
quest. 


Face Velocities — Air-Maze offers filters 
designcid to operate at peak efficiency at 
velocities ranging from 100 fpm to 700 
fpm. Recommended velocities for each 
type of filter furnished on request. 


Sizes — Filter panels furnished in ac- 
cepted standard sizes and in special rec- 
tangular sizes if required. Thickness 
varies with filter type. Most types 
furnished in both 2 in. and 4 in. thick- 
nesses but available in certain special 
thicknesses if required. 


Holding Frames — Holding Frames, 
complete with neoprene seals and choice 
of locking devices, available for use 
either singly or drilled for assembly into 
panel bank. 


Cleaning and recharging filters easily 
cleaned by washing in hot water con- 
taining commercial grease solvent or 
with steam. Recharged by immersing 
in special adhesive or SAE 30-50 oil. 
Complete instructions available on re- 
quest. 


Write facto^ for name of nearest repre- 
sentative on information on any type of 
filter. Representatives are in most 
principal cities. See classified section of 
your telephone directory. 
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CORPORATION 



Filter for average duty 
residential and commer- 
cial ventilating applica- 
tions. Available in 1 in., 
2 in., and 4 in. thick- 
nesses. 


High velocity panel for 
handling a large volume 
of air at low resistance. 
Clood in commercial in- 
stallations where space is 
limited. Available in 2 
in. thicknesses only. 


Heavy duty industrial 
filter for ventilating serv- 
ice where dust load is ex- 
ceptionally high. Incor- 
porates fcoth high effi- 
ciency and high dirt hold- 
ing capacity features. 
Available in 2 in . and 4 in . 
thicknesses. 



TYPE P-5.R 


High velocity panel 
similar to type P-5 but 
of heavier constuction 
necessary for railroad ap- 
plications. Available in 
2 in. thicknesses only. 



TYPE ‘ B" 

Average duty indus- 
trial filter for fresh air 
intakes. Has large dirt 
holding capacity and 
high efficiency. Avail- 
able in 2 in. and 4 in. 
thicknesses. 



GREASTOP 

Filter designed to pre- 
vent grease nuisance and 
fire hazard in commercial 
kitchen ventilating sys- 
tems. Conforms to speci- 
fications recommended 
and approved by Na- 
tional Board of Fire 
Underwriters. Available 
in 2 in. thicknesses only. 


Air-Maze Corporation manufacture a com- 
plete line of viscous impingement type 
ventilating air filters to meet your require- 
ments within a wide range of limits of 


pressure drop, velocity, efficiency, weight, 
dirt holding capacity and price. A few 
types are illustrated on this page. THESE 
FILTERS ARE ALL-METAL, WASH- 
ABLE, FIRE RETARDENT. 
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AMERIPAN AlR jtLTE Ri^OMPANY iNC. 


673 Central Avenue, Louisville, 8 Ky. 

In Canada: Darling Brothers, Ltd., Montreal, Quebec 


AAT 

/ 


PRODUCTS : The American Air Filter 
Company, Inc. manufactures a complete 
line of Air Filtering Equipment including 
Electronic Air Filters, Automatic Self- 
Cleaning Filters, Viscous Unit Filters, 
and Dry Process Filters to be used for the 
removal of dust, soot, smoke, dirt, bac- 
teria and other foreign matter from 
the air. 

Because air filtration has proved to be 
the economical, practical and efficient 
method of cleaning the air, the modern 
air filter is now considered an absolute 
necessity in building ventilation or air 
conditioning, in the maintenance of 
health and personal efficiency, protection 
of interiors and furnishings and valuable 


merchandise and equipment. Shown 
here are but a few American Air Filter 
products in most general use. 

The American Air Filter Company is 
recognized as an authority on dust prob- 
lems and their satisfactory solution. 
Products offered embody the knowledge 
accumulated from twenty -six years of 
intensive research devoted exclusively to 
the study of dust problems and the de- 
velopment of air cleaning apparatus; the 
experience gained from designing, build- 
ing and applying thousands of air filters; 
are backed by ample technical and 
financial resources; and may be relied 
upon as the most modern equipment in 
their field of service. 


THREE TYPES OF ELECTRONIC AIR FILTERS 


For more than ten years, research and 
experimentation with electronic air fil- 
tration have been in progress by AAF en- 
gineers. Today’s complete line includes 
the self cleaning p]lectro-Matic intro- 
duced in 1939, the washable Electro-Cell 
with removable collector plates, and the 
Electro -Airmat with the replaceable Air- 


mat paper medium. Here for the first 
time is high efficiency air cleaning in 
three types of electronic filters to meet 
any requirements for super clean air. 

Electro-Matic Self-Cleaning Electronic 
Filter — The Electro-Matic filter is a self 
cleaning electric precipitator combining 
the most advanced principles of elec- 
tronic air cleaning with 
notable improvements in 
const nucti on details and 
method of operation. The 
self-cleaning feature is an 
exclusive advantage of the 
p]lectro-Matic filter. It 
eliminates the necessity of 
shutting down the filter for 
manual cleaning, mini- 
mizes the need for personal 
attention and permits con- 
tinuous high-efficiency on- 
eration. It also allows the 
Electro-Matic filter to be 
built in standardized self- 
contained sections, easy to 
install and with all ex- 
posed parts of the filter 
casing electrically ground- 
ed for the protection of op- 
erating personnel. Send 
for Biuletin No. 250. 
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Electro - Cell Electronic 
Filter— Incorporates all of 
the new developments of 
major importance in elec- 
tronic air filtration using 
collector plates. Installa- 
tion has been simplified, 
performance improved and 
maintenance advantages 
provided. Built in vertical 
sections of two widths— 2 ft 
and 3 ft over-all. Collector 
plate assemblies are remov- 
able; ionizers are hinged and 
extend the full height of the 
sections, preventing current 
loss. A choice of washing 
collector plate assemblies 
while in place, or removing 
assemblies for individual 
cleaning. Installation is 
simplified because filter is 
built in vertical sections ra- 
ther than assembled of small 
units. Parts to be lifted 
and aligned are light in 
weight and electrical con- 
nections simplified. Write 
for Bulletin No. 252. 

Electro-Airmat Elec- 
tronic Filter— The applica- 
tion of an electrostatic 
charge to a dielectric filter- 
ing material is an exclusive 
.\AF research development 
which began early in 1034. 
Airmat paper is composed of 
a number of plies of porous 
tissue-like cellulose sheets. 
When electrically charged 
the plies tend to separate 
and each individual fibre be- 
comes a collecting electrode 
which attracts and holds the 
dust and smoke particles. 
Ease and convenience of 
maintenance is a desired 
advantage of the Klectro- 
.Airmat. Requires neither 
water nor sewer connections 
for cleaning, nor spraying 
with oil to maintain its 
efficiency. When Airmat 



Throway Air Filter 



Electro-CELL Filter 



Electro- AIHM AT Filter 



American Multi- DiUy 
Self Clmning Filter 



Airmat Type PL-H FUler 
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paper has accumulated its 
dust load it is removed and 
replaced with clean material 
by means of a mechanical 
leader. In case of power 
failure, filter media provides 
best mechanical air nitration 
known. Send for Bulletin 
No. 253. 

American Multi-Duty 
Automatic Filter provides 
outstanding features of per- 
formance and design and 
will accomodate either 
armored screen panels or die 
stamped louver panels avail- 
able in three types. Offers 
advantage of uniformly con- 
stant air supply, fixed opera- 
ting resistance and auto- 
matic operation. Ideal for 
ventilation and air condi- 
tioning service. Available 
in any size or capacity. 
Send for Bulletin No. 241 -A. 

AAF UNIT FILTERS 

Throway Air Filter— 
Throway filters are inexpen- 
sive and designed to be dis- 
carded after accumulating 
dust load. Send for Bulle- 
tin No. 117-E. 

Airmat Type PL-24— 
Airmat filters use standard 
Airmat medium, renewable 
after collecting dust load. 
Used both for comfort and 
industrial air conditioning. 
Available with unit frames 
to be set up to meet any 
capacity requirement or 
space condition. Send for 
Bulletin No. 230-C. 

M/W Filters— The M/W 
comes in 2 in. and 4 in . thick- 
nesses. Ideally suited to air 
cleaning problems encount- 
ered in general ventilation 
and commercial air condi- 
tioning. Permanent type, 
washable. Send for Bulle- 
tin No. 202. 



M/WiFiUer 




Air Filttft 
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W. B. CONNOR ENGINEERING CORP. 


114 East 32nd Street, 
New York 16, N. Y. 



Representatives in 
All Principal Cities 


In Canada: Douglas Engineering Co., Ltd., Montreal, P. Q. 


Air Recovery 


DO REX 


Air Purification 



Fig, 1 Dorex Canister 


WHERE TO APPLY AIR RECOVERY 

Air Recovery is simply the conversion of foul or stale air to fresh air. It has been 
used to advantage wherever air is conditioned to enhance comfort, raise production 
efficiency, extend food preservation or protect product quality. Depending on the 
source of contamination, Dorex Air Recovery Equipment has been installed to remove 

odors and other gaseous impurities from intake 
air, from recirculated air or from exhaust air. 

When applied to recirculated air, Dorex Adsorbers 
reduce the amount of unconditioned outdoor air 
needed for ventilation and effect savings in in- 
stallation and operating costs. For example: 
Given an air conditioning requirement of an area 
of 20,000 cfm, of which it is assumed 14,000 cfm 
would be recirculated and 6,000 would be outdoor 
ventilation before installation of Air Recovery 
Equipment, it may be possible to cut the amount 
of unconditioned outdoor air intake to 2,000 cfm 
by converting 4,000 cfm of used, already condi- 
tioned recirculated air to fresh air. Figured for 
average temperate zones, this 33H per cent load 
reduction would lower the installation and operat- 
ing cost substantially because each 1,000 cfm of 
heated or cooled air that is converted saves: (1) 
100,000 Btu of installed heating capacity, (2) 2.6 
tons of installed refrigeration, (3) 1,800 kw hours 
of current per cooling season, (4) 1,500 gallons of 
fuel oil or 9 tons of coal, and (5) incidental water 
consumption and maintenance. 

In existing systems, the application of Dorex Air 
Recovery Equipment will enable the system to 
serve a larger space or satisfy a greater condition- 
ing load without increasing cooling or heating 
equipment and without consuming more fuel or 
power. 

Activated Carbon Traps Gases and Odors 

Activated carbon removes gases and odors by ad- 
sorption — a natural phenomenon which takes place 
when air-borne gases or vapors come in contact 
with it. An instantaneous condensation occurs 
and the condensed impurities are held tenaciously 
until the carbon is forced to give them up in reac- 
tivation. For air conditioning purposes, however, 
the carbon must be esp 
and 

tions: (i; iligh activity (adsorptive capa 
a wide range of gases and vapors; (2) High re- 
tentivity over an entire range of normal operating 
conditions; (3) No retentivity for water vapor; (4) 
Extreme hardness to avoid dusting in handling and 
in service; (5) High apparent density (in the granu- 

ig, t Typical Canister Arrangemenlside view 
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tr. B. Connor Engineering Corp. 


^ ^ FUterg 

Air System Equipment • 


lar form) of not less than 0.45; 
(6) Adaptability to repeated re- 
activation without appreciable 
loss in activity or rctentivity. 
In actual use, Dorex activated 
carbon has removed and re- 
tained 95 per cent of all gaseous 
impurities from the air passed 
through it and maintained that 
(‘fficiency from six months to 
two yciars, depending on the 
air contamination. 

Equipment to Suit 
Individual Requirements 

])orex Air Recovery Equipment 
is available in a range of types 
and sizes to suit individual re- 
quirements. Each type is de- 
signed to hold the correct 
amount of activated carbon in 
a manner to provide a maximum 
area for decontamination, a 
minimum of air resistance and 
uniform air flow through the 
carbon. The average resis- 
tance to air flow ranges only 
from 0.15 to 0.2 in. wg. 

TYPE H - Adaptable to Most 
Central Systems for Recovering 
the Freshness of Intake Air 
and Recirculated Air and for 
Eliminating Exhaust Nuisances 

Type II Equipment — for com- 
plete decontamination of all 
air passed through it -con- 
sists of removable, perforated, 
carbon-filled canisters which 
are mounted in multiple on 
one or more supporting mani- 
fold plates. Fig. 1 shows a 
canister and its function; Fig. 2 
shows a typical arrangement of 
canisters as installed. The 
flexibility of this arrangement 
makes Type H Equipment read- 
ily adaptable to a wide variety 
of space limitations. 




TYPE C— Equipment for Recovering the Freshness of Recirculated Air. 

Dorex Type C Air Recover}^ Cells were developed to meet a need for a large capacity, 
easily handled and installed air j)urification unit. Each cell measures only 24 in. x 
24 in. X 7 in. deep and completely purifies 1,(KK) cfm. They require no more engineer- 
ing than that required for ordinary dust filters and can be mounted right along with 
them in either flat or arrangement. 


TYPE G— for ‘‘Package” Conditioners, Unit Heaters, Refrigerated Spaces, Airplane, 
Bus, Railway Car, and Marine Installations and Other Systems Where Space Is 
at a Premium. 

These compact panels consist of sturdy m(‘tal frames, each housing a battery of 
exposed perforated metal tubes which contain the activated carbon. Standard 
units of one, two or three tube rows in depth are available in a range of stock sizes 
for arrangement in air ducts. 
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Fig. 6 Dorex Type D Storage I 'nit 


TYPE D— For Extending Storage Life and Preserving Produce Quality in Refrigerated 
Storage 

Type p units are designed to remove ripening gases, disease-eaiising gases and 
flavor-impairing odors from the air in cold storages, thus extending storage life and 
generally preserving produce quality. Jn apple storages, for instance, they havt* 
added 3 to 8 weeks to the keeping time of the fruit. In order to control storage 
atmosphere adequately and economically. Type* D equipment was engineenul to tin* 
following specifications: (1) Constant purification and recirculation of all storeroom 
air, (2) Thorough mixing of purified air with storage room air, (3) Continuous opera- 
tion independent of other equipment in the storage space, (4) Flexibility in location, 
and (5) Self-contained unitary design to eliminate^ costly duct work or alt(Tation. 


Dorex units are portable and can be floor mounted 
or hung from walls or ceilings. The directional 
air jet creates an individual pattern for air mixing 
and distribution and avoids undue air impact on 
stored produce or fixtures. With the straightening 
vanes, the amount of ‘‘throw” can be adjusted up 
to a tight jet that reaches 90 feet away from the 
unit. The large quantity of air thus handled 
and the high aspiration it creates (five to six timers 
the volume of supply air) results in a very efficient 
mixing of room and supply air. Dorex Storage 
Units are built in sizes and capacities to fit any 
storage space. All parts are eith<;r <»f non-corro- 
sive metal or protected with corrosion-resistant 
coating. 



TYPE PL— For Purifying Compressed Air 

The Type PL Dorex Vapor and Cas Adsorber is 
designed specially to extract oil vapors, fermenta- 
tion odors and other gaseous impurities from 
compressed air. It is especially designed to ef- 
fectively remove air-entrained gaseous odors and 
impurities not eliminated by commercial filters, 
a ‘parators, after-coolers or receivers. 

TYPE A-IOO-B for Homes, Offices, etc. 

Type A-IOO-B is a self-contained recirculating 
unit. Attractively designed in enameled wood, it 
contains a dust filter, four carbon gas adsorbing 
canisters, circulating fan and motor. 



All Dorex muxptMfU ie covered by U. 8. Patents Nos. 2,914J!i7; 2,801.131; 2,.mr832; 2,803,333; 2,80.3,831 and 
others pending; Canadian Patents Non. .888,988; 429,200; 895,811; 404,8.85; 410,088; 418,787; 443,2.35. 
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Nation-wide Sales and Engineering Service 

The W. B. Connor PJnginocring Corporation maintains a research laboratory, a staff 
of trained specialists, and district representatives in leading cities. Their services 
arc at the disposal of consulting engineers, architects, afr conditioning dealers, and 
plant engineers. Our staff can assist you in determining whether or not it would be ^ 
to your advantage to install Dorex in a system you may be designing or improving. 


Among Thousands of DOREX Users 


American Tel. & Tel. ('o. 
Anheuser-Busch, Inc. 
Boeing Aircraft Co. 

Bristol Myers (Jo. 

K. l.duPont dc Nemours 
& (Jo., Inc. 

FREE LITERATURE 

Shows How to Save Money 
on Air Conditioning 


(leneral Motors (Jorp. 
llaminermill Paper Co. 
L(*ver Bros. 

Monsanto (Jheniical (Jo. 
Pennsylvania U. U. (Jo. 



Bulletin lOSA 


Radio (Jorp. of America 
10. R. Souibb Sons 
Union (Jarbidc & (Jarboii 
(Jorp. 

Westiirn Electric Mfg. Corp. 
Western Union Telegraph ("o. 



Bulletin J06A 



Bulletin 105A on Type H Equipment and Bulletin 106A 
on Type C Equipment are handbooks containing all the 
detailed drawings, charts and text necessary for the 
sehjction and application of Air Recovery Equipment 
and some typical applications. They also cover per- 
tinent information on ventilation, oxygen requirements 
and recommended fresh air volumes for offices, stores, 
apartments, hotels, restaurants, night clubs, theaters, 
hospitals, and schools. 

Bulletin 117 contains complete information on Dorex 
Type C Air Recovery Cells. 




Air Conservation Engineering 


Air Recovery and Odor Control in Air Conditioning 
Systems is an unbiased research report prepared for the 
American Hotel Association by the York Research 
C’orporation of Connecticut on their investigation into 
the effect of Air Recovery on air quality and condition- 
ing costs. 

New and Complete Textbook 
for Only $3 

CJompletely revised and brought up to date, the new 
(Mlition of Air Conservation Engineering goes thoroughly 
into the economics, functions and mechanics of Air Re- 
covery. It can help you figure requirements to a wide 
variety of uses, (/ontains technical data needed in de- 
signing must applications, including valuable air con- 
ditioning tables and charts. Cites actual cases and 
describes the advantages to Design Engineers, Architects, 
Plant Engineers and C-ontractors. 

Eor your copies of the FRliE literature outlined above 
or the textbook, Air (Conservation Engineering, at $3, 
pleiise send your request to our Engineering Dept, 
at 112A PJast 32nd Street, New York 16, N. Y. 


(See pages JIUO and Ili)7 for data on KNO-DRAFT AdjusttMe Air Diffusers.) 
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Continental Air Filters, Inc. 


2524 Helm Street Louisville, Kentucky 



THE CONTINENTAL AUTOMATIC SELF-CLEANING AIR FILTER 

— now being used by many nationally-known companies {names on request) — has 
three entirely unique features: Revolutionary new filter media, Fcrris-Wheel action, 
and positive, eflFective self cleaning. 

THE FILTER MEDIA 

The filter media consists of double-corrugated strips of 
aluminum or other metal, })laccd in non-nesting relation- 
ship to form a hone^^comb structure. The main air stream 
is divided positively into approximately 2300 small air 
streams per square foot of filter surface. An extremely high 
efficiency in dust removal is obtained due to the many 
changes in direction and the turbulence caused by air 
streams crossing each other while traveling in different 
directions. The resistance to air flow, however, is lower 
than in comparable air filters. 

FERRIS-WHEEL ACTION 

The filter cells, suspended from chains, move in Ferris- 
Whcel fashion without changing their relative positions. The 
air enters and leaves the same side of each filter cell, regard- 
less of whether it is in the front or back section of ||| 
the filter curtain. Thus dirt cannot he blown off 
the dirty side of a cell, back into the clean-air stream. 

POSITIVE SELF CLEANING 

After the individual filter cells have traveled down into 
the viscous liquid in the tank, a cam action causes each 
cell to be held in a horizontal position for approximately 30 
minutes. The dirty cell is fully submerged at this point, 
and the 30-minutc submergence breaks the surface tension 
of the liquid which binds the accumulated dust to the filter 
media. Then, when the cell is rel(;ased, it quickly drops to 
a vertical position, and this movement through the liquid 
w^ashes the dust particles out of the cell. 

Cleaning Efficiency: 91.3 per cent, determined in test by 
Professor F. B. Rowley, University of Minnesota, 
under A.S.H.V.E. Standard Code for Testing 
and Rating Air Cleaning Devices used in General 
Ventilation Work. 

Resistance: 

85% Rated Capacity — 0.17^ 

95% Rated Capacity — 0.20^ 

1(X)% Rated Capacity — 0.22^ 

105% Rated (Capacity — 0.23^^ 

115% Rated Capacity — 0.26'^ 

Write for Bulletin No. 201 -B, and Suggested Specifications 
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Farr Company 

Manufacturing Engineers 
Los Angeles • CaMomia 

FAR-AIR FILTERS* FOR ALL TYPES OF INDUSTRIAL USE 



FAR-AIR STANDARD PANEL FILTER 

For Ventilation • Groaso • Paint 


s 
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FAR-AIU FILTERS 
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.19" 
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.20" 

1250 
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1600 
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Uased on the recommended net face 
velocity of 519 fpm, Far -Air Filters de- 
liver 50 per cent more air with the same 
blower power. This effects a saving in 
both initial costs and maintenance costs 
as only % the filter area m*(»d Ix! installed 
and maintained. 



Farr (Company has originated a simple 
procedure for testing air filtc»rs in place to 
determine the comparative efficiency. 
Write for information regarding this test. 

A complete testing laboratorv is main- 
tained for all types of research work in 
the field of air cleaning. 

*Trad6 Mark registered. 

1 



HERRINGBONE-CRIMP DESIGN 

Far-Ab’ Filters arc permanent, all 
metal IIerringbone-(/rimp, zinc electro- 
plated steel wirci screen construction. 
The alternate' layers of fiat and Ilerring- 
bone-C’rimp fine wire screen results in 
Low Pressure Drop (0.12 in. W.G. clean 
at 519 fpm), Greater Air Delivery (12XX) 
cfm at 519 fpm through 20 x 20 x 2 in. 
unit -permitting equal filter and coil area 
and eliminating most V-bank installa- 
tions), Higher Efficiency (improved per- 
formance up to velocities as high as 750 
fpm), Larger Dirt Holding Capacity 
(from 30 per cent, to over 125 per cent 
more filtering media per unit), and Frasier 
(^leaning (cold water hosing cleans thor- 
ough! Far- Air Filters can be cleanod- 
in-place . . . they do not have to be 
removed from their holding frames). 


PROGRESSIVE LOADING 

As entering orifices of Far-Air Filters 
are loaded, air direction changes, flowing 
past the front loaded surface and pro- 
gressivi'ly loading the clean screen mesh 
that remains. Greater free area permits 
a larger dirt load with lower pressure 
drop. 

For full information about Far-Air 
Filt(*rs write: Farr Company, Dept. 
IIVG, 2615 Southwest Drive, Los Angeles 
43, California. 
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Air System Equipment 


Air Filters 
and Cleaners 


Dollinger Corporation 

Filters for Building Ventilation, 

Air Conditioning, Engine Intake, Pipelines and 
Many Other Special Applications. 

Representatives in Principal Cities 


0 Centre Park 


Rochester 3, N. Y. 


STAYNEW MODEL A-S 
AUTOMATIC FILTER 

An endless curtain type oil -bath 
filter for handling large volumes of air 
at low cost plus exceptionally largo 
dust-handling ability. The efficiency 
of Stay new Model A-3 is unsurpassed 
among mechanical self-clean- 
ing filters. 

Operation and Features : Double 
filter curtains (1) carried on heavy 
roller chains driven by sprockets 
keyed to the shafts of the curtain 
rollers (2). These rollers float on ball 
bearings for ^uiet, frictionless opera- 
tion. Curtains consist of removable 
panels (3) made of a single layer of 
lironze screen cloth to which are at- 
tached layers of woven copper nH»sh. 

The first of the curtains is tlu* 
denser, having about twice the im- 
pingement surface of the second or 
rear curtain. This first curtain acts 
as the filter and travels through tlu* 
oil reservoir. The second curtain 
does not enter the reservoir, but acts 
only as a safeguard against oil en- 
trainment. This design permits a di- 
rection of curtain travel such that 
cleaned panels (4) are always on the 
filtered air side. Therefore no dust can be carried across the* back or return side of 
the front curtain to be blown off and carried on by th(» flow of air. 

Patented, exclusive Staynew Air Brush Conditioners (5) |)rc‘vc‘nt excessive amounts 
of oil being carried upward on the curtain panels and being entrained in th(^ air 
stream. 

Specifications 

Model A-3 Filters are sectional and may be bolted together to obtain any required 
capacity. {Sections come in two widths, 4 ft 3 in. and 2 ft 9 in. Curtain drive and 
control mechanism (6) arranged cither as an integral part of filter unit or for remote 
mounting, includes a H hp motor (7) driving through a reduction gear and a momen- 
tary contact time switch (8) for testing and checking curtain travel and compressed 
air control. All arc mounted on a common base plate (9) on clean air side of filter. 
Shear pin (10) is provided for protection of moving parts from accidental damage. 
The drive motor and the Air Brush Conditioners operate simultaneously for a few 
seconds at 15 minute intervals. 
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Doninger Corporation 
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AirVUen 
and Cleaners 



Model WKE 
Panel and Frame 



Handles and Latches 



Viscous Model DPV 
Panel and Frame 



Standard Panel 
Insert and Frame 



STAYNEW PANEL TYPE FILTERS 

Model WKE: Dry-type finned panel filter for use in 
ventilation and air conditioning systems. Extremely large 
filtering area in relation to ovecall size. Adaptable to wide 
variety of filtering media— in fact, almost any medium ob- 
tainable in sheet form that can be crimped. Steel mesh on 
both sides of medium prevents sagging and makes the WKE 
fire-resistant (models available to meet Class I Fire Under- 
writers approval), and cleanable without possible damage 
from vacuum cleaning tool or cleaning nozzle. It may also 
be washed or dry cleaned when and if necessary. There are 
no cross bars, spacer bars, or other obstructions to interfere 
with the cleaning operation. 

Filter cells are held in rigid box-type supporting frames of 
heavy gauge metal by spring-loaded cam-type locking 
latches. Two lifting handles are provided on each cell. 
Filtering medium supplied already crimped and cut to size. 
It may be inexpensively replaced in 2 to 5 minutes right at 
the filter bank — no special tools required. 

Frames are drilled so that they can be riveted together to 
form a flat bank, or'by the addition of angle uprights into a 
‘‘V” or staggered arrangement. 

Viscous Panel (Model DPV) : A permanent type panel for 
air conditioning systems used in heavy duty industrial 
service. Filtering media consist of a series of layers of 
crimped galvan'zed screen cloth and woven mesh. These 
media when coated with PD-10 Pingene Filter Oil form an 
unusually efficient filter. Model DPV filters are cleaned 
easily with live steam or by washing in a suitable solvent. 
Spring-loaded locking latches and lifting handles are pro- 
vided as in Model WKE . 

Both Model WKE and DPV cells are furnished in 2 in. and 
4 in. depths in various standard sizes. 

Standard Panel: Dry-type Fin Construction, high filter- 
ing eflicieiicy. Heavy steel Panel Insert and Frame. 
Cleanable . Forty -two square feet of filtering area . Thous- 
ands of Staynew^ Standard Panel Units have given satisfac- 
tory service for years. Available in 20 in. x 20 in. x 7 in. 
size only. 

STAYNEW LIQUID FILTER 

Model ELS : Widely used for the filtration of cooling water 
to prevent clogging of spray nozzles. Exclusive, low-cost 
SLIP-ON INSERT easy to remove, clean, replace. Radial 
F'in Construction provides all possible filtering area in 
smallest possible space. Standard models available to 
handle up to 1000 gpm. 

Representatives in Principal Cities 
Complete Information from Factory on Request 
FILTERS FOR INTERNAL COMBUSTION ENGINES, 
COMPRESSORS, PIPE LINES; ALSO 
DUST COLLECTORS 
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Owens-Corning Fiberglas Corporation 

Toledo 1, Ohio 

air filters 

Lr Wii^ Lr — tk FIBERGLAS* produet 



Dust-Stop Air Filters are replaceable 
impingement-type filters for use in all 
systems in which air is moved mechani- 
cally — central heating, ventilating and 
air-conditioning systems, and mechani- 
cally-circulated warm-air furnaces. 

Dust-Stops provide high air filtering 
efficiency. They are constructed of 
packs of glass fibers (Fiberglas*), coated 
with an adhesive, faced with a metal 
grille, and bound on the edges with a 
fiberboard frame. 

The Fiberglas fibers, packed to proper 
density, form an exceptionally effective 
medium for air filtration. Being glass, 
they are inorganic, chemically stable, 
resistant to heat and corrosive vapors. 


And being of glass, they do not absorb 
the nonodorous, nonevaporating ad- 
hesive with which they are coated. 
Each impinged particle of dust is quickly 
soaked, acting as a wick to carry ad- 
hesive to other particles. Thus, the 
adhesive remains effective until the 
filter is so heavily loaded with dust that 
resistance to air flow calls for replace- 
ment. 

A minimum of manpower and tim(‘ is 
required in replacing economical Dust- 
Stops — and they can be obtained quickly 
from near-by suppliers. Dust-Stops arc 
made in two standard types: No. 1 (1 in. 
thick) and No. 2 (2 in. thick). Both arc 
available in several sizes. 


• FIBERGLAS is the trade-mark (Reg. U. S. Pat. Off.) for a variety of products made of or with glass fibers 
by Owens-Corning Fiberglas Corporation. 
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Owens-Corning Fiberglas Corporation Offices 


Atlanta, Ga. 
Baltimore, Md. 
Boston, Mass. 
Buffalo, N. Y. 
Chicago, III. 
Cincinnati, Ohio 
Cleveland, Ohio 
Columbus, Ohio 
Dallas, Texas 


Denver, Cc)lo. 
Detroit, mich. 
Houstoi^ Texas 
Kansas City, Mp. 
Los Angeles, Calif. 
Milwaukee, Wis. 
Minneapolis, Minn. 
New York, N. Y. 
Philadelphia, Pa. 


Pittsburgh. Pa. 
Portland, Orb. 
Richmond, Va. 

St. Louis, Mo. 

San Francisco, Calif. 
Seattle, Wash. 
Toledo, Ohio 
Tulsa, Okla. 
Washington, D. C, 



AIR FILTERS 
AND FRAMES 


TWO TYPES OF FRAMES— 

Dust-Stop Air Filters may be installed 
in banks of either “L” t'ype or 
Type Dust-Stop Air Filter Framc»t 
Hoth types of frames are designed, 
patented and manufactured by Owens- 
Corning Fiberglas Corporation for the 
convenient handling of l^ust-Stop Air 
Filters. 

The choice between “L’’ and 
Type frames is determined by the frontal 
area available. The “L” Type frame? 
requires less depth within tlie duet or 
plenum chamber but takes a larger 
face area than the “V*’ frame for the 
same cfm capacity. However, it can be 
set in various arrangements that reduce 
the required face area by increasing the 
depth. 

The Type frame two filters deep is 
designed to hold two \o. 1 Dust -St op 


Air Filters in each cell. The Type 
four filters deep holds four No. 1 Dust- 
Stop Air Filters (20 in. x 20 in.). 

Type frames can be provided in any size 
from a single unit having one cell at a 
rated capacity of SOO cfm at a velocity 
of 3(X) lineal f(‘(‘t per minute to a unit 
consisting of 91 colls with a capacity of 
72,8(X) cfm. 

The “V” Type frame contains two 
‘^cells’* each forming one side of the “V.” 
Each cell will hold up to four No. 1 or 
two No. 2 Dust-Stop Air Filters. 

Type frames take only the 20 in. x 25 in. 
filters. Th(i “V” framers are available in 
any size from a single unit having a 
capacity of 2000 cfm to a 98 cell unit with 
a capacity of 98,000 cfm. 

All frames are cold rolled steel and are 
shipped knocked down and crated, com- 
plete with all parts and instructions 
necc'ssary for easy and rapid assembly. 


Write for complete information on the application of DUST-STOP Air Filters 



tiy** Frams 


“L” Type Frame 
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Air filters 
and Cleaners 


Raytheon Manufacturing Company 

Waltham 54, Massachusetts 

Sales Enqineeking Offices: Atlanta, Boston, Chicago, Cleveland, 

Now Orleans, New York, San Francisco, Seattle, ^ 

Washington, D. C., and Wilmington, Calif. ®ww45ifs«» «m 



RAYTHEON 

SERVING THE NATION’S ENGINEERS IN THE FIELD OF 

ELECTRONIC AIR CLEANING 


Raytheon service in the field of electronic air cleaning imviiis more than the produc- 
tion of efficient equipment for removing dust, soot, smoke, lint, and other air-borrn^ 
dirt. It begins with the specialized knowledge and assistance offered to architects 
and engineers in planning the installation . . . extends to contractors who make tin* 
actual installation and continues on throughout the years so that the owners may be 
assured of getting all the benefits that were designed and built into the equi])ment. 


Raytheon Precipitators remove 90 per 
cent of all air-borne dirt including micro- 
scopic particles as fine as l/25(),0(K)-th of 
an inch, as proved by tests developed by 
the National Bureau of Standards. 

CELL-UNIT TYPE Raytheon Industrial 
Precipitator designed for installation in 
air circulating, air conditioning, or other 
air duct systems, can be built up to any 
required capacity. Washing can be 
manual (DLP-5()3), semi-automatic 
(DLP-521-R), or fully automatic (DLP- 
549) as desired. 

PACKAGE UNITS, Self-contained, for 
installation with or without duct work 
for offices, laboratories, commercial es- 
tablishments, or any other small or light 
dirt concentration areas. All units con- 
tain built-in washing features. 

Front view angle of typical 20,000 cfm 
industrial precipitator showing frame 
assembly, collector cells in place, ionizer 
cells, and baffle door. One complete cell 
and ionizer removed top left and one 
ionizer removed from cell below to show 
simplicity of construction and ease of 
installation. Ionizer slides in from front, 
and collector cell slides from back, light 
weight aluminum construction. 
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Research Products Corporation 

Madison 10, Wisconsin ^ 

RESEARCH AIR FILTERS FOR HEATING AND VENTILATING 


U. S. Patent 2070073 



U. S. Patent 2294478 


RESEARCH AIR FILTERS 



Research Air Filters are widely used 
wherever air is moved mechanically in 
blown-air heating and air conditioning 
systems, in window ventilators and for 
protection of industrial equipment. 
Tests prove Ues(iarch Air Filters have a 
93 per cent dust removal efficiency (with 
80-'20 dust), 99 per cent ragweed pollen 
removal efficiency. The resistance build- 
up is very gradual. 

Self-Seal Edge 

The time and 
labor saving 
Self-Seal edge 
is an exclusive 
llesearcli Air 
Filter feature. 
The filtering 
media is a pad 
constructed of 
single sheets, 
cut, expanded and held together to 
form a honeycomb pattern of thousands 
of tiny baffles. This unique construc- 
tion allows filt(!r to be made slightly 
oversize, fitting snugly into place and 
eliminating all by-pass of air. When 
filter becomes dirt clogged, only the 
filter pad need be replaced. 


Research Filter Banks. 

Research Air Filters arc used ex- 
tensively in filter banks — both 
fiat and V types. For maximum 
filtering efficiency and minimum service 
requirements, new speedy “Snap-in” 
grids are used with filter pads, the re- 
moval of front grid only being necessary 
when changing pads. 



Washable Alumaloy Filter. This filter 
has the sam(» efficiency as the disposable 
type filter. It is about )4 lighter than 
most other washable type filters. Filter 
is cleaned by agitating in hot soapy 
water. 

Alumaloy “Clean Duct” Grease Filter. 

All aluminum construction. Light 
weight. Kasily cleaned. Retains high 
lustre appearance. 

The Research Filter Watchman, a new 
automatic filter gauge, signals with light 
when filters are loaded to a maximum 
restriction to air flow; it may be set for 
any recommended resistance. 
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H. J. Somers, Inc. 

6063 Wabash Ave., Detroit 8, Mich. 

Agents in All Principal Cities 


SOMERS Heavy Duty Industrial Filter 



All Welded Vee Type 
Patent No’s. 2008800, 2130107 


Somers Hair Glass Filters provide everything required in an efficient air-cleaning 
system. 


Consider These Features 


• High rating for dust, soot and bacteria 

separation. 

• Require no adhesive, coating or impreg- 

nation. 

• Indestructible in normal service. 

• Minimum low-pressure drop. 

• Odorless and non- absorptive. 

• Fireproof. 


• Washable. 

• Permanent— Do not rot nor disintegrate. 

• All welded zinc-plated 20 ga. steel frame. 

• Metal protection strip on apex. 

•Glass cloth between hot-dipped hard- 
ware cloth. 

•Glass ribbon seal so air cannot short 
circuit. 


Somers Hair Glass Filters consist of a 20 gauge hot galvanized frame holding gal- 
vanized wire cloth packed with hair-spun glass strands. The glass strands are flex- 
ible, do not break up and cannot be drawn into air stream. 

Hair Glass being chemically inert, has no facility of absorption; it cannot rust and 
lasts indefinitely in service. Water either hot or cold may be used to clean it, without 
impairing its efficiency. 

These filters eliminate the necessity, the expense and the inconvenience of periodic 
replacement. 
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H. J. Somers, Inc. 


Air System Equipment 


Air Filters 
and Cleaners 


SOMERS WASHABLE AIR FILTERS A l l Welded Vee Type S tock S izes 


Frame Size 

Frame 

Filter Surface 

For Average 
Dry Filter 
Installations 

Wet 

Height and Length 

Depth 

Square Inches 

Application 

8 ^ X IZ*' 

3H" 

2 ^" 

1 288 

288 C.F.M. 

144 C.F.M. 

12^ X 12*^ 

*288 

288^C.F.M. 

144 C.F.M. 

12 -^ x 2 (P 

3)4" 


72(rC.F.M. 

360 C.F.M. 

X 24H'' 

3^" 

1023 

1023 C.F.M. 

511 C.F.M. 

15)^^ X 24H'" 

3)4" 

1674 

1674 C.F.M. 

837 C.F.M. 

165^*' X 24^^^ 

2 " 

480 

480 C.F.M. 

240 C.F.M. 

X 24H' 

3)4" 

1110 

1110 C.F.M. 

555 C.F.M. 

16-^ X 20*' 

2 " 

384 

384 C.F.M. 

192 C.F.M. 

16*' X 21^^'' 

3" 

816 

816 C.F.M. 

408 C.F.M. 

16*' X 26*' 

2 " 

480 

480 C.F.M. 

240 C.F.M. 

16*' X 25*' 

r 

624 

624 C.F.M. 

312 C.F.M. 

16'' X 25" 

864 

864 C.F.M. 

432 C.F.M. 

16" X 25" 

3)4" 

1344 

1344 C.F.M. 

672 C.F.M. 

16" X 25" 

3)4" 

1440 

1440 C.F.M. 

720 C.F.M. 

16" X 25" 

3)4" 

1632 

1632 C.F.M. 

816 C.F.M. 

16" X 25" 

3)4" 

1056 

1056 C.F.M. 

528 C.F.M. 

18" X 18" 

3>i6" 

864 

864 C.F.M. 

432 C.F.M. 

18" X 18" 

3)4" 

1134 

1134 C.F.M. 

567 C.F.M. 

18" X 24" 

3" 


1080 C.F.M. 

540 C.F.M. 

19H" X 1 W 

2 " 

480 

480 C.F.M. 

240 C.F.M. 

1 W X lOH'' 

3" 

819 

819 C.F.M. 

409 C.F.M. 

1 W X 19H" 

3" 

936 

936 C.F.M. 

468 C.F.M. 

19H' X 19>^" 

3" 

995 

995 C.F.M. 

497 C.F.M. 

19H* X 19H* 

3)4" 

1053 

1053 C.F.M. 

526 C.F.M. 

19^" X 19H' 

3)4" 

1170 

1170 C.F.M. 

585 C.F.M. 


3)^6" 

2 " 

1696 

480 

1696 C.F.M. 

480 C.F.M. 

848 C.F.M. 
240 C.F.M. 

20" X 20" 

2)4" 


600 C.F.M. 

300 C.F.M. 

20 " X 20 " 1 

2 * 4 " 

780 

780 C.F.M. 

390 C.F.M. 


2 * 4 " 

840 

840 C.F.M. 

420 C.F.M. 

20 " X 20 " 

3" 

960 

960 C.F.M. 

480 C.F.M. 

20" X 20" 

3'4»" 

1020 

1020 C.F.M. 1 

510 C.F.M. 

20 " X 20 " 

3)4" 

1200 

1200 C.F.M. 

600 C.F.M. 

20 " X 20 " 

3)4" 

1320 

1320 C.F.M. 1 

660 C.F.M. 

20 " X 20 " 

r 

1680 

1680 C.F.M. 1 

840 C.F.M. 

20" X 25" 


600 C.F.M. ! 

300 C.F.M. 

20 " X 25" 

27 k" 

1020 

1020 C.F.M. , 

510 C.F.M. 

20 " X 26" 

3)4" 

1560 

1560 C.F.M. I 

780 C.F.M. 

20" X 25" 

3V 

1800 

1800 C.F.M. 

900 C.F.M. 

20 " X 30" 

3)4" 


1800 C.F.M. i 

900 C.F.M. 

20 " X 30H'' 

23" X 20" 

3V 

2400x 

2400 (^F.M. 1 

1200 C.F.M. 

3)4" 

1656 

1656 C.F.M. 

828 C.F.M. 

23H'' X 23^" 

r 

1621 

1621 C.F.M. 

810 C.F.M. 

23*4" X 17»4" 

1068 

1068 C.F.M. 

534 C.F.M. 

24" X 25^" 

26" X 20 " 

3)4" 

1872 

1872 C.F.M. 

936 C.F.M. 

3)4" 


1800 C.F.M. 

900 C.F.M. 

26" X 23)4" 

2)4" 

936 

936 C.F.M. 

468 C.F.M. 

26" X 23>4" 

26" X 34" 

2 H" 

936 

936 C.F.M. 

468 C.F.M. 

3)4" 

2652 

2652 C.F.M. 

1326 C.F.M. 

28" X 33>4" 

2)4" 

1428 

1428 C.F.M. 1 

714 C.F.M. 

29" X 33)4" 

30" X 15" 

3)4" 

3045 

3045 C.F.M. 1 

1520 C.F.M. 

3V 


1800 C.F.M. 

900 C.F.M. 

30" X 20" 

3)4" 


1800 C.F.M. 1 

900 C.F.M. 

30" X 24" 

3" 


1800 C.F.M. 1 

900 C.F.M. 

31" X 23»r 

3»4" 

3162 

3162 C.F.M. ' 

1581 C.F.M. 


Other sizes also available. Send for complete stock size list. 

Frames zinc plated for KM) hour salt water spray tost. Refill may be inserted if 
necessary. 

Quotations and further engineering data y including master holding Jr amv drawings will 
be sent on request. 

Just Sifew users of Somers Filters 

Chemical Plants 

American Viscose Co. 

American Zinc & Chemical Ci 
Davison Chemic^il Corp. 

Automotive 

Frederick Sterns Co. 

Cadillac Motor Car 
Clievrolct Motor C'ar Co. 

Chrysler Corp. 

Fisher Bcxly Corp. 

Refrigeration 
and Air-Cond. 

Frigidaire Corp. 

Norge Div.— Borg Warner 
Kelvinator Corp. 

York Ice Machine Co. 
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Ships 

Amer. Sliipbuilding Co. 

U. S. S. Saratoga 

n. S. N. Lake City, Fla. 

U. S. N. Daytona I^ach, Fla. 
IT. S. N. Vero ^ach, Fla. 

U. S. N. Jacksonville, Fla. 

UtiUties and 
Municipalities 

City cd Kenosha 

Michi^n Consolidated Gas Co. 

Detroit Edison Co. 

New York Edison Co. 
Westchester Lighting Co. 

Dep’t. Stores 

S. S. Kresge Co. 

S. H. Kress & Co. 


Food Processing 

Awrey Bakeries 
(lilliert Chocolate Co. 

Kellogg ('o. 

Manufacturers 

BufiTalo F'orge Co. 

Rurrouglis Adding Machine Co. 
Clan^ Fan Co. 

Curtiss- Wright Airplane Co. 
Glensdcr Textile Co. 

H(X)ver Co. 

International Heater Co. 
Kearney & Trecker Corp. 
Killian Mfg. Co. 

National Carbon Co., Inc. 
Pittsburgh Plate Glass Co. 
Rockford Machine Tool Co. 
Sunstrand Machine Tool Co. 
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Supreme Air Filter Company 

126 West 21st Street, New York 11, N. Y. 

SUPREME WASHABLE DRY TYPE AIR FILTERS 
AUTOMATIC OR MANUAL CLEANING 


Supreme Air Filters arc made of a spun glass 
filter media, annealed under a patented 
process, and covered with a galvanized or 
copper wire mesh 25-06, encased in a gal- 
vanized or copper frame. 

Supreme Filters offer a low resistance to 
the free flow of air, are light in weight and 
easy to handle. All cells are equipped with 
handles and interchangeable in the same 
bank. 

Supreme Filters are made in flat and saw- 
tooth types: The flat filter is encased in a 
Yi in. frame, for convenience in ordering and 
lower cost production. The sawtooth type 
is corrugated the depth of the cell frame 
thereby increasing the filtering surface in a 
given area. 

The spun glass in Supreme Filters is FIRE, 
ROT and VERMIN proof and not attacked by any chemical other than hydro-fluoric 
acid; it is approved by the Board of Fire Underwriters. 

The important factor in rating a filter is generally not the removal of a certain 
per cent of dust by weight but rather the effectiveness for taking out certain objec;- 
tionable constituents, which may be either the finest particles present or the coarser 
ones within a certain range. The lower number per cent of dust particles in buildings 
and out-of-doors occur just after air washing by rain or snow storm, and the greatest 
number in busy streets on dry days. 

Supreme Filters can be washed in hot or cold water, adding a little soap powder or 
solvent, and spraying with not over 25 lb water pressure. 

New mats can be supplied for all Supreme cell frames where mats become worn out 
or defaced, thereby saving the cost of a new frame, which has patent pending. 


TABLE OF SUMPREME AIR FILTER SIZES 


Sises 

C.F.M. 

Mat. 

SQ' 

EFFY 

Pd, W.G. 

Sizes 

C.F.M. 

Mat. 

SQ' 

KFFY 

Pd, W.G. 

le*' X 2xr 





3' 

16' X 20' 

1500 

1500 



!«' X 26* 




.14' 

16' X 25' 

1500 

1500 

97.1 

.18' 

20'x20* 





20'x 20' 

1500 

1500 



2(Px26'^ 

480 




20' X 25' 

1500 

1500 



f 

16*' X 20*^ 

800 




4' 

16' X 20' 

2000 

2000 



16*' X 25' 


800 

95.7 

.16' 

16' X 25' 

2000 

2000 

98.0 

.20' 






20'x20' 

2000 

2000 





800 



20' X 25' 


2000 





Supreme Air Filter {Before and after cleaning) 


Some Users of Supreme Air Filters 


B. Altman Company 
Bendix Radio Corporation 
Bethlehem Steel Corporation 
Christ Hospital 

Colgate Palm Olive Feet Com- 
^pany 

Commerical Bank & Trust Com> 
pany 

Conde Nast Company 
Dime Savings Bank 
£. 1. DuPont deNeumours & 
Co., Inc. 

Fifth Avenue Hotel 


Garment Capital Center 
Geigy Dye Works 
Koss Restaurant 
Masonic Temple 
Modern Industrial Bank 
New Amsterdam Theatre 
New York Central R. R. 

New York Telephone Bldg. 
Corn. 

New York Trust 
Ohio Power Company 
Pabst Air Condg. Corp. 
Panama Steamsnip Line 


Posi Print Works 
Riegel Paper Corp. 

Supreme Air Filters have been 
approved by the Maritime Com- 
mission for use on theC-2 ships. 

Gulf Shipbuilding Co. 

Moore Dry Dock Co. 

Mantowac Shipbuilding Co. 

U. S. S. A. So. Africa 
International Tel. & Tel. 
Colonial Trust Co. 

Western Electric Company 


Write Siqireme Air Filter Company for Complete Information and pricea 
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TRION, INC.* 

1000 Island Avenue, McKees Rocks, Pa. 

IN METROPOLITAN PfTTSBURGH 


TRION 

ELECTRIC AIR FILTER 
(Electrostatic Precipitator) 

Wherever clean, pure air is desir- 
able or mandatory — in residential, 
commercial or industrial applications 
— a Trion Electric Air Filter will 
probably solve the problem. When 
installed into the return air duct of 
warm air heating, air conditioning or 
ventilating systems (in accordance 
with specifications), Trion effectively 
removes more than 90 per cent of the 
dust, dirt, smoke, lint, pollen and 
other air-borne irritants from air 
streams passed through the filter— as 
determined by the Bureau of Stand- 
ards “blackness” test. 

The standard “packaged” unit is 
available in four sizes for handling air 
volumes up to 4000 cfm. Suspended 
cabinets and specially constructed 
filters for unusual or larger applica- 
tions arc designed to specification. 

Shipped fully assembled . . . easily installed . . . economical to operate . . . simplified 
controls . . . requires no attention . . . absolutely safe ... no moving parts to wear 
. . . built for a lifetime of service . . . component parts are factory serviced. 

Only three distinct, functional units, housed in a heavy gage steel cabinet (1) 
comprise the entire Trion: The lonizing-Collecting Cell (2), Power Pack (3) and a 
Water Wash System— under the housing (4). Each slides out like a drawer, to be 
quickly replaced, if necessary. The Electric (5) and Water (6) Lines enter the top 
of the cabinet and the dirt-laden water drains from the bottom (7). On the front of 
the cabinet is the (Control Panel (8) with indicating instrument, power and water 
wash switches —interlocked for complete safety. No access may be had to the 
electrical parts except by the removal of the front panel, and the mere turn of the 
Safety Screw (9) de-energizes the unit. Vertical (10) and Horizontal (11) Adaptors 
allow the Trion to be readily fitted into existing air conditioning and warm air sys- 
tems. The Horizontal Adaptor contains a Glass Wool Filter (12) on the clean air 
side to diffuse air and trap any blow off that might occur under unusual conditions. 
Universal design permits switch for left or right hand installation. 

* Designers and manufacturers of equipment for electrostatic cleaning and purifying of air and other 
gases. 
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Illisstrated above is a cutaway view of the 
I too cfm *^packaged” Trion 
Electric Air Filter. 



Air ^stem Equipment • Root cooum 




V. S. OoiiernmeiU Office BuMing COOLED inlh AI'HIL SI/OWEHS 

SURFACE COOLING has many roiivorts. THESE installations show tho trend 
toward space cooling by the sprayed surface method. Hundreds of installations, 
from Boston to Los Angeles have* b(*en made. The systems ar(^ automatic, and very 
little water is reejuired : 

Country Life Press Corp., Garden City, L. I 90,000 sq ft of roof 

Ilallicrafters Cb., Chicago 140,4(K) sq ft of roof 

Lily Tulip Cup plant (Westinghouse air conditioned), 

Augusta, Ga. . 104,000 s(| ft of roof 

Ponemah Mills, Taftville, ("onn. 52,015 sq ft of roof 

Aerojet Engineering Corp., Azuza, Calif. 22,000 s(j ft of roof 

Westinghouse Electric Company, Hyde Park, Mass . 12,544 sq ft of roof 
General Electric Corp., Providence, II. I. 8,538 sq ft of roof 

Bulova Watch Co., Providence, R. I. 31,(XK) sq ft of roof 

Magnolia Paper (k)., Houston, Tex. . 37,576 sq ft of roof 

Telechron, Inc., Ashland, Mass, (repeat orders) 54,5(K) sq ft of roof 

Weston Electrical Instrument Co., Newark, N. J. 24,(KX) sq ft of roof 

Write for Descriptive Literature No Obligation for Estimate 

A FEW DEALERSHIPS STILL OPEN 

APRIL SHOWERS is the trade name of an EFFKHENT fool proof method of pn*- 
venting roof heat penetration or solar infiltration causing excessive heat in upper 
floors and in factories, stores, theatres, shops, etc. 

City water under normal city pressure is usually adequate to serve your APRIL 
SIlOWPjRS system. The sun operates it. Roofs LAST LON GER, greater comfort is 
assured, production during the summer’s heat is kept apace, errors through fatigue 
are avoided, and MANAGEMENT acclaims APRIL SHOWERS a GOD-SEND. 

Developed in 1933-34. 

APRIL SHOWERS controlled roof cooling is protected by IT. S. Patents; beware of 
imitators or infringers. USED BY AIR CONDITIONING ENGINEERS to cut 
solar load. 

APRIL SHOWERS new residence heads now ready. 
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Foster Wheeler Corporation 

165 Broadway^New York 6, N. Y. 

District Offices 

Atlanta • Bohton • Chicago • Cincinnati • Clevkland • Dallah • Detroit 
Houston • Kansas City, Mo. • Los Angkleb • Philadelphia • Pittsburgh 
San Francisco • Washington, D. C. 



Cooling Towers 

Foster Wheeler (iiiginccrs have had wide experience in the design and construction 
of high-efficieney cooling towers for service under any climatic conditions. FW 
lowers have been constructed all over the world to meet the cooling requirements of a 
variety of industrial needs, such as those encountered in chemical plants; public 
utilities; textile manufacture; office buildings and department stores; and oil 



ndineries. Caridul study of each pro- 
posed installation is undertaken before 
recommendations for the most suitable 
tower are given. 


Left: Three of five induced draft towers, 
introduced by Foster Wheeler and in- 
stalled in 1933 on the roof of the R. II. 
Macy department store in New York 
City. The first two towers cool cir- 
culating water for the condenser of a 
turbine; the other towers, only one of 
which is shown, cool water used in 
Macy’s air conditioning system. 


Vacuum Refrigeration 

Schematic diagram showing arrange- 
ment of a typical vacuum refrigeration 
system . These syst.(?ms , which cool water 
by subjecting it to high vacuum, supply 
chilled water for air conditioning or 
refrigeration. When a sufficient quan- 
tity of steam is available, vacuum 
refrigeration systems have several out- 
standing advantages’—low initial cost; 
low maintenance cost; no toxic, explosive 
refrigerants; and, exclusive of pumps, no 
moving parts. Entire units designed 
and constructed by Foster Wheeler. 
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Manufacturing Company 

3130-36 Carroll Ave., Chicago 12, 111. 

Representatives in all principal cities 


Water cooling sfystems and nozzles ... a size and type for every purpose 



Binks atmospheric spray cooling towers 

Small sizes, in a variety of standard units with 
capacities ranging from 10 to 125 gpm — larger units 
handle from 600 to 1200 gpm. Special designs 
furnished in sizes of exceptionally large capacity. 
Standard tower capacity and temperature per- 
formance are based on nozzle pressure of 7 lbs per 
sq in. Ask for Bulletin 82. 




Binks horizontal induced draft cooling towers 


The horizontal draft principle of operation results 
in a tower having relatively low height. Single 
fan units of the spray filled type have fans from 18 
to 30 in. in diameter. Larger twin units have fans 
from 42 to 48 in. in diameter. Frequently installed 
in multiples for large capacities. 

Ask for Bulletin Si. 




Binks spray filled 
forced draft towers 

Small, compact, quiet, 
specially suitable for use 
with packaged air condi- 
tioners. Nineteen sizes 
for systems ranging from 
3 to 21 tons of refrigera- 
tion. 

Ask for Bulletin 85. 


Binks redwood 
atmospheric 
cooling towers 

in single section units of 
solid redwood construc- 
tion, are built in seven 
standard sizes to handle 
normal capacities of 20 to 
125 gpm of cooling water. 
Ask for Bulletin iO. 



- Binks steel cased induced draft cooling towers 


- Towers of this type are of the spray filled or 

1 ' 

^ deck filled type — made in 20 standard sizes of 

i sq ft rated area. Larger models are engineered 
to specification. Air propulsion assemblies for 
either type can be arranged for V -belt or reduc- 


tion gear drive, as required. 

c 

4 

lor Bulletins 86 and 87, 




Binks induced draft 
masonry cooling 
towers 

Engineered for large 
scale air conditioning 
systems in towers that 
harmonize with the archi- 
tectural features of the 
building. Spray or deck 
filled. Ask for Bulletin 
88 . 


Binks spray pond equipment 

Thousands of Binks-cquipped spray 
ponds provide great operating economy 
for cooling 
large quanti- 
ties of water. 

Ask for Bul- 
letin 18, 
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Bitiks Manufachoing Co. 
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Blnks non-clogglag Rotojet spray nozzles 

Xon-clogging Uotojet nozzles are the heart of every Binks water cooling system. 
They account largely for the efficiency and satisfactory operation of Binks water 
cooling installations. In addition to cooling tower applications, Binks Rotojet 
nozzles have found a wide number of useif in brine-spray and ^uick-freeze refrigerat- 
ing systems, air washing eauipmcnt, metal cleaning and treating machines, chemical 
plants, etc. Rotojets produce a uniformly fine fluid breakup in a hollow cone pat- 
tern. Standard small and medium Rotojet nozzles are machined from brass bar 
stock, but can be made on special order from monel, stainless steel, or other machin- 
able metals. Large, heavy-duty Rotojet nozzles for use in large cooling towers and 
spray pond installations, are cast from high quality brass with precision machined 
threads and orifices. These nozzles may be cast in other metals for special purposes 
and processes. 

Binks small and medium capacity Rotojet nozzles 

to fit to % in. pipe connections. Regularly 
supplied in brass, with male or female threads, as 
specified. Discharge orifices are available over a 
considerable range for each size. Rotojet nozzles 
of this type are designed on the side inlet whirl 
chamber principle, which produces a fine fluid 
breakup and a uniform spray pattern. 

Full data is contained in Bulletins Nos. 10 and 11. 





Binks heavy-duty Rotojet nozzles 

To fit 1 to 23^ in. pipe connections. 
Female threads only. Discharge orifices 
available in various sizes, from 9/16 in. 
to 1-13/16 in. The totally unobstructed 
involute type of whirl chamber produces 
a uniformly fine w^ater breakup at low 
pressures (5 to 7 lb). 

Ask for Bulletin No. 12. 



Binks Spra-Rite nozzles 

a Produce a solid mass cone 
spray pattern. Small sizes 
for 54 to ?4 in. connections 
arc widely used for air wash- 
ing, cooling, brine refrigera- 
tion, rapid evaporation proc- 
esses, filtering systems, 
chemicals, etc. Bulletin 19. 


Binks large capacity 
Spra-Rite nozzles 

to fit 1 to 3 in. connections 
meet a variety of heavy- 
duty uses in blast furnace 
gas washers, vibrating and 
revolving screen coal and 
gravel washers and water 
cooling. Bulletin 19. 




Binks pneumatic atomizing nozzles 

Series 50 nozzles are designed for use wherever 
conditions of controlled humidity must be main- 
tained. as in the storage of perishable products, 
paper storage and printing plants, textile mills, 
greenhouses, etc. Nozzles of all brass construc- 
tion deliver round or flat spray and are designed 
for use with automatic siphon or pressure feed 
installations. Described in Bulletin No. 16. 


Engineering service and technical bulletins 
Binks engineering service and facilities are available without obligation or cost to 
architects, heating and ventilating engineers and builders. We welcome the op- 
portunity to be of service in planning and installing cooling systems that will fully 
meet every requirement of performance. Give us the details of your problem and 
we will submit our suggestions. 

Technical bulletins describing Binks water cooling systems and industrial nozzles 
are available for all units described on these pages. Write for the ones that will be 
useful to you. They will be mailed promptly, without obligation. 
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Air System Equipment 


CooUng 

Towers 


The Marley Company, Inc. 

Fairfax and Marley Roads, Kansas City 15, Kansas 

Representatives In All Principal Cities (Consult Classified Phone Directory) 

Water Cooling Towers of All Types and Capacities. Spray Nozzles 


Marley Non- 
Clog Spray 
Nozzles 



Low pressure tan- 
gential inlet v'ith 
high speed whirl and 
uniform fine spray. 



TwO’Piece Nozzle 
fur all cooling and 
spraying. Readily 
cleaned. 



One-Piece Nozzle 
for cooling towers, 
spray ponds; large 
capacity. 



Atomizing Nozzle for 
humidifying vapor- 
izing; a **mist-like” 
spray. 


ATMOSPHERIC SPRAY TOWERS 

Marley atmospheric towers are designed for 
lowest cost, high efficiency installations on roof 
or ground where breeze is unobstructed. They 
are easily installed, simple and economical to 
operate . N o fans , motors or other moving parts 
are employed. Towers arc sturdily constructed 
of heaj-t quality redwood for long, trouble- 
free life. These towers owe their efficiency to 
the U8(i of Marley low pressure spray nozzles and 
distribution systems. They are made in a wide 
range of closely graduated sizes and are shipped 
complete with necessary hardware, ready to 
erect. 



MARLEY AQUATOWERS 

Marley Aquatowc^rs are built and 
shipped as coinpletci units and an* 
remarkable for simplicity of in- 
stallation and operation. Their 
small space requirement makes 
them ideal for many applications 
either indoors or out. They are 
steel cased and are filled with nail- 
less redwood filling that retains 
correct alignment. Aquatowers 
are produced in two styles anil 
seven sizes for specified refrigera- 
tion loads. 


SMALL SERIES VERTICAL STEEL 

These at tract! ve induced draft steel cased 
towers are designed for medium capacity 
refrigeration and air-conditioning service. 

Small Series Vertical towers are equipped 
with Marley Triple Effect eliminators, 

Marley low pressure m)ray nozzles and 
distribution system. They are prefab- 
ricated and piece-marked for simplified 
field assembly . V -belt fan drive is stand- 
ard equipment for all models. Marley 
Gcareducers are available for larger 
capacity towers. 

MARLEY DOUBLE-FLOW TOWERS 

For large capacity installations, Marley patented Double-Flow 
towers are designed to provide maximum efficiency and fiexibliity . 
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EQUIPMENT DIVISION J. F. Pritchard & Company 

908 Grand Ave., Kansas City 6, Missouri 

Nkw York, Chicago, Lob Anorlsb, Hocbton, Pittsburgh, St. Louis, Tulba 
Representatives in Other Principal Cities 

THREE LEADING LINES — Cooling Towers* Heat Exchangers* Gas Equipment for 
FIVE MAJOR FIELDS — Chemical* Natural Gas* Petroleum, Power and Refrigeration 


Medium Sized Indtutrial Induced Draft Type Tower 


COpUNG TOWERS~~Ca- 
pacities ranging from small 
steel models for air eoiidi- 
tioning up to heavy-duty 
induced draft industrial 
towers. Patented fans and 
drives developed for specific 
duties show distinct ad- 
vantages. Specificaf ions, 
prices, rating and applica- 
tion recomiiKmdations fur- 
nished promptly, without 
obligation. Shipment from 
stock. 


Mechanical Draft Towers— (^mventional or “coil type** 
indiK^ed draft counter-flow designs achieve greatest 
cooling efficiency. All sizes available with rculwood or 
steel frani(‘s, fireproof sheathing, double-wall casing. E.\- 
include wrought Monel FEATHIOU- 
WEIGHI hANS*, SEAI^DELOW* ventilated fan drive 
units; low pumping head; trouble-free water distribution. 



Towers- Deck towers with 
DHIFT-HETllIEVIOIl* louver design, 
minimizing drift loss without restrictive 
secondary louvers. High operating ef- 
ficiency, low operating costs, soundlv 


Packaged Towers 

Available in steel 
(painted or galva- 
nized), aluminum or 
Monel. (Completely 
assembled or knocked 
down for fudd assem- 
bly. Ideally suited for 
refrigerathin and air 
conditioning systems, 
air compressors, etc. 



SEALDFLOW* Fan 
Drive 


lieplacement equip- 
ment for any make of 
existing towers in- 
cludes SEALDFLOW* 
fan drives, conven- 
tional right angle fan 
drives, al 1-Monel 
direct drive self-con- 
tained units, and 
hDATHEHWEKlHT* 
fans. 


Horizontal Airflow Steel Towers 
for Air Conditioning Installations 

engineered. Spray towers, any capacity 
for roof or ground installation. Slip-fit 
louvers. Simple to assemble. Redwood 
construction. Shipped complete. 

HEAT EXCHANGERS~A11 types of 
heat transfer apparatus, high or low 
pressure, shell-and-tubc, atmospheric, 
etc., in standard or special design. 
QUIXTAIR* air-cooled heat exchangers 
adaptable for jacket water cooling, 
steam condensing and AIRDFIXS* for 
cooling vapors, gases, oils, acids, other 
fluids. Open, simple, sturdy construc- 
tion allows for easy maintenance and 
mechanical reliabilit y . 

GAS EQUIPMENT — Includes 
H YDRVERS*, package type units for air 
and gas drying, using any one of several 
solid desiccant ma- 


*KeRistered trade names for S] 

produced by J. V. Pritchard & 



terials. 

Total or con- 
trolled dehydra- 
tion in any capaci- 
ty. Standardized 
for specific appli- 
cations. 3-ZONE* 
cleaners and sep- 
arators, horizontal 
or vertical types 
for air, gas and 
steam ; and special 
mist-extracting 
'Laboratory Size" Air Dryer applications. 
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Water Cooling EU^uipment Company 

8613 New Hampshire Avenue 
Affton Station, St Louis 23, Missouri 

MANUFACTURERS OF MECHANICAL DRAFT AND ATMOSPHERIC COOLING TOWERS 



LOW HEAD. IN- 
DUCEO DRAFT 
COOLING TOWER 

WLH Low Heady 
Induced Draft 

Tower with mul- 
tiple cell arrange- 
I ment. Monel 

Metal fan ring, 
Monel Metal blades and hub are used 
in the fan Unit. Self-contained, built-in 
motor located inside fan hub, is used. 
Motor bearings factory lubricated and 
sealed requiring no further lubrication 
for the life of bearings. Outer casing 
can be cement asbestos board with con- 
trasting trim strips for fire resistance 
and improved appearance. 


REDWOOD 
••WATERFALL” 

ATMOSPHERIC 
SPRAY 
COOLING 
TOWER 

Factory fabri- 

cated and shipped 
knocked - down 
with all hard- 

ivare, spray 

headers and spray 
nozzles. Complete erection instruc- 
tions and drawings are furnished to 

assist in the assembly of the tower. 

These towers are portable and can be 
knocked-down and moved simply by re- 
moving the louvres and bolts. Ship- 
ment can be made from stock. Write 
for Bulletin 125-A. 



itowced draft 

COOLING TOWER 

A 7700 gpm In- 
duced Draft Cool- 
ing Tower con- 
structed of all 
heart Redwood 
which was chemi- 
cally treated with 
flame retardant and outer casing fur- 
nished of cement asbestos to conform to 
fire prevention regulations. Equipped 
with four 168-in. diam. stainless steel, 
6-blade, adjustable pitch, propeller type 
fans. 



INDUCED 
DRAFT 

This type of cool- 
ing tower is rec- 
ommended for in- 
stallations where 
noise is a prime 
factor of consi- 
deration. The 
noise of the me- 
chanical items is carried upward and 
discharged into the air. The mechan- 
ical draft cooling tower assures a posi- 
tive cooling of the water to a specified 
temperature independent of wind veloc- 
ity. 

LOW HEAD. IN- 
DUCED DRAFT 
COOLING TOWER 

Redwood WLII 
Low Head In- 
duced Draft Cool- 
ing Tower de- 
signed for roof or 
ground installa- 
tion. Nail -less 
grid filling of advanced design and all - 
bolted construction, is employed. Water 
is distributed by the gravity-trough 
system resulting in a very low pump- 
ing head. Write for Bulletin WLH-8()1. 





Patent No. 2,123.697 

towers and other uses, 
tin 76- A. 


SPRAY 
NOZZLES 

“Whirlcone” 
non - clog- 
ging, low 
pressure, cen- 
trifugal typ(; 
spray nozzles 
for spray 

ponds, spray 
Write for Bulle- 


ENGINEERING 

Design and construction are based on 
sound engineering principles to meet 
specific requirements for cooling per- 
formance and structural strength. Red- 
wood, steel or other suitable materials 
are used. 
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American Moistening Company 

Ebtabl|bhed 1888 

* 

Providence 1, R. I. 

Atlanta 2, Ga. Bobton 9, Mabb. Charlotte 1, N. C. 

JMEO 

UNIT HUMIDIFYING AND AIR CONDITIONING EQUIPMENT 


A few of many AMCO products with a Long Record of Dependable Performance 


Self -cleaning Atomizers. 
Sectional Humidifiers. 
Ideal Humidifiers. 
Amtex Humidifiers. 
Hand Sprayers. 


Fabric and Paper Dampeners. 
Electro Psychrometers. 

Sling Psychrometers. 
Hygrometers. 

Mine Sprays. 


The Amco line of devices for the supply, maintenance and control of humidity is com- 
plete in its ability to meet any presented problem of applied humidification. Used 
independently or as an adjunct to Central Station equipment, these devices auto- 
matically maintain any required humidity condition in a capable uniform per- 
formance. 





AMCO ATOMIZER— No. 5 

Quality and quantity of spray are maintained even under 
adverse conditions because this atomizer is automatically 
self-cleaning. When the compressed air supply is shut 
off, either manually or in response to a humidity control, 
both air and water nozzles are thoroughly cleaned. 

AMCO HUMIDITY CONTROLS 
Compressed Air Operated 

An extremely accurate and active device operated by 
compressed air which assures a regulation of humidity 
within exceedingly close ranges. 

AMCO HUMIDITY CONTROL 
Electrically Operated 

Similar in principle to the Compressed Air Type except 
that the hygroscopic element operates electrical contacts 
which control the units. 

AMCO EVAPORATIVE COOLING UNIT 

The Amco System of evaporative cooling contributes to 
sniooth production at high speeds in two ways; it main- 
tains the percentage of relative humidity best suited to 
the fibre and process involved, and at' the same time 
promotes the comfort and efficiency of personnel by ob- 
taining the maximum practical cooling effect from evapo- 
ration. It does this by introducing outside air into the 
room in varying amounts, regulated in accordance with 
climatic conditions and inside requirements. 

A ductless system — very fiexible and portable. Can be 
applied in conjunction with an existing humidifying 
system. 
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Jos. A. Martocello & Company 

229-31 North 13th Street, Philadelphia, Pa. 

SPRAY POND AND ATOMIZING SPRAY NOZZLES 



MARTOCELLO 

Atomizing Spray Nozzles 
produce a uniform, good, 
wide spray with less friction 
and at minimum pressure re- 
quirements. 

Nozzles illustrated at the 
right are manufactured with 
precision in Brass Forgings 
and Bar Stock. Their de- 
sign has been thoroughly 
tested for results and du- 
rability and will give you 
satisfaction. 

Successful, Efficient Re- 
sults depend largely upon 
selecting the proper number 
and type of Nozzles with 
Brass or Monel cap suitable 
for your job. Therefore we 
suggest you send us your 
specifications as we also 
have several Types other 
than illustrated and we will 
gladly assist you to obtain 
the most efficient applica- 
tion. 



MARTOCELLO 

Spray Pond Nozzles of a 
sturdy one-piece construc- 
tion — east of High Grade 
Red Brass with Inlet and 
Outlet accurately machined, 
are less clogging, offer less 
friction and give unsur- 
passed overall efficiency. 



MARTOCELLO CLUSTER CASTINGS 

Sturdy Grey Iron Construction with large area 
for reduced friction and even distribution. They 
are Hot Dipped Galvanized after fabrication. 

Furnished with Nozzles and continuous Stand- 
ard Steel Long Sweep Galvanized Pipe Spray Arms 
and Center Nozzle Nipple in accordance with 
layout required. 

Sizes Carried in stock for Prompt Shipment 
V/i in. P. S. Outlet, 3 in. P. S. Inlet and 2 in. P. S. 
Outlets, 4 in. P. S. Inlet Cluster Castings. 

WRITE, PHONE OR WIRE 
For Bulletin listing Capacities and Prices. 

Prompt shipments from stock, 
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Monarch Manufacturing Works, Inc. 

2509 E. Ontario St., Philadelphia 34, Pa. 

SPRAY NOZZLES FOR WATER AN© OIL 


NON-CLOG AIR WASHER NOZZLES 

C reduce an exceptionally efficient, evenly distributed 
ollow cone spray. Single large tangential inlet to 
swirling chamber minimizes any possibility of clogging. 
Also available in % in. to 1 in. pipe sizes inclusive, and of 
Brass, Stainless and Monel. 


Capacities : Gallons per Hour 



Sizes 



Lbs. OiieratiiiK Pressure 


Pipe 

Orifice 

1 Lead 

10 

20 

30 

40 

60 

100 


69 

69 



2.9 

3.3 

4.0 

5.1 


61 

61 


4.0 

5.0 

5.5 

7.0 

8.7 


61 

53 

4.4 

6.2 

7.5 

8.3 

10.3 

13.0 


53 

53 

5.8 

8.2 

9.8 

10.9 

14.1 

17.3 


49 

49 

9.1 

11.1 

13.2 

15.0 

19.5 

24.6 


56 ' 

56 ' 

11.8 

16.6 

20.4 

23.4 

20.0 

36.5 



56 ' 

10.5 

27.6 

33.3 

39.1 

40.0 

60.0 



%' 

24.3 

34.6 

42.8 

50.0 

64.0 

78.5 



54 ' 

31.5 

46.1 

57.0 

64.1 

81.9 

105 


5(6' 

56 ' 

52.2 

75.0 

92.5 

100 

138 

189 


ha' 

56 ^^ 

78.0 

112 

138 

163 

205 

257 



ha' 

82.0 

121 

152 

180 

225 

i 300 



Fig. esi 



Fig. 629 



Fig, F-80 


AIR CONDITIONING AND OIL BURNER NOZZLES 
Water Capacity in Gallons per Hour 




Lb OperatiiiR Pressure 


Nozzle No. 







25 

40 

60 

80 

100 

1.35 


.57 

.69 

.83 

.92 

1.65 


.75 

.89 

.99 

1.12 

2.00 


.94 

1.14 

1.28 

1.40 

2.50 


1.13 

1.45 

1.64 

1.86 

3.00 

1.03 

1.39 ' 

1.62 

1.85 

1.95 

3.50 

1.36 

1.77 

2.11 

2.46 

2.80 

4.00 

1.56 

2.00 

2.42 

2.77 

3.16 

4.50 

1.86 

2.32 

2.77 

3.21 

3.68 

5.00 

2.20 

2.88 

3.57 

4.09 

4.59 

5.50 

2.22 

2.96 

3.75 

4.31 

4.78 

6.00 

2.55 

3.35 

4.01 

4.78 

5.23 

7.00 

2.90 

3.91 

4.60 

5.17 

6.00 


Produce finest breakup possible with direct pressure only. Capacities above are on 
wat(»r. “Nozzle No.” is capacity on 34 second Saybolt viscosity oil at 100 lb pressure. 
Larger sizes up to Nozzle No. 60.(X). 

Furnished of all Brass for Water — Stainless Steel tip and disc for Oil. Standard 
wdth in. or in. female pipe Brass adapter and Monel gauze strainer. 


SPRAY POND NOZZLES 

For recooling condenser water, etc. Operate 
on pressures from 5 lb upward. Made of Cast 
lied Brass and in pipe sizes 1 in., 13^ in., 2 in., 
and in. Capacities from 4.1 to 88 gpm at 
7 lb pressure. 


Write for Detailed Catalogs 
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ACME INDUSTRIES, INC. 

Jackson, Michigan 

Representatives in Principal Cities 

CONTINUOUSLY SERVING THE REFRIGERATION 
INDUSTRY SINCE 1919 



FREON CONDENSERS 
AMMONIA CONDENSERS 

Shell and Tube type for use with Am- 
monia, Freon or other Refrigerants. 
Standard or special designs to meet vary- 
ing water temperatures available and 
condensing temperatures desired. 



DRY-EX COOLERS 

Refrigerant in Tubes, Solution bafRcd 
through shell. For cooling water, brine, 
Glycols or Alcohols by direct expansion 
of refrigerant. 



BLO-COLD INDUSTRIAL 
UNIT COOLERS 

Blo-Cold Models are available for either 
medium temperature or low-temperature 
applications. 



EVAPORATIVE CONDENSERS 

All prime surface for Freon or Ammonia 
Refrigerants— Heavy Gage Sheet Metal 
Casings, especially processed for Maxi- 
mum Resistance to Rust and Corrosion. 
Capacities to 100 tons. 



HEAT INTERCHANGERS 

Shell and coil units for small capacities, 
shell and tube units for large installa- 
tions. 16 standard models from one ton 
to 180 tons capacity. 










i 


wKmmmm 






— 



PIPE COILS 

Fabricated in all shapes and sizes from 
Yi in. IPS to 2 in. IPS. in accordance with 
customer’s specifications. 


Acme Industries, Inc. also manufacture Flooded Water and Brine Coolers. 
Oil Separators, Receivers and Fin Coils. 

WRITE FOR CATALOG ON ANY PRODUCT 
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Condenser Service & Engineering Go., Inc. 

65 River Street ^.jSjiynPtSj}.^ pottsville, pa. scranton, pa. 

HOBOKEN, N.J. 

•' . BRUNSWICK, GA. 


DESIGNERS AND MANUFACTURERS OF 

Steam Generators— Steam Condens ers -Steam Jet Air Ejectors— Lubricating Oil Coolers— Feed- 
water Heaters— Fuel Oil Heaters— Evaporators— Dlstlllers'^ll Refinery Heat Eschangers— Process 
Industry Heat Eichangers— Strainers— Feedwater Filters— Grease Extractors— Sewage Ejectors— 
Pump8-^>il and Water Separators— Wizard Condenser Injectors— Flowrites—Sallnometer Cocks— 
American Ball Steam Engines— Direct Warm Air Heaters. 


Twenty years of specialized experience 
designing^ building, fabricating and a 
special feature — ^a designing organization 
which also services heat exchangers — 
assures sound design, quality construc- 
tion and economical operation. Conseco 
builds heat exchangers for all types of air 
conditioning systems using, Freon, CO2, 
ammonia, methyl chloride and SO2. 
Maintenance Tubing Service — Conseco 
maintains a highly-trained service organ- 
ization eauipped wdth special tools 
developed by us to save time, labor and 
material, ready for action any time of 
(lay or night, anywhere on the continent. 
Heat exchangers arc retubed or repaired 
in the shortest possible time, and at low 
cost. Tube sheets, tubes, ferrules, all 



Far Freon Service Aboard Ship. 


f. 


Conaeeo heat exchanger inataUatum for ammonia 
eerviee aboard ship. 


types of packing, and other necessary 
materials are always stocked, ready for 
instant shipment. 

The keynote of our service organization 
is fast, accurate, dependable service per- 
formed by competent, properly equipped 
men working under qualified engineering 
supervision. 

Every detail of a Conseco heat ex- 
changer is designed to profit from good 
and bad features uncovered by years of 
service work on units of every type and 
make. This has resulted in the produc- 
tion of simple, efficient units, low in orig- 
inal cost and inexpensive to maintain. 

Conseco engineers wdll be glad to serve 
you. If you want fast action, write, 
phone or wire. 



For Freon Service Indtutrial, 



Conseco COt heat exchanger inetallation, Stardev 
Theatre, Philadelphia, replaced double tube unit shown 
above it. 
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Heat Transfer 
Products 


The Patterson Kelley Company, Inc. 

124 Warren Street East Stroudsburg, Pa. 

Offices or Representatives in Other Principal Cities 
New York Office, 101 Park Avenue, Zone 17 


PATTERSON PRODUCTS 

for the 

Heating Field 

Hot Water Storage Heaters 
Instantaneous Heaters 
Combination Heaters 
Heat Reclaimers 
Heat Exchangers 
Condensers 
Convertors 
Fuel Oil Heaters 


PATTERSON PRODUCTS 

for 

Air Conditioning 
and 

Refrigeration 

Freon Coolers 

Water, Brine and other Coolers 

Condensers 

Slug Eliminators 

Balance Loaders 

Defrosting Systems 


All of the above units are in the class of **heat transfer equipment and it is in this 
class that The Patterson -Kelley Company has been specializing since 1880. Its 
products are carefully engineered and constructed of properly selected matt'rials 
according to the most modern manufacturing methods. Literature describing any 
product will be sent on request. 

If you have any requirement involving any type of heat transfer cquiiimeiit, let us 
know. Our engineers will be glad to study your problem and recommend the proper 
type and size of unit. 



Patteraon Freon Cooler-Dry Expansion Type 


Note the freon chamber machined from solid billet of rolled carbon steel with sepa- 
rating partitions welded in place. There arc no exposed welds. New Bulletin on 
request. 
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A-enoriN CoRPOfti^TioN 

410 So. Geddes Street • 

Syracuse 1, N. Y. 

AEflOfIN 

Standardized Light-weight Heat Exchange Surface 

Branch Offices 

(CLEVELAND. CHICAGO, NEW YORK, PHILADELPHIA, DETROIT, DALLAS, TORONTO 


Aerofin is tho modern Standardized 
Light-Weight Encased Fan System Heat- 
ing and ('ooling Surface originated by 
Fan Engineers to meet the presemt and 
future requirements of this highly 
specialized field. All Standard Aerofin 
Units are furnished as completely en- 
cased Units, ready for pipe and duct 
connections. The patented casings are 
built of pressed steel and are exception- 
ally strong and rigid, protecting the Unit 
from all the strains of pipe connections 
and expansion or contraction in service. 
The casings an? flanged on both faces, top 
and bottom, and template punched for 
bolting together adjacent Units, or for 
duct connection. 



Aerofin Non-freeze heater (Fig. 1) is 
non -freeze, non-stratifying spiral fin coil 
built into casing for air conditioning 


units or for installing in ducts. May be 
installed horizontally or vertically. 
Used on any two-pipe steam system for 
preheating or reheating. Modulating 
control on preheaters. 

Available in 13 lengths and 3 widths, 
from net face area of 2.76 sq ft to 26.28 
sq ft. 



Fig. S 


Flezitube Aerofin (Fig. 2) is distin- 
guished from all other developments by 
its off-set tubes, so arranged as to absorb 
all expansion and contraction strains. 

Headers —Steel. 

Tubing— ?-8 in. O.D. copper, admiralty 
or aluminum. 

Joints — Where admiralty or copper 
tubes are used together with bronze or 
steel headers tubes are brazed to headers. 
Where both aluminum tubes and headers 
are used tubing is welded to headers. 

(-asings— Copper, aluminum or galvan- 
ized iron. 

Design — Constructed wdth headers on 
opposite ends making possible installa 
tion of units with tubes horizontal or 
vertical. 
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Aerofin Corporation 


Air System Equipment 


HaatTnuufcr 



Fig. S 


Universal Aerofin (Fig. 3) is distin- 
guished by its bend construction of 
tubing, units designed with steel headers 
on opposite ends, the ends of the “S’* 
bends being connected thereto by com- 
pression nuts, the bends taking care of 
the expansion and contraction of the 
tubing. 

Recommended where close control is 
desired. 

Headers — Pressed steel. 

Tubing — 1 in. O.D. copper or admi- 
ralty. 

Casings — Copper, aluminum or galvan- 
ized iron. 



Fig. 


Booster Aerofin — straight tube type, 
single pass construction for pressures 
from 1 to 200 lb gauge. 

Headers — steel. 

Tubings — ^ in. O.D. copper. 

Casings — copper, aluminum or gal- 
vanized iron. Recommended where 
small coils are needed or to raise the air 
temperatures in branch ducts. 



Fig. 4 


Aerofin Heavy-Duty Industrial Heating 
Coll for use where extra-rugged cell is 
needed for close control. Steam pres- 
sures from 25 to 450 lb gauge; temper- 
atures to 550 F. 

Headers— Pressed steel. 

Tubing— 1 in. O.D. heavy copper. 

Casings— 12-gauge galvanized iron. 



Fig. 6 


Narrow Width Aerofin: (Fig. 6) recom- 
mended for water cooling or for flooded 
Freon systems. Made in straight tubes 
only with headers on opposite ends, joints 
between headers and tubing being 
brazed. Construction similar to Flexi- 
tube Aerofin. 
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Aerofln Corporation 


Air System Equipment • 



Fig. 7 


Aerofin Continuous Tube Water Coils 

(Fig. 7) are designed for air cooling by 
circulating cold water through the 
Aerofin and air over extended fin 
surface. Made for either horizontal or 
vertical air flow. 

Tubes and fins are copper, completely 
tinned with permanent metallic bond 
between fin and tubes. Headers arc 
made of steel and casings of heavy gal- 
vanized iron or copper. 

Tested to KK) lb steam, followed by 
450 lb air with coil submerged in water. 



Fig, 8 

Aerofin Cleanable Tube Units (Fig. 8) 
for cooling only made with headers re- 
movable to permit cleaning tubes. 
Recommended for use where sediment or 
scale forming chemicals are present in 
the cooling water. 

Headers — Cast iron. 

Tubing — Copper or admiralty. 

Casings— Copper or galvanized iron. 



Fig. 9 


Aerofin Direct Expansion Units: (Fig. 
0) Centrifugal Header Type — For cooling 
air, using Freon expanded directly into 
the coil. 


AEROFIN Sizes 

Flexitube: 13 standard lengths, three 
widths, one and two rows deep. 

Narrow : same as Flexitube. 

Universal: 17 standard lengths, two 
widths, one and two rows deep. 

Continuous Tube : 13 standard lengths, 
three widths, 2-3-4-5 and 6 rows deep. 

Cleanable Tube: 17 standard lengths, 
one width, 2 and 4 rows deep. 

Direct Expansion: Centrifugal Header 
— 11 standard lengths, three widths, 
2-3-4-5-6 rows deep. 

Steel Supporting Legs: 18 in. and 24 in. 
high . Punched same bolt hole centers as 
standard casings. Quickly attached. 
No other foundation required. 

Sale: Aerofin is sold only by manu- 
facturers of nationally advertised Fan 
System Apparatus. List upon request. 

Write Syracuse for Heating Bulletin 
G-32; Direct Expansion Bulletin DE-34 
on refrigeration type units; Continuous 
Tube Bulletin C. T. 34 for Water Cooling 
Coils; or phamplet on Cleanable Type 
Aerofin for cooling. 
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The G & O Manufacturing Company 

138 Winchester Avenue New Haven, Connecticut 


GdO 

SQUARE FIN TUBING 

STRAIGHT LENGTHS— U-BENDS— CONTINUOUS COILS 


THE use of INDIVIDUAL fins results in high effieieney in heal transfer from 
primary tube surface to secondary fin surface. 

Fins of any size or shape may be obtained giving any desired proportion of jirimary 
and secondary surface. 

A square fin has about t30 per cent greater surfac(‘ than a round fin of a diameter 
equal to one side of the square. 


Individual fins permit of any fin spacing 
along tubes. 



A — Generous Fin Collar provitles largt' ; 

contact area between Tube and Fin. ■ 
B — Tube expanded against Fin Collar; ; 
insures mechanically tight joint, 
made permanent by bond of high ' 
temperature alloy — complete thermal , 
contact. ' 

C - Free air-flow passages; non-clogging. ! 


also, of using fins in groups at intervals 


STANDARD SIZES 


O.D.of 

Tube 

Fin Size 

Fin Spac- 
ing per Inch 

Surface per 
Linear Fool 

w 

Jg" Hq. 

0 

0.80 Mj. ft. 



G 

O.GOHq. ft. 

Vb^ 

r’d. 

G 

0.87 aq. ft. 


!»/ r’d. 

G 

1.55 aq. ft. 



G 

2.40 .Mq. ft. 

r 

2^" 

G 

4.00 aq ft. 


2?8'^r’d. 

4 

2.33 .sq. ft. 


RADIATING ELEMENTS FOR ALL HEAT TRANSFER PURPOSES 

G&O Finned Radiation Coils for industrial applications are available in a wide 
range of sizes. 



Univeraal U-102 Standard Wo. 10 

Send for Catalog and Price List 
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The Rome-Turney Radiator Company 

Erie Blvd. East Rome, N. Y. 

ROME 

Heat Transfer Surface 

In New York City bee United Conditioning Co., In Philadelphia bee W. II. Bunten, 

74 Varick St. 1206 Hamilton St. 

In St. Louih bee Brass and Copper Sales Co., In Buffalo see J. Landers, 

2817 Kuclid Ave. 170 Franklin St. 



Rome Seamless Copper Finned Tubing 
Rome Helical type has a continuous flat 
copper fin free of corrugations. It is 
ideal for Blast Air Heaters, Refrigeration 
Condensers and other compact coils. 
Rome Spiral type has continuous slightly 
corrugated fin. Most suitable for appli- 
cations refiuiring longer length tubes. 



Home Conveetor and Encluaure 
Ideal for forced hot water 


A complete range of sizes is available. 

Tube Diameters (O.D.) from i in. to 
If in. 

Fin widths from . to f in. 

Number of fins from 3 to 12 per inch. 

Coils— furnished from continuous 
lengths of tul)e with or without joints. 

Long straight lengths, hard temper, up 
to 25 ft long. 

Long straight lengths, soft temper, in 
circular coils. 



Cutaway section showing 
replaceahle header construction 
of copper heating dement. 


Rome Convector railiators are the modern light weight seamless copper tube heaters 
for homes and offices, unusually sturdy and built to most rigid specifications, they 
have been usful in many thousands of successful installations. 


Our Engineering Department will be pleased to help you 
with your design of heat exchange equipment. 
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Shaw-Perkins Manufacturing Company 



Pittsburgh 19, Pa. 


CONVECTOR-RADIATORS 


Developed far beyond ordinary types of radiators and convectors, the Shaw-Perkins 
units have brought to radiation pleasing appearatice and greater operating economy. 
Users have been particularly impressed by their highly efficient heat distribution. 
Installed in homes, ships, hospitals, office and industrial buildings. Because the 
heating medium in Shaw and Perkins convector -radiators is confined in heavy copper 
tubing and rugged non-ferrous compression fittings, these units arc entirely free from 
the corrosion that attacks less durable metals. 



The Shaw Construction 

The heat from the steam or hot water 
contained in the copper tube is conducted 
through all the steel radiating fins over 
which large quantities of low tempera- 
ture air pass constantly and joins with 
the radiant heat from the exposed metal 
surfaces to produce a quick and econom- 
ical form of comfortable warmth. 


The Shaw Convector-Radiator 

The Shaw Convector-Radiator is an attrac- 
tive self-contained unit requiring no cabinet or 
expensive recessing. Occupies little floor space 
and harmonizes with modern decoration. 
Designed to operate on high or low pressure 
steam or forced hot wa- 
ter. Frequently' the high 
pressure steam feature 
alone justifies its selec- 
tion for with such an in- 
stallation smaller heat- 
ing units and piping are 
required resulting in con- 
siderable installation and 
operating savings. 

Wide air spaces between 
smooth steel fins induce 
the movement of large 
volumes of low tempera- 
ture air thereby assisting 
in the fast and even dis- 
tribution of heat through 
the room. 

Because of its high heat output, it com- 
bines sturdy construction with a weight 
less than half that of ordinary exposed 
radiators of the same capacity. 



The Perkins Convector-Radiator 

A Modem Industrial Heati^ Unit for High or Low Pressure Steam 

This Advanced Radiator embodies a 
heavy copper tube arranged in the form 
of a continuous coil to which are mechan- 
ically bonded a series of steel plates, the 
whole assembly being locked into a rigid 
unit by a combination of tic rods and 
spacers. 

The Perkins convector-radiator has 
been designed to move large volumes of 
low temperature air in order to pro- 
duce quick, uniform, economical heating. 

The amount of air is greater than that of 
other types of radiators. 

It is designed for operation on either high or low pressure steam. At high pres- 
sure the heat emission is greatly increased, so there is a reduction in the number of 
heating units and auxiliary eouipmcnt. Furthermore by modulating the pressure of 
the steam, the heat output oi tnese radiators may be made to balance the heat loss 
of the building under varying conditions, resulting in a remarkable steam economy. 

Representatives in principal cities. Send for catalog. 
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The Vulcan Radiator Company 

26 Francis Avenue * * Hartford 6, Conn. 

MANUFACTURERS OF FINNED TUBES FOR OVER TWO DECADES 


Vulcan Radiation is used 
in railroad cars, ships, hos- 
pitals, schools, churches, 
homes and industrial plants. 
Available in steel or cop- 
per . . . easy to install . . . 
light in weight . . . requires 
few fittings and supports 
. . . tube ends threaded or 
chamfered for welding. Heat 
distribution is uniform. 
Steel radiation comes in two 
sizes . . .2 in. IPS, rated— 
5i sq ft per lineal ft at 1 lb 
steam and 70 deg air . . . 
for li in. IPS see illustra- 
tion — this size also available 
in copper. 



l)i in. U*S, i'aied—4H ft hneal ft. 


Vulcan Radiation is fabricated by mechanically imbedding offset fins or plates on 
seamless steel pressure tube or copper water tube. The patented offset fin construc- 
tion gives complete rigidity to the entire assembly and extends the heating surface 
of the tube. 

Because of its comparatively light weight and compactness, Vulcan Radiation re- 
sponds quickly to thermostatic control . Full heat output is obtained almost immedi- 
ately after steam is supplied. Since most of the heat is given off by convection, the 
result is KVKN^ UNIFORM HEAT from floor to ceiling. 


Vulcan 

Baseboard Radiation ... fin - 

on-tube construction w’ith 
grille covers combines ra- 
diant and convection heat- 
ing. High safe working 
pressure . . . either hot water 
or two-pipe steam systems. 
Light in weight . . . easy to 
install . . . requires few fit- 
tings or supports. Comes 
in two sizes . . . li in. IPS 
. . . steel fins 2J in. wide by 
3J in. high. Rated 4.0 sq 
ft per lineal ft with StM. 
Front. 3.7 sej ft per lineal 
foot with FS front. For 1 
in. IPS see illustration. 
Also available in copper. 



1 in. IPS . . . steel fins S in. wide^ 4H 
in. high. Rated— S.6 sq ft per Itneal 
ft at 1 Ih steam and 70 deg air with Std. 
Front. sq ft per lineal ft with FS 
front. 


Contact Representatives in Principal Cities or Send for Catalog 


1145 







Air System Equipment • 


Baker Refrigeration Corporation 


SALES AND SERVICE 
IN PRINCIPAL CITIES 



South Windham, Maine 
Omaha, Nebraska 
Cable Address: BAKERICE 


BUILDERS OF DEPENDABLE REFRIGERATION EQUIPMENT SINCE 1905 


•PRODUCTS: Ammonia Compressors; Self-Contained Ammonia Units; Self-Con- 
tained “Freon-12” Units; Shell and Tube Condensers, Vertical or Horizontal ; Refrige- 
ration Valves and Fittings; Water or Brine Coolers, Shell and Tube or Multi-Unit 
Type; Coils and Cooler Units of all sizes; Automatic Refrigeration Controls and 
Accessories ; Evaporative Type Condensers. 

BAKER AMMONIA COMPRESSORS | “FREON.12” COMPRESSOR UNITS 


From 1 to 100 tons 
capacity. V-belt 
drive or direct con- 
nection to motoivB 
or engines. Verti- 
cal enclosed sin- 
gle-acting type, 
puple.x or multiple 
installations to ob- 
tain any desired 
capacity. 

BAKER 

AMMONIA COMPRESSOR UNIT 

Model F6H from 
lYz to 20 hp. Bore 
and stroke 3)/^ in. 
xS^ijiii, Four cyl- 
inders, reciprocat- 
ing single acting 
type. Force feed 
lubrication. Tim- 
ken Roller Heal- 
ings. This model 
available in single or multiple compres- 
sor or condensing units as desired. 

BAKER “FREON-12” UNITS 

“Freon-12” Units 
of the self-con- 
tained automatic 
type from to 20 
Hp capacity in sin- 
gle units. Fur- 
nished in air- 
cooled type to 20 
hp and water- 
cooled type 3 to 20 
hp. 


.Arrangcul for use with 
evaporative type con- 
denser or separately 
mounted shell and 
tube condensers. 
Sizes from 3 hp to 20 
hp. Two and four 
cylinder types. Au- 
tomatic controls. 


BAKER AMMONIA BOOSTER 
COMPRESSORS 

For sub-z(jro tempera- 
turework. Lubrica- 
tion under pressure. 
Single or multiple 
compressor installa- 
tions. V-belt or di 
r(»cl driv(\ Large gas 
manifold at ctmipres- 
sor suction ports al- 
lows complete filling 
of cylinder at variable 
speeds. 

BAKER SHELL AND TUBE 
CONDENSERS AND COOLERS 


e d single 
units to 150 
tons, mul- 
tiple units 
any capac 
ity. Shells 8 
in. or 50 
in. diam- 
eter. Re- 
movable heads. Vertical or horizontal, 
singlepass or mult ipass. Brine or water. 








Baker Also Manufactures a Complete line of Industrial-Type Cooling Units, 
Ammonia Valves, Screw-End Fittings, Capped Valves, Flanged-Type Fittings 
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Curtis Refrigerating Machine Division 

0 / Curtis Manufacturing Company 

1959 Kienlen Avc., Sfc Lotiis 20, Mo., U. S. A. 

Ehtabliahisd 1864 


Full Line of Units 
from to 30-hp 


j Hii|=h d t =| 


Unit Coolers and 
Evaporator Coils 


PRODUCTS: Complete Refrigerating Equipment for Dairies, Creameries, Ice Cream 
Cabinets, Ice Cream Making Plants, Cold Storage Locker Systems, Walk-in Coolers, 
Drinking Water Systems, Commercial and Low Temperature Cooling, Processing and 
Air Conditioning Installation, Packed and Remote Types. 


Commercial Refrigeration 



* f ' 2 h-p Self -Con laine'i 

Coridenumy VnH. 


' ' I hp Air Cooled Condensii 
Vntt. Other sizes from 
M to d hp. 


Air cooled condensing 
units from H to 3 hp, 
inclusive, and water 
cooled units from to 30 
hj), inclusive. All models 
available for either Freon 
(F-12) or Methyl Chlo- 
ride. Mechanical ad- 
vantages include Timken 
Hearings, Centro-Ring 
Positive Pressure lubri- 
cation. 

Special models are 
available for ice cream, 
frozen food cabinets and 
for the dairy industry. 


5 hp Water Cooled (Counterfloir) 
Condensing Unit. Other sizes 
from H to 5 hp. 



Air Conditioning 

For today’s Air Con- 
ditioning requirements 
Curtis offers complete 
packaged, refrigerated 
air conditioning units, 
requiring only water and 
(’lectrical connections to 
i nstall . Cools , dehumidi- 
ties, circulates and filters 
the air. Eliminates 
costly installation ex- 
pense. Adaptable for 
heating. 


15 hp Cleanable Shell and Tube 
Condensing Unit. Other sizes 
from S to SO hp. 



7} 2-10-15 ton Remote or Central 
Type Air Conditioner 





S and 6 ton Packaged Type Air 
Conditioner. 
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Atlanta 

Boston 

Buffalo 

Charlottr 

Chicago 

Cincinnati 

Dallas 

Detroit ’ 

Kansas City 

Los Angeles 


Frick Company 

(Incorporsted) 

Air Condltloniiig, Refrigerating 
and Ice-Making Equipment 


Distributors in 


Waynesboro, Penna. 


Principal Cities 


Memphis 
New Orleans 
New York 
Oklahoma City 
Palatka 
Philadelphia 
Pittsburgh 
St. Louis 
Seattle 
Washington 



Endoaed 

Freon~tg Machine. 
Bulletin 608. 



Endoaed 

Ammonia Compreaaor. 
Bulletin 118. 



**New Edipae" 
Freon~18 Compreaaor. 
Bulletin 100. 



AIR CONDITIONING 

Complete Frick Systems; also refrig- 
eration for use with equipment supplied 
by others. Thousands of installations 
attest the value of Frick air conditioning. 

Successful experience with exacting com- 
mercial and industrial jobs enable us to 
solve your problems. 

FREON-12 REFRIGERATION 

Frick “New Eclipse** and the larger 
F-12 compressors provide a complete and 
efficient line. Coils, coolers, condensers 
and controls to suit. Patented Flexo- 
Seal at shaft, pressure lubrication from 
submerged pump, capacity controls, and 
other superior features make Frick 
machines your logical choice. 

AMMONIA REFRIGERATION 

Combined units and vertical enclosed compressors, with two 
or four cylinders, in sizes from i-ton up. Widely used for air 
conditioning, with material savings. Ask for Bui. 503 on this 
subject. 

LOW-PRESSURE REFRIGERATION 

Commercial and industrial units in sizes from 4 hp up. 
Charged wdth rreon-12. Air and water-cooled condensers. 
Coils, coolers, and air conditioners. Get in touch w th your 
Frick Distributor; ask for Bui. 97. Our service includes 
estimates, layouts, manufacture, installation, and mainte- 
nance. 



Ash for Frick Bulletina 
602, 60S, 604, and 606 
on Air Conditioning 



Two of Three **Neiw Eelipae** Compreaaora of the Braaa Rail Reataurant, New York City 
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Mario Coil Co. 

6135 Manchester Ave.. St. Louis 10, Mo. 

Manufacturers MARLO-HEAir..^. 

Sitif tMs * \ RANSFER Equipment 

Industrial Coolers— Unit Coolers— Evaporative Condensers— Low Temperature Units— 
Air Conditioning Units— Heating and Cooling Coils— Cooling Towers— Diesel Engine 
and Oil Evaporative Coolers. 




UNIT COOLERS 
Pull-through (DUG) and 
Blow-through ((JC) 
types — for all refriger- 
ants. 11 unit sizes— 4 
and 6 row coils — full 
range of capacities. 675 
to 4160 cfm — Venturi fan 
ring— Deflector louvers. 
Sturdy — Economical — 
Quiet. Also Wall Panel 
Type. Write for Bul- 
letins 412 and 392. 


COOLING TOWERS 
Triple-Type: Induced 
Air— Wetted Surface- 
Water Spray. Com- 
pact in space, weight 
and price. Outdoor 
—Indoor— 3 to 100 tons 
—Built sectional ly. 
Write for Bulletin 406. 

""evaporative 

CONDENSERS 
3 to 100 tons — All re- 
frigerants — ^All prime 
surface coils— No fins 
— Quiet — ^Motor Uni- 
drive. Indoor or out- 
door units— Durable 
construction. Write 
for Bulletin 404. 



INDUSTRIAL 

COOLERS 

15 unit sizes — 1000 to 
24,000 cfm — Floor 
type. Galvanized 
frame and pans — Sec- 
tionally built. Vari- 
ables : (1) Rows of coil 
and fin spacing. (2) 
Circulating brine 
spray or dry coil. (3) 
Defrost sprays op- 
tional. (4) All Refri- 
gerants. Write for 
Bulletin 403. 



BLAST COILS Air conditioning — Industrial Refrigera- 
tion — ^Heating. Any material — All refrigerants — Every 
application. “BALL-BONDED” — mechanically ex- 
panded tubes to fins. Write for Bulletin 396. 



AIR CONDITIONING UNITS 
Cooling — Heating — Dehumidify- 
ing — Humidifying. 10 sizes — ^3 to 
35 tons— 900 to 13,000 cfm. Ceil- 
ing suspended or floor types. 
Write for Bulletin 409. 


ELECTRIC 
DEFROST LT 
UNITS 

Compact ceiling type 
— High capacity — 

Low cost. 7 sizes — 
Ammonia or Freon — 
to 2^ tons at 12 
deg TD. Defrosted 
electrically. Quickly 
installed — Sectional 
doorway-sized. Write 
for Bulletin 408. 



(U.S. Patent 
2266373) 
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Servel, Inc. 

Electric Refrigeration Division 
Evansville 20, Indiana, U.S.A. 
“Powered by Servel” Identifies A Better Product 

SERVEL SUPERMETIC 



Send Supermetic 3 HP condensing unit, 

Servel offers a complete line of her- 
metic condensing units designed for all 
popular requirements in the commercial 
refrigeration and air conditioning field. 
Sizes range from H to 5 hp, with a wide 
selection of both air and water cooled 
models. 'Servel Supermetic units arc 
compactly construcited of highest 
quality materials. They have been use- 
tested in more than a hundred thousand 
installations. Each unit is backed by 
over a quarter century of experience in 
the manufacture of dependable, trouble- 
free refrigeration equipment. 

Through careful workmanship, simpli- 
fied design 
and many 
new im- 

provements, 
Servel Su- 
p e r in e t i c 
condensing 
units are 

today out- 
standing for 
dependable 
operating 
efficiency , 
ease of in- 
stallation 
and economy of maintenance. All mov- 
ing parts are machined and finished to 
microscopic accuracy, thus assuring long 
and dependable service. Force-feed lu- 
brication on every bearing, wrist pin and 
piston provides a constant fflm of oil to 
guard against wear and prolong the life of 
every vital part. 

Electrical accessories and inter-con- 
nections are fully connected ready to run. 
All units are completely dehydrated, and 



Fractional HP Power Units 
i HP to i HP. 


furnished with holding charge of 
Freon-12 refrigerant and normal charge 
of Servel approved oil. 

FOR MANUFACTURERS AND CON- 
TRACTORS — Servel offers a choice of 
complete units, power units and “ sys- 
tems for practically all types of fixture 
requirements. Servel Supermetic is 
ideally suited for window units, room 
coolers, store coolers. Three fractional 
hp power units for air conditioning and 
other high temperature applications in- 
clude models DN (approximately 
ton); K2A (approximately 3 2 ton); F2Q 
(approximately *34 ton). Integral IIP 
sizes include models Ci4A (1 ton); J4F 
(l-}4 ton); K6F (2 tons); N6D (3 tons); 
P6K (5 toiis). Truck body builders also 
find ^kirvel Supermetic fully meets their 
requirements for dependable, low- 
ope rating cost refrigeration. 

ServePs Engineering Department will 
be glad to cooperate in a selection of 
components ami extend product testing 
assistance in its factory laboratories. 
Sample units are available to responsible 
manufacturers without obligation. Field 
sales representatives will be glad t.o make 
appointments for consultations on these 
matters upon request. 

FOR DISTRIBUTORS— Servel offers 
its complete line of hermetically sealed 
and belt-driven condensing units to all 
parts of the world through franchised 
distributors and authorized retailers. 
Sales and service assistance is extended 
these customers by field representatives 
and factory personnel . ServePs national 
advertising assures acceptance every- 
where. 

Address inquiries to Servel, Inc., FJlec- 
tric Refrigeration Division, Evansville 
20, Indiana. 



Four and six-cylinder power units 
1 HP to 6 HP. 
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2310 Superior Ave. Cleveland 14, Ohio 


DESIGNED and Engineered for 
MAXIMUM PERFORMANCE 



EnginoenHl to inc(3t all modorn needs and proof -tested for performance, REX Blowers 
sot the pace for leadership by better design, smooth operation and trouble-free 
service. You can give your equipment an added sales feature by using REX Blowers 
•it’s a feature you cannot afford to overlook. 



Outstanding Features Of 

The REX Blower Line 

Accessible, long-lasting 

oiling element . 

The new streamlined bearing bracket with 
the sight-feed oil gage, and oil reservoir cap 
near the top of the blower, permits ease 
of lubrication. This revolutionary bearing 
holds 2 to A times as much oil as conventional 
bearings. 

Adjustable cutoff . . . 

Equally efficient against high or low resis- 
tances by simple adjustment. 

A wide opening of the blower outlet pro- 
duces better performance against low 
resistance and a narrower opening in the 
outlet is more efficient against high resist- 
ance. The adjustable cutoff provides a 
simple method of meeting this problem. 


Rigidity . . . 

The e.xtra heavy construction of the new REX Blower line, insures sturdiness. 
Cross-bracing maintains alignment and quiet operation. 


Reliable . . . 

The operating record of thousands of REX Blowers which are in actual operation 
on air conditioning equipment, is the best testimonial of their reliability. 

For Complete Information, Write for Catalog No. 247 Which Contains Complete Per- 
formance & Specification Data. 
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Aladdin Heating Corporation 

2222 San Pablo Ave., Oakland 12, Calif. 

Manufacturers of Centrifugal Blowers, 

Heating and Ventilating Equipment. 



FC Fan BB Fan EX Fan 


The Aladdin FC Fan having a forward curved rotor is built in 14 standard sizes, single 
or double width, of 8 arrangements of drive and 8 directions of discharge. The low 
tip speed which is characteristic of this fan makes it ideal for general application 
where quiet operation is essential. Write for Bulletin No. 490. 

The BB Fan is a backward curved fan with the non-overloading horsepower char- 
acteristic. This fan is built in 12 standard sizes, single or double width of 8 arrange- 
ments of drive and 8 directions of discharge. These fans are available in class I, II, 
III or IV and can be built for special application where required. Write for Bulletin 
No. 485. 

The EX Fan is used chiefly for the conveying of materials, fume exhaust, etc. These 
fans are reversible and can be furnished in 13 standard sizes of 8 arrangements of 
drive and 8 directions of discharge. They can be desirable for special applications 
such as for handling abrasive materials or for acid fumes. Write for Bulletin No. 460. 
The RB Fan having a radial curved rotor is used chiefly for kitchen exhaust duty. 
They are well suited for handling grease and other sticky materials, also for exhaust- 
ing fumes and vapors from tanks, hoods, etc. This fan is built in 12 sizes, single 
width only, of 8 arrangements of drive and 8 directions of discharge. Write for 
Bulletin No. 450. 

Fuseair ceiling outlets are manufactured in a complete range of sizes both in the 
supply type and the combination supply and return type . These units arc f abricat ed 
from spun aluminum and all standard units are given an aluminum finish. Write for 
Bulletin No. 520. 

Aladdin manufactures several types of forced air furnaces in a complete range of sizes. 
Many years of experience combined with the “know how*^ of our technical staff is 
reflected in the performance of these units. All Aladdin Forced Air Furnaces feature 
a large blower to insure the utmost in quiet operation. Write for Bulletin No. 500. 

RB Fan Forced Air Furnace 
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American 



coc® 


Corporation 


3606 Mayflower Street, Jacksonville 3, Florida 

Exhaust Fans and Related Equipment for Industrial andflome Cooling. 

District Salrb Managers : 

East Central— Kurt Sprengling, Southwest— J. D. Clowe^ Whitewright, Tex. 

2002 Dallas Ave., Cincinnati 24, Ohio West Central — Karl P. Schulze, 

South Atlantic — Robert A. Magee, 231 Phosphor Ave., New Orleans 20, La. 

7402 Columbia Ave., College Park, Md. 


COOLAIR BELT DRIVE FANS are 
specifically engineered to move large 
volumes of air quietly and at low cost. 

CERTIFIED RATINGS. Air delivery 
ratings are in accordance with ASHVE 
Standard Test Code for Centrifugal and 
Axial Fans (1938). 

SOUND ABSORBING SPRINGS, a 

patented Coolair feature, assure ex- 
tremely quiet operation. SKF ball bear- 
ings in all models. 



TYPE O — for industrial, commercial and 
home use. Reversible. U. S. Patent 
2191418. Fans with smaller motors 
listed are spring mounted. 



TYPE OT (Twin)— This unit often fits 
perfectly where limited space prevents 
use of a single fan large enough for the 
job. U. S. Patents 2109838, 2191418. 

TYPE S— For large industrial jobs. 
Heavy-duty double frame construction, 
pillow-block ball bearings. 

Write for special bulletins and catalog 
sheets on above units, and the following 
equipment not shown here: Window 
Fans, Attic Packages, Shutters, Direct 
Drive Fans, 


PERFORMANCE DATA and DIMENSIONS 
Coolair V-Belt Drive Exhaust Fans 


Fan 

Q.R.* 

hp 

rpm 

cfm 

Nom. 

Overall Dim. 

Size 

Size 

Ht. 

Width 

2-0 

A 

D 

1/4 

1/3 

570 

630 

6200 

6800 

26 

301 

30! 


B 

1/4 

411. 

8000 




2J-0 

C 

1/3 

454 

8800 




D 

1/2 

522 

10100 

32 

361 

36! 


D 

3/4 

600 

11700 




B 

1/4 

312 

10000 





C 

1/3 

345 

11000 




3-0 

C 

1/2 

308 

12700 

38 

421 

42! 


D 

3/4 

450 

14400 





D 

1 

500 

16000 





B 

1/3 

261 

13000 





C 

1/2 

300 

15000 




34-0 

C 

3/4 

345 

17000 

44 

49 

49 

D 

1 

380 

19000 





D 

14 

440 

22000 





B 

1/2 

258 

19000 




4-0 

C 

3/4 

317 

22000 



55! 


D 

1 

353 

25000 

50 

551 


D 

14 

405 

28000 





B 

1/2 

224 

22000 





C 

8/4 

265 

25000 



61! 

44-0 

C 

1 

276 

27000 

56 

611 


D 

14 

310 

32000 





D 

2 

356 

35000 





B 

1/2 

■200' 

27000 





C 

3/4 

225 

30000 




6-0 

C 

1 

245 

33000 

62 

67| 

67! 


C 

14 

282 

38000 





D 

2 

310 

42000 





D 

3 

355 

48000 





B 

1/4 

455 

9800 



61! 

2-OT 

C 

1/3 

500 

10800 

26 

301 

Tviin 

C 

1/2 

570 

12400 





B 

1/3 

359 

14000 



73! 

24-OT 

Twin 

C 

C 

1/2 

3/4 

411 

470 

16000 

18200 

32 

36! 

3-6t 

B 

1/2 

312 

20000 


42! 

85! 

Twin 

C 

3/4 

360 

23000 

3^ 

34-OT 

B 

m 

272 

"27800 


49 


Twin 

C 

1 

300 

30700 

44 



B 

1 

258 

3^ 



110! 

4-OT 

C 

14 

317 

44000 

50 

55! 

Twin 

D 

2 

345 

48000 





B 

1 

155 

35000 





C 

14 

177 

40000 


75! 

75! 

6-S 

C 

2 

195 

45000 

72 


D 

3 

224 

50000 





D 

6 

270 

60000 





B 

2 

'ifo 

58000 




7-S 

C 

3 

105 

67000 


87 

87 


D 

6 

230 

76000 

84 


D 

74 

270 

85000 





B 

3 

150" 

80000 




8-S 

C 

5 

178 

95000 


99! 

99! 


D 

74 

205 

110000 

96 


D 

10 

225 

120000 





B 


150 

110000 





C 

74 

170 

125000 


112! 

112! 

9-S 

D 

10 

190 

138000 

108 


D 

15 

215 

154000 





• Q.R.. QUIETNESS RATING. A— Adjustable 
for quietness. B—Very Quiet, for homes, etc. 
C— Qttirf, for stores, offices, etc. D— Industrial. 
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Bayley Blower Company 

1817 S. Sixty-Sixth Street Branches in Principal Cities Milwaukee 14, Wis. 

Builders of Heating, Ventilating, Cooling, Purifying, Humidifying and 
Air Washing Equipment; Exhaust and Drying Apparatus, Mechanical 
Draft and Blast, Fans and Blowers of all T3rpes 



TYPE “F” PLEXIFORM FANS AND 
TYPE -‘AP*’ AEROPLEX FANS 

Plcxiform and Aeroplex Fans arc both designed 
for heating, ventilating and air conditioning 
service. The Type “F” fan is using a multi- 
blade wheel (see cut at left) while the type 
“AP" fan is built around a w'heel of high speed 
design (see cut at right.) 



The wheels determine the 
character of the perform- 
ance or the fan “Character- 
istics,” thus the Type “F” 
is a slow speed fan haying a 
rising power curve, while the 
“AP” is a high speed design 
and has self -limiting power 
characteristics. Both fans 
are highly efficient and can 
be built single inlet, single 
width, or double inlet. 



double width in ten different 
arrangements of drive and 
eight directions of dis- 
charge. The standard fans 
range in capacity from 1200 
to 300,000 cfm and these fans 
are readily available in 
Class I or II designs for vari- 
ous types of duty. Class 
III and IV can be furnished 
on special application . 


Type “EX” Fans 

For all exhaust problems, pneumatic 
conveying, fume exhaust, etc. “EX” 
is highly adaptable, 
feasible and serviceable 
fan. It is sturdy in con- 
struction, easily installed 
and maintained. The 
design is reversible and 
standard sizes Nos. 15 
to 80 inclusive are 
available. 


Type “H” Fans 

For pressure applications from 6 in. 
to 42 in. for belt drive 
or direct connection 
to motor, Type “H” is 
a most practical de- 
sign. Standard sizes 
Nos. 25 to 80 are 
listed but the design 
is suitable for modi- 
fication of wheel di- 
ameters to meet 
I various motor speeds. 




Both “EX” and “H” fans can be designed to fit specific applications. The. design 
permits easy modification of details and the fans can be used for induced , forced draft, 
cupola service, primary or secondary air supply to oil burners, etc. Special details, 
outlet and inlet, or mounting can be designed to suit your special assembly. 

Turbo Spray 


The Turbo Spray for industrial and 
comfort conditioning, cooling and 
humidifying, is a practical design as the 
atomization is by mechanical means, 
thus there can be no clogging or inter- 
ruption of service even in atmosphere 
heavily laden with fibers or other foreign 
material. Single or multiple bank 
washer, one or two stage designs can 

be furnished 
from 2500 to 



100,000 cfm 
capacity. To 
fit space re- 
quirements 
width and 
height can 
be modified 
to suit. 


Chinook & Chinookfin 
Both Chinook and Chinookfin Coils arc 
based on the tube-within-a-tube design, 
originated by Bayley. The principle 
involved permits single header with all 
tube ends free expanding, thus elimi- 
nating the likeli- 
hood of freeze 


ups and cracking 
usually due to ex- 
pansion and con- 
traction strains. 
Both tyne coils are 
designed for usual 
hot blast heat- 
ing and cover 
a wide range 
of^capacities and 
applications. 
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The Bishop & Babcock Mfg. Co. 

Massachusetts Blower Division 

4901 Hamilton Ave. « ^ Cleveland 14, Ohio 



SQUIRREL CAGE AND POWER FIXED FANS 

Squirrel Cage Fans, outstanding in performance, 
slow speed characteristics. 

Power Fixed Fans arc backward curve blade 
type, with non -overloading characteristics. 
Double width, double inlet. Class I or Class II 
construction, built in a wide range of sizes. Rating 
and dimension tables available. Write for ca alogs. 


The new Design 2 Air Conditioning Furnace Blowers are now 

available, with a wide variety of stock combinations and dis- 
charge arrangements. They can be furnished in special widths 
or in multiples. Also available are wheel assemblies, housings 
and housing sides. Write for catalog. 



Unit Heaters. Blow^er type. Floor and Ceiling 
type made in 13 standard sizes, with regular or 
non-freeze coils, filter and damper sections. Rat- 
ings from 50,000 Btu up. Propeller Fan type “II,” 

I Horizontal made in 16 sizes. Type “V” Vertical 
f projection for ceiling mounting. Write for cata- 
logs for full information. 


Propeller Fans available with Belt drive with wheel sizes 24 in. to 
48 in. Direct Drive with wheel sizes 12 in. to 36 in. Both types 
available wdth single or 2 speed motor. A complete line of Auto- 
matic Shutters and Fan Houses are obtainable. Write for catalog. 





Ventilating Sets. Series MSV Design 2. Belt Driven, with or 
without motor and drive cover. Type “S” Design 2 are direct 
connected, designed for either supply or exhaust on small venti- 
lation problems. Write for catalog. 
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Buffalo Forge Company 

450 Broadway, Buffalo, N. Y. 

Manufacturers of Unit Heaters, Multiblade Fans, Air Washers, Unit Coolers, Drying 
Equipment, Mechanical Draft Fans, Air Preheaters, Blowers, Exhausters, Disk Fans, 
Spray Nozzles. For Complete Information, Write for Bulletins, or See Your '‘Buffalo’’ 
Representative. 

REPRESENTATIVES 

ALBANY 7, N. F.. R. B. Taylor. 966 Broadway; ATLANTA, GEORGIA, J. J. O’Shea, 306 Techwood Dr.. 
N. W.; BALTIMORE 1, MB., C. A. Conklin III, 1014 Cathedral Street; BOSTON 76. MASSj^ E. D. Johnson. 
507 Main Street, Melrose Station; CHICAGO 6, /LL., Emmert & Trumbo, 20 N. Wacker Drive; CINCIN- 
NATI 2, OHIO,J. W. Twombly, 626 Broadway; CLEVELAND IS, OHIO, Weager & Sherman, 418 Rocke- 
feller Building; DALLAS 1, TEXAS, T. H. Anspache^ Mgr., 1801 Tower Petroleum Bldg.; DAVENPORT, 
IOWA, D. C. Murphy Co., 305 Security Bldg.; DENVER i7,COLO., Hendrie & Bolthoff Mfg. & Supply Co., 
Box 5110; DES MOINES 9, IOWA, D. C. Murphy Co., 840 f’ifth Avenue; DETROIT 16, MICH., Coon-De- 
Visser Co.. 2051 W. Lafayette Blvd.; GREENVILLE, S. C., Roy A. Stipp, 228 N. Main Street; HO USTON 2, 
TEXAS, D. M. Robinson, 407 Scanlon Bldg.; INDIANAPOLIS 4, IND , S. E. Fenstermaker & Co., 037 
Architects* Builders Bldg.; KANSAS CITY 6, MO., VI. K. Dyer, 1808 Federal Reserve Bank Bldg.; 
KNOXVILLE 12, TEW., C. F. Sexton, 702 Empire Bldg., P. O. Box 2224; LOS ANGELES IS, CALIF., 
Frank Halladay, 804 Pershing Sq. Bldg.; LOUISVILLE 2, KENTUCKY, H. M. Lutes, 633 South Fifth 
Street; MEMPHIS, TENN., llumphrey-Wynne Co.. 713 Sterick Bldg.; MIAMI SS, FLA., H. L. McMurry 
& Co., P. O. Box 11 Coconut Grove Station; MINNEAPOLIS 2, MINN., E. Floyd Bell, 2102 Foshay 
Tower; NEW ORLEANS 12, LA., Devlin Brothers. 1003 Maritime Bldg.; NEW YORK 7, N. Y., Koithan & 
Johnson, 39 Cortlandt St.; NEWARK 2, N. J., G. C. Norman, 27 Washington St., Rm. 206; OMAHA 2, 
NEBR., Wain Engineering Co., 415 Brandeis Theatre Bldg.; WILKES-BARRE, PA., Power Engineering 
Co., 617 Brooks PHILADELPHIA, PA., Davidson & Hunger, 1200 Cunard Bldg.; PITTSBURGH, 
PA., H. L. Moore, 345 Fourth Ave.; ST. LOUIS S, MO.,J. W. Cooper, 2118 Pine Stret; SALT LAKE CITY 
1, UTAH, Pace & Turpin, 1726 South Third Street; SAN ANTONIO 6, TEXAS, Langhammer Hum- 
mel Co., 300 Blum St.; SAN FRANCISCO S, CALIF., Chas. W. Lockhart, 1214 Central Tower Bldg.; 
PORTLAND, Oi2E., Arthur Forsyth, 3150 Ellicott Avenue; TAMPA, FLA., H. L. McMurry Co., P. O. Box 
1106; TOLEDO f.O/fiO., Carl M.Eyster, 1118 Madison Avenue; WASHINGTON 6, D. C., G. S. Frankel, 
Mgr., 310 Woodward Bldg.; ROCHESTER 4. N. Y., R. Moyer. 846 Sibley Tower Bldg., Complete Line 
Manufactured in Canadian Branch by Canadian Blower & Forge Co., Ltd., KITCHENER, ONTARIO 



TYPE “LL” FANS. Designed to ventilate large areas 
economically, these fans have the “Limit-Load” character- 
istic which makes motor overload impossible. Manv new 
sizes, to allow exact selection for the job. BULLETIN 
3675. 

AXIAL FLOW FANS. For straight-line duct-mounted in- 
stallation in ventilating or air conditioning service, these 
light, efficient, space-saving fans also have the “Limit- 
Load” feature. BULLETIN 3533-C. 

AIR WASHERS. Available in combinations for air spray- 
ing, surface cooling, heating and filter cleaning to produce 
any desired air condition. Simple installation, mainte- 
nance requirements. BULLETIN 3142-C. 

BREEZO-FIN HEATERS. Economical, attractive units 
finished in dull-lustre metallic brown. Suspended, out of 
the way, they get quick heat where you need it. Heating 
element is one-piece copper tube with squarcj copper fins, 
spaced for maximum radiation. BULLFJTIN 3137-B. 

INDUSTRIAL EXHAUSTERS. Made with sturdy, all- 
welded wheels and housings for more efficient air or material 
handling. Models for hot or corrosive gases. BULLF3TIN 
3576. 

PC CABINETS. Compact air conditioning units for (1) 
simple cooling, (2) cooling and de-humidifying, (3) heating 
and humidifying, (4) continuous air cleaning. Easily ser- 
viced. BULLETIN 502-A. 
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Burden Company 

1000 North Orange Drive, Los Angeles 38, Calif. 
Manufacturers of Fan glades & Blower Wheels 


Burden Blades and Blower Wheels arc designed to oper- 
ate smoothly and efficiently, on a minimum of horse- 
power, and to give maximum volume of air flow. All 
Burden Blades and Blower Wheels are tested for dynamic 
and static balance by the patented Burden Electronic 
Balancer. Burden products are outstanding for their 
low noise level, resistance to corrosive action, slight 
weight and great strength. For specifications of Blades 
and Blower Wheels and for types not listed, write factory. 



4 BLADE PRESSURE 
PROPELLERS 

Have attained national 
recognition for their high 
efficiency. Maximum air 
volume with almost 
silent operation. Light 
weight and balanced to 
add years to motor life. 
Clean and attractively 
finished aluminum 
blades j cadmium plated 
steel huh and spider. 
From 8 in. to 20 in. 
diameter f ANY pitch 
up to 30 deg. 



DOUBLE INLET 
WHEEL 

Available in a variety of 
sizes, from 3 in. to 8t in. 
diameter, 3} in. to 
in. width. 



3 BLADE SEMI- 
PRESSURE 
PROPELLERS 


Smooth and quiet in oper- 
ation, this fan is noted for 
its economy. The initial 
cost is low and only mini- 
mum horsepower is re- 
quired for operation. Its 
engineering simplicity 
and rugged construction 
make it a favorite with 
industrial users, especi- 
ally in the larger sizes. 
Available in S in. to dO 
in. diameters with 
pilches up to 33 deg. 



DOUBLE INLET 
WHEEL 

(Spoke End Ring Type) 
From lOi in. x 8i in. to 
16J in. X 16 in. 


Fabricated from one continuous strip, the vanes of Bur- 
den blower wheels are lightweight out rugged, of uni- 
form pitch and curvature, with excellent high pressure 
characteristics. Exclusive Burden machines and meth- 
ods result in low cost. Each wheel balanced by elec- 
tronic equipment, a Burden feature. 



ATTIC TYPE BLADES 

Quiet and highly eflTi- 
cient, with substantial 
aluminum paddles on 
heavy gage, one-piece 
steel spiders. 

Sizes f SO in., S6 in., 42 
in., 4S in. 

Diameter, 1 in. bore. 



ONE-PIECE FREE 
AIR BLADES 

New, broader blades de- 
signed to give maximum 
cfm from smallest frac- 
tional motors. Attrac- 
tive appearance in bright 
finish aluminum or can 
be delivered anodized 
in colors — Red, Copper, 
Green, Blue — at slight 
extra cost. 

Standard sizes are as 
follows :6 in. ,7 in. ,8 in. , 
di ameters . A vailable in 
17 deg, 2S deg, 29 deg, 
pitches. 



SINGLE INLET 
BLOWER WHEEL 
Sizes: 3 in. through Si 
in. diameter; 1} in. 
through 3} in. width. 
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Champion Blower & Forge Co. 

Manufacturers and Engineers 
piant&oiBces: Lancaster, Pa. 

Address Correspondence to Div. 9 

Manufacturers of Blowers, Ventilating Fans and Exhaust 
Fans for Air and Material; and Blast Gates 

Representatives in Principal Cities 



Type S 


Type S Forward 
curve ventilating 
fanS) single and 
double width. 

Sizes 30 in. to 60 in. 
wheel dia. — ► 


Type S Forward 
curve ventilating 
fans, single and 
double width, and 
electric drive up to 36 
in. wheel diameter. 



Type S 



Type BC 



’Type CE Electric 
cast iron exhaust and 
forced draft fans. 
Also volume control 
dampers. — > 


Type BC Backward 
curve ventilating and 
exhaust fans, single 
and double width ; 
belt driven and direct 
connected electric. 

Sizes 12 in. to 60 in. 
wheel dia. 



Type CE 


Type SV Super 
Ventilating fans, 
direct motor drive up 
to 36 in. diameter. 
Motor belt drive up 
to 48 in. size. 


Type A Industrial 
Ventilating and 
domestic attic fans. 
Built in sizes 30 in., 
36 in., 42 in., 48 in. 



Type 8V 
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Chelsea Fan & Blower Co., Inc. 

1206 Grove St., Irvington 11, N. J. 

REPRESENTATIVES 11^ PRINCIPAL CmES 

Charter Member Propeller Fan Trade Mark Registered 

Manufacturers Association 



EXPORTED TO ALL COUNTRIES OF THE WORLD BY WESTREX CORPORATION 


(Western Electric Export Corporation) 



CHELSEA INDUSTRIAL FAN -TYPE IND 


Cat. No. 

C.F.M. j 

i Motor 

~1ND24 

5500 1 

H 

IND30 

8500 

hi 

1ND36 

11200 1 


IND42 

16200 j 

Va 

IND48 

21500 ! 

\ 1 

1ND54 

27000 j 

i iH 

IND60 

320C0 

l/'2 


Fans for corrosive fumes or excessive heat quoted on request. 


This fan is one of the most efficient fans built today. Under static pressure, that 
is, operating in moderate length ducts or against automatic louvers, the Industrial 
fan can move more air with less power than most fans on the market. The carefully 
designed venturi orifice and blades make this efficiency possible. 

The fan is belt-driven for three reasons:— first, to reduce power consumption 
through increased efficiency of higher speed motors ; second, to give more quiet opera- 
tion through reduced fan speeds; third, to reduce original cost of fan to consumer. 

The frame is all steel, welded to a steel orifice. It is rigid, yet light in weight, sim- 
plifying installation. 

On special order, these fans can be built to operate against static pressures up to 2 in. 


TYPE OPJ— OCTOPUS JR. 
Portable Exhauster and Blower 



3-4'^ HOSES 
CFM Per Hose 
10' =■ 412 60' - 297 


TYPE DXB-BOOSTER 
Spray Booths, Fumes, 
Excessive Heat 



16" to 36" 

2000 to 9500 CFM 


BB— ALL PURPOSE 
Removes Smoke, Steam, 
Heat and Fumes 



12" to 30" 
1200 to 7000 CFM 


Bulletins and Engineering Data 
furnished on request 


Air Delivery Ratings of ail Chelsea Products are 
in accordance with the Standard Test Code for 
(Centrifugal and Axial Fans of the Propeller Fan 
Manufacturers Assn, and the American Society of 
Heatino and Ventilating Kngineeks. INSIST ON 
CERTIFIKD RATINGS. LOOK FOR THIS SEAL. 
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DeBothezat Fans Division 

American Machine and Metals, Inc. 

Main Office and Factory — ^East Moline, Illinois 

In Canada: American Machine and Metals (Canada) Ltd., 1144 Weston Road, Toronto, Ontario. 
Foreign Sales Office: Woolworth Building, New York 7, N. Y. 

SALES ENGINEERING OFFICES IN ALL PRINCIPAL CITIES 


Certified Wind Tunnel Ratings •Non-Overload Power Characteristics 

EFFICIENT AGAINST PRESSURE , FUME REMOVAL 


DeBothezat Axial- 
Flow Fans are built in 
a wide range of 
sizes, from 16 inches 
through 12 feet in di- 
ameter. Volume fans 
(4 blades) are for low ■ 

to moderate static j 

pressures. Pressure i 

Axial-Flow fans (14 blades) are j 

Vent Set fQj. Jjjgh static pres- ; 

sures, up to 2 inches SP. Non-overload- 
ing power characteristic prevents motor 
burn-out and eliminates need for over- 
size motor. All DeBothezat Axial-Flow 
Fans have certified performance ratings. 
Catalog furnished on request. 

DeBothezat Giant Fans, 5 feet through 
12 feet in diameter, are suitable for gear, 
belt or direct drive, for use with 
electric motor, steam turbine or gasoline 
engine. Catalog furnished on request. 

CONTROLLED VENTILATION 



Power-Flow Roof Ventilator 

Motor driven fan with weatherproof 
housing provides positive controlled 
ventilation at all times, independent of 
wind or weather. Streamlined aj^pear- 
ance, low height. Operates efficiently 
with or without duct system. Hinged 
hood permits ready access to fan and 
motor. Available in four sizes, with fan 
wheels 16 inches through 36 inches in 
diameter. Catalog furnished on re- 
quest. 



Bifurcator {Cut-away view) 


For exhausting air that is abnormally 
hot, corrosive, flammable or explosive. 
Motor is mounted in separate, through- 
ventilated chamber completely isolated 
from air stream. Destructive fumes are 
by -passed (bifurcated) around motor. 
DeBothezat Bifurcators install directly 
in the duct, in any position from hori- 
zontal through vertical. Available in 
eight sizes, with fan w'heels 18 inches 
through 48 inches in diameter. Catalog 
furnished on request. 

SPOT COOLING 



'Hy-V" Air Jet 


DeBothezat “Hy-V** Air Jets are ex- 
traordinarily efficient man coolers, par- 
ticularly for workmen who are exposed 
to radiant heat from ovens, furnaces, 
forges and molten metals. Arranged for 
either column or floor mounting, they are 
adjustable to blow a concentrated blast 
of cooling air in any direction to remote 
spaces without the aid of ducts. Avail- 
able in 18 inches through 30 inch sizes. 
Catalog furnished on request. 
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General Blower Company 

8622 Ferris Ave., Morton Grove 5, HI. 

Engineering Offices in all Principal Cities 



FOR BETTER AIR MOVING RESULTS USE 
GB LUNGS FOR INDUSTRY 

Engineering • Manufacturing • Application of Blowers, Fans 
and Exhausters • for Blowing • Heating • Cooling • Con- 
veying • Aerating • Separating • Agitating 

More than 20 years’ experience in the construction 
of Blowers, Fans, and Exhausters for leading Indus- 
trial Users in widely diversified fields. 



A — Turbo Blowera 


Engineering skill and integrity in the Building and 
supplying of Centrifugal and Rotary Positive typos 
of Blowers, Exhausters and Gas Boosters enables us 
to supply you with the type of equipment best suited 
to your particular need, whether “standard” or 
“custom built.” 

We maintain Sales Engineering offices in all large 
cities. It is desirable and advantageous to consult 
with our local engineering re})resentatives on all types 
of air-handling applications. They are at your serv- 
ice to help with your problems and to bring the engi- 
neering skills and resources of the General Blower 
Company to 3 ^our organization. 

Write for our new, illustrated Products Bulletin 
“LUNGS FOR INDUSTRY” 



B—Sted Plate Exhaudera 



C —Wdding Fume Exhauatera 



E—Exhauat Fana 

ii6i 


F— Rotary Poaitive Blowera 


D—MuUMade Exhauatary 
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Hunter Fan & Ventilating Co., Inc. 

Exclusive Fan Makers Since 1886 

400 S. Front Street, Memphis, Tenn. 


B08TON-178 Federal 8t. Sales Offices 

Chahlottb, N. C. — 1410 Norma St., Scotland Hills 
Chicago— 6340 North Western Ave. 

Cleveland— 1900 Euclid Ave. 

Dallas— 614 N. Boulevard Terrace 
Denver— 1644 Blake St. 

Detroit— 634 Selden Ave. San A 

Kansas City, Mo.— P. 0. Box 8164, Plaza Station 


nceS New Orleans- -507 Pan American Bldg. 

New York — 43 Warren St. 
Orlando, Fla.— 818 Irma St. 
Philadelphia— 600 S. Delaware Ave. 
Pittsburgh— 4 Smithfield, Suite 1216 
Saut Lake City— 41 Post Office Place 
San Antonio— 218 Chevy Chase Dr., Terrell Heights 
St. Louis— 216 North 17th St. 


BELT DRIVEN PROPELLER FANS, WINDOW FANS, AIRSPREADS, 
CEILING FANS, OSCILLATORS, LIGHT DUTY EXHAUST FANS. 


For Home or Industrial Ventilating and Cooling Service 

Consult the Hunter Representative nearest you or write the Hunter Fan and Venti- 
lating Company, Inc., P. 0. Drawer 2858, Memphis 2, Tennessee, for our manual which 
contains ventilating and cooling methods and installation details. Our Engineering 
Department wdll assist you with your air cooling or ventilating problem. See our 
section in Sweet’s. 

FEATURES 

Ball bearing throughout Certified air delivery ratings 
Designed for installation are in accordance with tests 



in any position 
Streamlined orifice — in- 
tegral part of 14 gage 
steel frame 

Heavy die formed blades 
— balanced to assure 
(luiet, vibrationless oper- 
ation 

Long life, ball-bearing 
motors with built-in ther- 
mal overload protectors 


are in accordance with tests 
by A & M College of Texas 
using Standard Test Code 
for Centrifugal and Axial 
Fans of the A.S.H.V.E. and 
PFMA. 

Underwriters* Laboratory 
Label with re -inspection 
service 

Fan guaranteed for five 
years — Motor guarantec'd 
for one year 


Cat. No. i 
Complete Unit. 

C.F.M. Del. 
Static Pressure 
Zero 1 lio'" 

Blade 

Diameter 

Fan 

R.P.M. 

Motor Specifications 

H.P. 1 Volts 

Overall 

Dimonsionb 

Fan Crate 

Ship- 

WmeStH 

50-AXB 

75-BXB 

10-DXB 

14-FXB 

18-HXB 

18-HXB-3 

5100 

7500 

11400 

16000 

20000 

22500 

3800 

5500 

8300 

12000 

14200 

18400 

24^ 

ao'^ 

se'' 

42'^ 

48" 

48" 

580 

420 

360 

340 

295 

330 

j 

i> 

i 

4 

1 

1 

115 

1 115 

115/230 

115/230 

115/230 

115/230 

34 x34 xl8" 

42ix42ix21" 

484x481x21" 

54ix54{x25r 

601x601x251" 

601x601x251" 

122 

177 

197 

279 

309 

319 



NOTE : 22CM40 volt, 3-phase motors in all sizes except i H.P. available at no extra charge. Two-spoed motors 
available at extra charge. 

Package 

Attic Fan Window Fan 

Hunter package r- . . i i- 

attic fins are lar.--- ^ two-spoed di- 

offered in two rcct-drive window 

sizes — 7500 cfm 1 fan which delivers 

and 2^, 4250 cfm on high 

Cd fS veiS- '* 

cal discharge, on low speed. The 

with manually- fan cabinet is 32 

operated shut- in. x 32 in. x 9 in. 

ter. Automatic lock and release inecha- 
iiism starts and stops the fan as t 

shuttcr opens and closes. The unit is a-ble mounting brackets permit the fan to 
complete wdth fan, motor, shutter, and be installed in any average size window, 
trim. No accessories are required — Louvres in the compact light ivory 

3 1™ r"'” 

or for year round ventilation of many and are streamlined for smooth quiet air 
different applications. fiow. 


Window Fan 

fan which delivers 
4250 cfm on high 
speed and 36(K) cfm 
on low speed. The 
fan cabinet is 32 
in. X 32 in. x 9 in. 
overall. Adjust- 
able mounting brackets permit the fan to 
be installed in any average size window. 
Louvres in the compact light ivory 
colored case offer beauty and protection 
and are streamlined for smooth quiet air 
flow. 
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ILG Electric Ventilating Co. 

2876 North Crawford Ave., Chicago 41, 111. 

Offices in more than 40 Principal Cities 

Propeller Fans, Centrifugal Fans, Unit Heaters, 
Kitchen Ventilators, Night CcK>llng Fans 




ILG Direct-Connected Self -Cooled 
Motor Propeller Fans 

Used for exhaust of stale air, fumes, heat, dust, odors, 
etc. Self -cooled motor combines protection of en- 
closed motor with low operating cost of open motor — 
constantly cooled by fresh, clean air, circulated in- 
ternally — never “gums-up** from contact with foul 
air — saves 5 to 10 per cent on power costs. Rugged, 
heavy-duty framework. Dynamically -balanced fan 
wheel, direct-connected to motor. Smooth, quiet, 
effortless operation — economical, long lived. ‘‘ONE- 
NAME-PLATE*’ Guarantee. Certified ratings. 
Sizes, Sin. to 72 in. 


ILG Direct-Connected Centrifugal Fans 

Type “BC” — Load-limiting type with backward curved 
blades. Motor load remains constant over wide range of air 
volume and change in static pressure. Wheel mounted 
directly on motor shaft with motor partially recessed in side 
of casing. No motor base required. Unobstructed inlet. 
10 sizes. Also available for belt-drive in 12 sizes. 




Type “B” 

Volume Blowers 

Small volume, low pres- 
sure, quiet running. Multi - 
blade wheel direct-connected 
to motor shaft. Cast iron 
base. Universal discharge. 
12 capacities. 


Type “P’’ 

Volume Blowers 

For exhausting dust, 
fumes, removal of steam, 
vapors. Four discharge 
positions to avoid fric- 
tion in short bends. 7 
capacities. 




Type “6S” 

Utility Blowers 

Designed for building 
into apparatus which re- 
quires ventilation or air 
movement . Extremely 
flexible in arrangement, 
furnished with or without 
inlet flange, outlet flange 
stand, etc. 



Kitchen Ventilators 


Night 

Cooling 

Fans 



Built-in becomes^ per- 
manent part of kitchen 
wall. Quiet high capac- 
ity, efficient, equipped 
with ILG Self-Cooled 
Motor. 3 sizes. Also 
models for window in- 
stallation. 
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Portable model for use at 
attic or downstairs win- 
dow. For permanent in- 
stallation in attic, use 
ILG Self “Cooled Motor 
Propeller Fans (top of 
page). 
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JOY MANUFACTURING CO. 

General OflSces: Henry W. Oliver Building, Pittsburgh 22, Pa. 
MANUFACTURERS OF VANEAXIAL FANS 


DOHBSTIC OFFICES 

Birmingham, Ala. 

920 Fifth Ave., N. (Crandall Eng. Co.) 
1814 First Ave., N. (Shook and Fletcher) 


Boston 15, Mass. 
Butte, Mont. 
Centralia, III. 
Chicago, Illinois 
Commerce, Okla. 
Dallas, Texas . . . 
Denver 2, Colo 


Brookline Ave. 
24 W. Granite St 
Fifth and Chestnut 
2315 S. Michigan Ave. 
. Ill Commerce St. 

6540 Himes Blvd. 

..1626 Wasee St. 


» • • • • • • • vv hJvm 

. (Schloss and Shubart) . 1626 Wazee St. 


Duluth 2, Minn. . 

El Paso, Texas . . 

Fairmont, W. Va 

Forty Fort, Pa. 
Huntington 14, W. Va. 

Knoxville 2, Tenn 

Lob Angeles 11, Cal. . 
Middlebboro, Ky. 

New York 7, N. Y. 
Philadelphia 3, Pa. 
Pittsburgh 13, Pa. 
Portland 9, Ore. 

Salt Lake City 1, Utah. 
San Francisco 2, Cal. 


1 E. Michigan St. 
117 N. Kansas St. 

P.O. Box 1046 

... 155 Welles St. 
. 742 Eighth Ave. 
. ..108 W. Main St. 
2900 Santa Fe Ave. 

501 N. 19th St. 

30 Church St. 

1617 Pennsylvania Blvd. 

4107 Sennott St. 

1631 N.W. Thurman St. 
117 W. 2nd South St. 
. 155 Fell St. 


St. Louis 10, Mo. 

Seattle 4, Wash. 

Spokane, Wash. 

Washington 5, D. C 

IN CANADA 

Galt, Ont. 

Hailbybury, Ont. . . . 

Toronto, Ont. 

Calgary, Alta 
Montreal, Que. 

Noranda, Que. 

Sydney, Nova Scotia 


4120 Clayton Ave. 
3410 First Ave., So. 
1118 Ide Ave. 
1427 I St., N.W. 


175 Beverly St. 
Ferguson Ave. 
. . 208 Simcoe St. 

902 Ninth Ave., West 
5929 Decarie Blvd. 

54 14th St. 

295 George St. 


EXPORT OFFICES 
New York 1, N. Y. . . Empire State Bldg. 
London WI, England . 6 Carlos Place 

Paris, France 18 Ave. Parmentier 

Brussels, Belgium 15 Rue de Grand- Hospice 
Johannesburg, So. Africa . 21 Sauer St. Ext. 

N’Dola, Nor. Rhodesia 

Joy Sullivan (Africa) (Pty.) Ltd 
Sydney, N.S. W’. Australia Scottish House 

Mexico City, Me.x ... Ramon Guzman 51- K 
Antofagasta, Chile . . . Casilla 570 

Rio de Janeiro, Brazil 

C'aixa Postal, 54, Copacabanu 


AND MORE THAN 500 DISTRIBUTORS THROUGHOUT THE WORLD 


SERIES 1000 AXIVANE* INDUSTRIAL AND COMMERCIAL FANS 


Joy Series 1000 adjustable blade 
AXIVANE* Industrial fans are available 
in 124 sizes ranging in volume capacity 
up to 100, OCX) cfm with pressures up to 
9.6 in. W. G. Housing diameters range 
from 18 in. to 60 in. For complete speci- 
fications, construction details, and selec- 



Bladea are a^tuUMe on tko Job 
by loooening one lock ntU 


tor charts giving pressure -volume range 
for each fan, write for bulletin number 
J-605. 

Joy AXIVANE* Series KXK) fans are effi- 
cient, quiet, compact, flexible, and easy 
to install. 

ADJUSTABLE BLADES 

Joy AXIVANE* Industrial Fans have 
the extra performance flexibility of ad- 
justable blades. Adjustable blades are 
standard equipment on all Series 1000 
fans. The factory blade setting can be 
quickly changed to provide either a wide 
pressure range for any particular volumi? 
or a change in volume simply by loosen- 
ing a lock nut with a wrench, setting the 
blades uniformly with the indicator, and 



Cutout drawing ohowing location of motor and com- 
pact eonatruetion 
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Hear view, showing vanes and motor 


Front vieu', shovnng simplicity of construction 


retightening the lock nut. A permanent 
stop prevents setting blades in a position 
likely to overload the motor. Minimum 
blade settings are limited by the fan 
housing. 

Adjustable blades permit on-the-job 
correction for unpredictable duct resist- 
ance or for poorly installed duct work. 

MORE EFFICIENT 

Stationary straightener vanes, located 
immediately behind the rotor, partially 
recover the rotative energy imparted to 
the air by the rotor, and re-establish 
axial flow to the air leaving the vanes. 
This eliminates excess turbulence at the 
point where the air enters the duct sys- 
tem and increases efficiency by decreas- 
ing pressure loss. 

The Joy AXIVANE* fan utilizes an aero- 
dynamically efficient blade and station- 
ary vane design. 


AXIVANE* fan, installed on an in-line 
connection with ventilation ducts, paral- 
lel to and close by an overhead structure, 
may require 70 per cent less space than 
a conventional belt-driven centrifugal 
fan. The compactness of a Joy A&- 
VANE* fan assures a maximum of net 
operating or rentable area. Fan rooms 
are virtually eliminated. 

EASIER TO INSTALL 

The Joy AXIVANE* Series 1000 fan de- 
v(ilops a greater volume and pressure fier 
pound of fan and motor because of its 
compact, in-line construction. This 
light weight permits a simplicity of in- 
stallation that minimizes installation 
costs and total weight by eliminating 
heavy foundations, complex duct off- 
sets and elbows, drives, and guards. 
AXIVANE* fans can be installed quickly 
and easily, even by relatively inex- 
perienced or un-skilled labor. 


QUIETER OPERATION 


MATCHED ACCESSORIES 


For equal weight and space the Joy 
AXIVANE* fan is quieter than a centrif- 
ugal type fan of equal volume and pres- 
sure. The streamlined airflow from an 
AXIVANE* fan makes sound insulation 
a simple and inexpensive operation 
when required for the ventilation and 
air conditioning of quiet spaces such as 
hospitals, auditoriums, radio stations, 
etc., where insulation against system 
noise must be used. 

MORE COMPACT 

Joy AXIVANE* fans arc built around the 
motor, the fan housing becoming an ac- 
tual part of the duct system. This pro- 
duces a more compact ' design than is 
possible with a centrifugal fan. An 


Inlet bells, screens, and fan supports 
are accessories designed to fit all AXI- 
VANE* Fan housings. In ordering, it 
is only necessary to state the model 
number with or without the accessories, 
as desired. If required with accessories, 
these will be furnished to fit the fan 
model ordered without special number. 

No matter how carefully a duct system 
is planned, an incorrectly selected inlet 
bell will reduce fan efficiency by increas- 
ing intake turbulence. This excess tur- 
bulence will also increase the noise level 
of the fan. When a fan takes its air 
directly from the weather, a plenum, a 
fan room, or from a duct system larger in 
circumference than the fan housing, a 
bell should be used. 

•Reg. U. S. Pain Off. 
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Fane tad Blowen 
Blower Wheela 


The Lau Blower Company 

2007 Home Avenue, Dept. H, Dayton 7, Ohio 
Engineers and fabricators of general Air Handling Equipment 
Blower Assemblies • Blower Wheels • Propeller Fans • Accessories 


NEW Series Blower Assemblies 

The Lau Series “A” Blower Assembly — re- 
sult of years of exhaustive tests of all types 
of blowers—years of research and design 
evolution — ^is the all-time, outstanding 
achievement in the blower field. Greater 
mechanical strength. Greater efficiency. A 
more compact unit (overall size considerably 
smaller than formerly). Will fit more jobs. 
Embodies many new and revolutionary 
features exclusive with Lau. Includes new 
3-point suspension type bearing bracket — 
an integral part of the shroud — identical for 
various angles of discharge. New friction- 
less, self-aligning bearing — completely en- 
cased in Neoprene. New center suspension 
wheel (see below). New discharge outlet 
design and construction . Cut-off cannot set 
crooked on outlet. No wavy edges. F’aster 
installations. New 1 -piece motor mounting 
easily convertible, rear to top or vice versa, 
by simple use of two sheet metal scree’s. 
Many other features. Complete range of 
sizes. P^very size tested and rated for per- 
formance in accordance with A.S.H.V.IO. 
and N.A.F.M. Codes. 

NEW Series “A” Blower Wheels 

New center-suspension wheel tested and proved by us to 
have greater mechanical strength, truer concentricity, 
and far more efficient performance than ordinary types 
of wheel. Complete details supplied to interested par- 
ties upon request. | 

Propeller-type ‘‘Niteair” Fans 

For a wide variety of applications where it is necessary 
or advantageous to exhaust undesirable air and provide 
fresh air from the outside. PJqually applicable for indus- 
trial, commercial, residential and farm building installations. lOfficicnt and econom- 
icaUnc^ od for correc ting irinuinerable air-control problems—removing dust -laden, 

foul, contaminated, excessively hot 
gases, smoke. 

air through living and sleeping rooms for 
greater summer comfort. Venturi-type en- 
trance housing reduces air'^drag” and turbul- 
ence— eliminates most common cause of ‘'air 
noise.” 6 sizes — 18 in. to 48 in. 






Self-aligning Pillow Blocks 

Catalog, performance data, specifications, and prices available on request on above 
and other air handling equipment. Inouiries solicited for any application. Our 
engineers will gladly assist you. Write^DepU H regarding your requirements. 
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Pans and filowars 
Blower Wheels 


Morrison Products, Inc. 

A 2S Year Firm 

* 

East 108 Street and Waterloo Road, Cleveland 10, Ohio 



MORRISONIAIRSTREAM BLOWER 

WHEELS— A/ ode Exclusively for original 
equipment manufacturers in heating, ven- 
tilating and air conditioning. 

Morrison Airstream Blower Wheels 

arc double width — double inlet in stand- 
ard diameters from 10 in. to 16 in., and 
in width from 6 in. to 16 in. 

One-Piece Blade Construction. Three- 
Piece Balanced Assembly — one-piece 
blade and two pressed rings wit h integral 
hubs welded together. 


Equalized Weight Distribution with 
end mounting. No shaft whip — reduced 
deflection. 

Available with Morrison Airstream 
Blower Wheels is Complete Engineering 
Service. Included are templates, shop 
drawings, tables, data, cost analysis, 
graphs, charts, sources of comi)onent 
parts. Housing Square's and Scroll Sides 
available for Low Cost .\ssemblies. 

Catalogs: Morrison Blower Wheels, 
Morrison Engineering Service, Morrison 
Cost Analysis Estimate Book— Copies 
Mailed Upon Request. 
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I NEW YORK 
BLOWER 
COMPANY 


GENERAL OFFICES 
3145S OUTH SHIELDS AVENUE • 

FACTORIES oi LAPORTE. IND .nd 


CHICAGO 16 

CHICAGO, ILL 


Representatives in Principal Cities 

FANS • BLOWERS • UNIT HEATERS • MAKE-UP AIR UNITS 
AIR WASHERS • HEAVY DUTY HEAT SURFACE 



Make-up 


Mis— 15,000 cfm 

A unit that delivers, warmed, filtered, 
outside air to industrial spaces to re- 
place exhausted air and balance minus 
pressure. Corrects draft conditions and 
uncontrolled infiltration. Made in 4 
sizes from 5,000 cfm to 20,000 cfm. 
Described in Bulletin 4SS. 

Type ME Centrifugal Fans 

Capacities up to 
101,000 CFM 

Slow speed wheels 
offered from 7i to 
15 in. and 36 to 66 
in. Capacities up 
to 70,000 cfm. 
Quiet operating 
medium speed 
wheels with non- 
overloading horse- 
power characteristics for heating, ven- 
tilating and air conditioning or industrial 
applications. Wheel diameters from 18 
in. to 66 in., with any speed or discharge 
required. Class I, II, III or IV con- 
struction. Write for Bulletin 4^1^ 1 



Comet Unit Heaters 
Heavy duty, 
welded steel, fin- 
and-tube heating 
element. Suitable 
for continuous 
heating service on 
steam pressures up 
to 150 lb or more. 

9 sizes with capac- 
ities from 31 Mbh 
to 300 Mbh. 

Bulletin 4^5 

Comet Exhaustair 

Delivers large vol- 
umes of air at low re- 
sistance and low cur- 
rent consumption. All 
wheels are machine 
balanced for smooth, 
vibrationless opera- 
tion. Made in two 
types and eight basic 
sizes. Wheel diam- 
eters from 12 in. to 60 
in. Direct or belted 
drive. Capacities from 400 cfm to 22,000 
cfm. Auk for Bulletin 4^2. 

Type GI Industrial and Heat Fans 
For dust and gas re- 
moval, conveying of 
materials and hand- 
ling hot gases. Hous- 
ings, drives, and dis- 
charge arrangements 
to meet any require- 
ment. Wheel diam- 
eters from 16 in. to 66 
in. Capacities from 
450 cfm to 60,500 cfm. 

Details and engineering data in Bulletin 

482 , 





Steelfin Hot Blast Heating Surface 

Extra heavy duty, 
fin-and-oval tube, all- 
steel, welded con- 
struction. A hot dip 
metallic coating over 
all, including headers, 
affords perfect bond- 
ing and conductivity. 
Suitable for continu- 
ous heating service on 
steam pressures up to 
150 lb. 



General Purpose Fans 

Portable, self-con- 
tained units for 
Class I industrial 
and ventilating ap- 
plications. Rec- 
ommended for ease 
of installation, low 
maintenance and 
space saving fea- 
tures. Made in 
three types and 
eight basic sizes. Capacities 400 cfm to 
18,000 cfm. Bulletin 481. 
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PROPELLAIRDiv. 


ROBBINS & MEYERS. INC. 
1947 Clark Boulevard 
SPRINGFIELD, OHIO 

VENTILATING SPECIALISTS IN ALL PRINCIPAL CITIES 



For Ducts, 
Walls, Win- 
dows, Hoods, 
Roof Venti- 
lators 




PROPELLAIR 

DIRECT-CONNECTED 

FANS 

For use wherever motors may operate 
within the air stream, from free air to 
medium and relatively high resistance. 
A compact, durable design with fan 
having two to six blades. Sizes: 12 in. 
to 60 in. Capacities: 800-85,000 cfm. 


Type “CD.” 


For Heat, 
Acids, Alka- 
lies — Fumes, 
Gases, Dust 


BELT-DRIVEN PROPELLAIR DRUM-TYPE 


A complete fan unit in short duct section 
ready for installation in lines from 20 in. 
to 48 in. diameter. Type “CS” may be 
used for severe acid or alkaline condi- 
tions, explosive fumes and gases. Type 
“CSV,” for excessive temperatures, cir- 
culates outside air through belt and fan 
shaft tubes to keep drive and bearings 
cool. Also furnished without duct sec- 
tion. Capacities: 4100 to 43,000 cfm. 



For Roof 
Ventilation 
PROPELLAIR 
VERTICAL 
EXHAUSTER 

Dependable and 
economical power 
roof ventilators. 
Butterfly dampers 
open wide the in- 
stant fan is 
started, close auto- 
matically as fan coasts to a stop, offer 
virtually zero resistance as heat, fumes, 
moisture, dust shoot high into air. Rain 
is prevented from entering by fan when 
operating. Drainage gutter prevents 
leakage when dampers are closed . Sizes : 
20 in. to 60 in. Capacities: 3700 to 
77,000 cfm. 


For Heat, Moisture, Fumes, Dust, 
and Gases 

PROPELLAIR EXTENDED-SHAFT FANS 

This design locates motor outside air 
stream when fan is installed in duct at 
right angle turn, elbow, “Y,” or offset. 
Simple installation usually can be sup- 
ported by duct without auxiliary brac- 
ing. Drive shaft is enclosed anci sealed 
within steel tube. Sizes: 12 in. to 60 in. 
Capacities: 2000 to 68,000 cfm. Type 
“CE.” 



For Cooling Men and 
Materials 

PROPELLAIR PEDESTAL 
& CRADLE-MOUNTED 
FANS 

Pedestal -type, high 
velocity mill type 
portable fans have 
sturdy steel drum pro- 
tected front and rear, 
formed steel base, rig- 
id support, and crane 
hook. Also made 
with adjustable cra- 
dle mounting (Type 
“CU”). Capaciti^ 
to 20,650 cfm. 


AIRFOIL-SECTION BUdes 

Airfoil Principle Entrance Ring 

Propellair fans have airfoil - 
section blades with varia- 
tions of pitch, curvature, 
and thickness to compensate 
for different lineal speeds of 
points at various radii. Air 
movement is uniform over 
whole fan area. The Propel- 
lair curved entrance ring 
eliminates eddy currents; 
helps efficient Propellair blades deliver 
highest pressure and volume. 
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Schwitzer-Cummins Company 

1145 E. 22nd Street 

INDIANAPOLIS, U. S. A. 

Engineers and Manufacturers of Centrifugal Blowers and Blower 
Wheels— Attic Fans— Exhaust Fans— Ventilating Fans of all Types 


PRODUCTS OF THE VENTILATING DIVISION 

HY-DUTY BLOWERS FRESH-AIR MAKER FANS 



Over a hundred models to fit the big majority of 
ventilating and cooling jobs — applicable as well to speci- 
fications where the fan or blower is to be built into a 
manufacturer’s product — designed for fine performance, 
quiet operation — all ruggedly built and simplified for 
reasonable cost. 


• HY-DUTY BLOWERS-wheel diameters— 8 V 2 in.- 
25 in., single inlet, double inlet. Blower Wheels — 
in.~50in., single or double inlet — our sizes or your speci- 
fications — galvanized wheels a specialty. 



• FRESH-AIR MAKER— ATTIC FAN— 24 in.-48 in., 
ball bearings for vertical or horizontal positions. 

• FRESH-AIR MAKER— EXHAUST FANS, PORT- 
ABLE FANS. AD JUSTABLE WINDOW TYPES - 12 in., 
16 in., and 20 in. — 3 speed- large output-good looking- 
bcaulifully balanced. 

Send for catalog on standard models or submit your 
engineering specifications. 
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^ Trade-Wind Motorfans, Inc. 

5725 So. Main St. “**“• *" 

stock By Many 

Los Angeies 37, Calif. . ElecWcal jobbers 



CLIPPER BLOWERS 



Phantom View of Model IdOI shows parlxtum which 
iholates motor from air stream, increasing motor life. 

The Trade-Wind Clipper Blower is a 

small rapacity ceiitrifuKal blower, pri- 


marily US(*(1 


Model 1401 Clipper Blov>er, single wheel, 
vertical discharge, with "'dripless” grille 

The assembly is inherently quiet and is 
installed rigidly in the structure without 


exhaust application. ! need for resilient mountings or flexible 


While used e.vtensively for home kitchen 
v(‘ntilation, it is widely used for other 


duct connections. Variable speed con- 
trols are available on single wheel models 


applications. Many thousands of these I for the purpose of controlling variable ai 


units have been in service ten years or 
more in school toilets, therapy and treat- 
ment rooms in hospitals and clinics, 
dental laboratories, ticket booths, of- 
fices, x-ray and photographic dark rooms, 


capacity. The blower is normally quiet 
at its maximum spe(id. The motor and 
wheel unit is n'lnoved easily without 
tools through the c(*iling inlet opening. 
The patented construction of the (Clipper 


and humlreds of kindred desirable uses. I entirely isolates the motor from th(* air 


This is a “Tiiit Package” assembly, stream. This e\<*lusive feature adds to 
complete with ceiling grille and proper the service life of the motor and ke(‘ps 

electrical connections. It is Under- the motor free from contaminat(‘(l air. 

writers api)roved and listed and carries Write for bulletin on Type K Super Clipper 
a (prorata) fiv(' year 1 for installation in cabinets over the stove, 
guarantee, made po.s- * p,.. a, 

si blc by the use of the , ^ 
high(*st quality elec- i 

trical motor compo- p 

iKMit. The installa- i 

tion requires only the j 

application of a tlis- 
rliarge duct of the 
same dimension jis t he 
outlet collar and the 

optional addition of j. 

Motor and blower as- „ , „,itomatic shutter l,;^o-»pej:d control unit A w 

semhlg easily removed aUlomailC SIlUiLei fUsstandard single switch alh 

without tools. lor the end of the duct . box. 

Selection Chart and Specifications 
CLIPPER BLOWERS— no Volt, 60/50 Cycles, A.C. 


Two-speed control unit 
fits standard singleswitch 
box. 


.1 utomatic shutters arail- 
alle for single and double 
blowers. 


Cat. No. Description Blower CFM* Sim CufT 1 " ‘ 

'S7 ~ S " '”’275 _ TJi'. /joo" 1/30 

ClimL wilSi! 275 .500 . 7.1..4J'. _iOfl^ ,/30 

2501 Horizontal or Vertical 

Duplex Interchangeable Die- 

Co^lete With Grille Wh^lw 425 2500 lOU x 5 1^ W 2/20 

“^thie rating is based on | in. S.P. (W. G.) or the approximate resistance of 30 ft of duct the same size as 
outlet on Blower. The Blower will operate against a maximum of 3/10 in. S.P. with a reduction of approxi- 
mately 40% rated air capacity. 
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The Torrington Manufacturing Co. 


50 Franklin Street, Torrington, Conn. 
Manufacturers of Blower Wheels and Propeller T^e Fan Blades. 




4-Blade Airistocrat Fan Series 



4-Blade Airietoerat Attic Fan “Af” Series 



“E” Series AIRISTOCRAT Fan 
Blades — Outstandingly high efficiency is 
the chief characteristic of this truly new 
fan blade. It delivers more air for any 
given horsepower. Size for size it looks 
bigger, more powerful. 

In impartial tests, eight competitive fan 
blades were recently compared with “E” 
Series blades of the proper diameter and 
pitch. In every case, air delivery was 
sharply increased. Within the same 
space limitations and with the same 
power, the blade delivered as much 
as 28 per cent more air. 

This high efficiency is the result of 
four years of research and development 
which from the beginning was devoted to 
bringing out a superior fan blade. 

Convincing proof of the superior per- 
formance of this new fan may be found 
in the NEMA and NAFM tabhjs prepared 
as a guide to selection. The catalog con- 
taining these tables and specifications 
will be mailed upon request. 


Specifications: Three-blade models in 10 
in., 12, 14, 16, 18 and 20 in. diameters; 
four-blade models 8 in., 10, 12, 14, 16, 18, 
and 20 in. diameters. Five pitches in 
most sizes. Aluminum blades, steel 
spider and hub. Standard finishes. 


AIRISTOCRAT “M” Series Attic Fan 
Blades — Three outstanding features of 
this new dcsi^ are : (1 ) Extremely high 
efficiency, which gives maximum cfm per 
horsepower; (2) knockdown construction 
which drastically lowers shipping costs ; 
(3) quiet operation — a point of major 
interest to the consumer. 

This all steel four-blade fan is manu- 
factured for attic use exclusively, in 36 
in. and 42 in. diameters, in 40 deg pitch 
only. 


4-Blade Airutocrai Auie Fan **B** Series 
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AIRISTOCRAT “B” Series Attic Fan 
Blades have the same proportions, 
proved aerodynamically correct, in all 
diameters. New larger center disc aruL 
heavier spider arms increase strength and 
a new blade shape adds to the appearance 
of this carefully designed product. 
Available in 3, 4 or 5 blades in standard 
diameters 24, 30, 36, 42 and 48 in. All 
steel construction. Available in the 
following finishes: 1. Plain. 2. All one 
color lacquer. 

Pressure “U” Series— Four blade 
models of steel designed for pressure 
operation. Sizes 20 in., 22, 24, 26, 28 
and 30 in. diameters. 

“One-Piece” Airistocrat Fan Blades— 

Exceptionally rigid models blanked from 
one piece of metal. Made in both steel 
and aluminum. Sizes 3 in., 4, 4)^^, 5, 
5^ 2, 6, 6J 2, 8, 9, 10, 12 and 16 in. diam- 
eters, all four blades; also 7, 8, 9, 
10 in. 5-blade. Available in the follow- 
ing finishes: 1. Plain. 2. Lacquered. 
3. Zinc or cadmium plated (steel only). 

Torrington Airotor Blower Wheels arc* 
light, sturdy and inexpensive — incor- 
porate new principles of design and con- 
struction, which insure rigidity and con- 
centricity. Single Width — Single Inlet 
wheel is of simple four-piece construc- 
tion. No rivets or welds are used; 
concentric rib serving cis backing for 
blade strip is formed at same time as 
hub socket, insuring trueness of wheel. 
Pigid radial ribs prevent deflection by 
thrust. Three thicknesses of metal in 
rims make for maximum strength. 
Excellent for many heating and venti- 
lating uses. Manufactured in both 
aluminum and steel in iu., 2, 3, 3S, 
4? ‘2, 6, 6, 73*2, 9 and 1032 in. diameters. 
Clockwise or counterclockwise rotation. 
Same sizes available in DA type double 
width, double inlet wheels. 

Torrington Airotor Blower Wheel- 
Double Inlet— Spider End Plates, lias 
blades punched and formed in a single 
strip, rigidly held by flanged single piece 
end rings. Hubs are rigidly mounted 
by peening. Wheels of 2} 2 in., 3 ®k in., 
and in- diameter are available at 
present. Additional sizes now being 
developed. 



4- Blade Airistocrat Pressure Fan “t/” Serws 



**()nc Piece*' Airistocrat Fan 



Ainttor Blower Wheel- -Single Width — Single Inlet 
Patents S,3St,06S; P,27S,69S Des 126,044 



Airotor Blower Whed Double Inlet— Spider End Plates 
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Utility Appliance Corporation 

FORMERLY UTILITY FAN CORPORATION 

4851 S. Alameda St., Los Angeles 11, Calif. 

Utility Gas-Fired Heating Equipment, Evaporative Coolers and Blowers 



FLOOR FURNACES 

Dual and flat register 
models . . . all -welded 
construction . . . 
vented . . . manual or 
thermostat control . . . 
draft diverter . . . die- 
stamped steel grille. 


■ FORCED AIR 

FURNACES 

Compact design per- 
mits use in basement 
or closet . . . dynami- 
cally-balanced blower 
rubber mounted . . . 
Fiberglas Dustop fil- 
ters .. . heavy gauge 
steel, die-formed and 
welded . . . baked en- 
amel finish. 


UTILITY WALL 
HEATERS 

Delivered ready for 
installation, locked to 
2 in. X 4 in. mounting 
studs . . . fits standard 
4 in. stud wall without 
added furring. Single 
and dual discharge 
models. Thermostat 
or 3-position manual 
control. Vented. 




UNIT HEATERS 

Suspended type. 
Burner, heat ex- 
changer, draft diver- 
ter, motor, fan and all 
other parts self-con- 
tained in enameled 
steel cabinet. Adjust- 
able grilles. 90,000 
and 150,000 Btu 
models. 


EVAPORATIVE 



STANDARD 





!IIR COOLERS 

Comfort cooling 
. . . residential, 
commercial, indus- 
trial . . . dynami- 
cally balanced cen- 
trifugal blower . . . 
uniform water dis- 
tribution to “No- 
Sag*^ cooling pads. 


BLOWERS 

Dynamically bal- 
aiiced, multiple- 
vane centrifugal 
blowers. Four -side 
angle iron frame 
increases rigidity, 
eliminates vibra- 
tion . . .permits in- 
stallation with any 
of four discharge 
positions. 


HEAVY DUTY 
BLOWERS 

or increased air de- 
liveries at higher 
static pressures. Dy- 
namically balanced. 
Rigid construction. 
Single and double 
width. 


BLOWER KITS 

Consist of scroll, 
wheel and bear- 
ings. 9 in. through 
26 in. wheel sizes. 
DIDW, SISW, 
DISW arrange- 
ments in all sizes. 
Dl-iW in 10 in. 
and 12 in. sizes. 
Pulleys and motor 
mounts also avail- 
able. 


Utility Blowers and Coolers are tested in accordance with the A.S.H.V.E. Code. 

Utility heating appliances are A.G,A. approved. 

Write for complete information ^ catalogs and price. 
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Western Blower Company 

Founded In 190B 

Manufacturers of Heating, Cooling and Ventilating Equipment for Public Building, 
Industrial, Commercial and Residential applications. 

Main Office and Plant siim office, in tb. 

1800 Airport Way ,riacjprt citia. w«t 

Seattle 4, Washington ^ nounum.. 


TURBINE MULTIBLADE FANS — forward curved blade, Type TR, for heating, 
ventilating, drying, mechanical draft, etc. Bulletin No. 31. 


TURBINE STREAMLINED FANS — ^backward curved blade, Type S, with non- 
overloading horsepower characteristics, for same general purposes as Multiblade 
Fans. Bulletin No. 30. 


TURBINE ELECTRIC VENTILATING UNITS- direct connected, and PULLEY 
DRIVEN UTILITY SETS — V-bclt driven. For general utility duct ventilating 
systems. Bulletin No. 31. 


WESTERN FURNACE FANS and BOOSTER FANS— for forced circulation of air 
in modern home heating and light ventilating duty. Bulletin No. 60. 

RB VOLUME AND PRESSURE FANS — of the radial blade type, either direct 
connected or belt driven for varied ventilating and conveying applications. Bulletin 
No. 39. 


SLOW SPEED PLANING MILL EXHAUSTERS-^s ingle or double for shaving 
exhaust systems. Bulletin 32-3. 


MILL EXHAUSTERS — motor driven, furnished single or double to suit motor 
speeds. Bulletin No. 32-3. 


SPIROVANE PROPELLER FANS — furnished either direct connected or V-belt 
driven, for commercial or industrial ventilation. Bulletin No. 50. 


WESTERN UNIT HEATERS — vertical and horizontal, for general heating and 
drying applications. Bulletin No. 53. 


VOLUME HEATERS — with one or more centrifugal fans for heating, ventilating 
and air conditioning, available in vertical and horizontal cabinet units with or with- 
out filters. Bulletin No. 54. 


OLYMPIC Heat Exchangers, Converters, Side Ann Heaters, Immersion Heaters, 
Oil Heaters, and Condensate Coolers. 


AIR WASHERS — for cleaning, cooling, humidifying and dehumidifying. 


Bulletins as listed above furnished upon request. 
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Westinghouse Electric Corporation 
SlurlevanI Division 


Air Conditioning, Heating, Ventilating, Dust Control and Fume Removal 
Equipment, Electronic Air Cleaners, Compressors, Mechanical 
Draft Equipment 

Hyde Park Boston 36, Mass. 


Westinghouse-Sturtevant Division 

Manufactures a complete line of air con- 
ditioning, heating, ventilating and air 
handling equipment. Shown here are se- 
lections from the complete line. Individ- 
ual product catalogs are available where 
more detailed information is required on 
an}' item. 

Sturtevant Puts Air to Work 

Equipment designed to “Put Air to 
W.ork” is available for all commercial 
and industrial buildings, to improve com- 
fort and efficiency and to provide indus- 
trial process air conditioning. Applica- 
tions range from the small ventilation 


REFRIGERANT COMPRESSORS 

Hermetically -Scaled, FVeon 12, Type 
CLS refrigerant compressors are de- 
signed for air conditioning and industrial 
refrigeration applications requiring suc- 
tion evaporating temperatures ranging 
from 1Q°F to 50°F. 

Westinghouse Special Features in- 
clude: 

1. Shaft seals eliminated. 

2. Direct drive — no belts, pulleys and 
couplings. 

3. Sealed-in mechanism. 

4. Refrigerant-cooled motor. 

5. Compact size and light weight. 

The hermetically-sealed compressors 
are reciprocating multi -cylinder, in-line 
type in sizes 7} to and including 60 hp; 
iK) deg V-type on the 2, 3, 5, 75 and 1(X) hp 
sizes. They are protected by manually 
reset high and low pressure switch. Driv- 
ing motors are polyphase, refrigerant- 
cooled induction type. Motors arc 
protected by thermal overload protection 
in the De-ion magnetic lincstarters. 

Mounting supports are available to 
permit mounting the compressor and 
suitable Westinghouse water-cooled con- 
denser as a unit. Type CLS compressors 
are made in 12 sizes ranging in nominal 
capacities of from 2 to 100 tons refrigera- 
tion effect. 


and air conditioning systems to the large 
specially engineered installations. 

Engineering Assistance 

Sturtevant offers unbiased engineering 
assistance in the selection of the correct 
product for the speciftc application. 

Many years of experience in the design 
and manufacture of these products com- 
bined with the benefits of close co-opera- 
tion w'ith consulting architects and engi- 
neers, assure you of reliable recommenda- 
tions. 

Offices and Distributors are located in 
all principal cities. Refer to your local 
classified telephone directory. 



Tu>o Cylinder V-Tyjte Compreaattr Type CLS 110/ lUd 



Eighi-Cybnder In-Line Type CompreeHur 
Type CLS-1S20 



Sixteen-Cylinder V-Type Compreaeor Type CLS-2t60 
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Westinghouse — SlurlevanI Division 


EVAPORATIVE CONDENSERS 

Where water is scarce or expensive, or 
its use or disposal restricted, the “Aqua- 
miser^^ provides savings in water con- 
sumption. Westinghouse Aquamiscrs are 
available in sizes to give a range of capac- 
ities from approximately 5 tons to KK) 
tons each, net refrigeration effect. 

WATER COOLED CONDENSERS 

Where sufficient water is available from 
city water supply or cooling tower the 
water-cooled condenser is economical 
and efficient. To economically match 
refrigeration load re(|uirements, West- 
inghouse water-cooled condemaers arc 
available in 14 sizes, ranging in nominal 
capacities from 2 to 1(X) tons net refrig- 
eration effect. 

WATER COOLERS 

For the chilling of water for distribu- 
tion to a number of cooling coils, for 
surface dehumidificrs and for u.sc in in- 
dustrial processes, these efficient water 
coolers range in size from 5 to 110 
tons net refrigeration effect. The cooler, 
located close by the compn'ssor, elimi- 
nates long refrigerant piping. 

HEAT TRANSFER SURFACES 

Direct expansion coils with patented 
refrigerant distributor, chilled water 
coils, steam and hot water coils are avail- 
able in a great many sizes for all types of 
systems. 

AIR HANDLING UNITS 

Two types arc available— a horizontal 
type for ceiling suspension and a vertical 
type for floor installation. In the hori- 
zontal and vertical types, year-round air 
conditioning is accomplished by the in- 
stallation of both cooling and heating 
coils for humidification and cooling or 
heating as required. Ilcffrigerant or 
chilled water is supplied from an exter- 
nal source. 


“Aquamiser** 

Evaporative 

Condenser 


Type EVA 





Type CW 


Water 
Cooler 
Type LC 





Air Conditioning C7nt7, Type AH 
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Westinghouse — SlurlevanI Division 


AIR WASHERS 

Three types are available — Types S and 
H, with one bank of nozzles, used pri- 
marily for humidifying ; Type C, with two 
banks of nozzles, used for evaporative 
cooling, humidifying and dehumidifying. 

FILTER-WASHERS 

Self-cleaning filter-washers employ a 
bank of mineral wool, or glass fiber filter 
pads, in conjunction with water sprays 
to clean and humidify the air. Made in 
72 standard sizes and to specifications. 

SURFACE DEHUMIDIFIERS 

Available for either chilled water or 
directly expanded refrigerant, these wet 
surface units control accurately wet and 
dry bulb conditions in industrial and 
comfort air conditioning systems. Ca- 
pacities range from 2000 to 50,000 cfm, 
with cooling capacities of 5 to 250 tons 
of refrigeration. 

AIR BLENDERS 

Widely used for central air conditioning 
and ventilating systems in commercial 
buildings, the Air Blender mixes cool de- 
humidified air or heated humidified air 
from a central system with predeter- 
mined quantities of recirculated air to 
maintain room temperatures for both 
winter and summer, air conditioning It 
has no moving parts, and is equipped 
with a heating coil for winter operation. 
All units are built with 7 in. front-to- 
back dimensions, and in nominal lengths 
of from 18 in. to 60 in. 

UNIT CONDITIONERS 

Unit Conditioners, Type UC, provide 
year ’round air conditioning-cooling- 
dehumidifying to individual room areas 
in such structures as hotels, apartments, 
office buildings and hospitals. 

For cooling or heating, water is supplied 
at the required temperature from a cen- 
tral system. Air circulation and air 
cleaning is provided by the unit through- 
out the entire year. 

Unit Conditioners may be used in com- 
binations with a conditioned, central 
ventilating air system to recirculate and 
cool the air conveyed to a room, or may 
be individually applied to cool and de- 
humidify recirculated room air. 

Air capacities range from 300 to 700 
cfm, Btu per hour from 5400 to 16,200. 



a Filter 
Washer 


Unit Z>c- 
hnmidifier 




Air 

Blender 


Unit 

Conditioner 
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Westinghouse — Slurlevanl Division 


UNITAIRE® 

AIR CONDITIONING UNITS 

Central Plant Type UnitaircR are com- 
pletely self-contained, with all the com- 
ponent parts of an air conditioning 
system, designed especially for installa- 
tion with supply and return air ducts. 
Unitaires are completely assembled, 
piped, refrigerant-charged, wired and ad- 
justed at the factory. Each is given a 
complete operating test to assure satis- 
factory performance when installed. All 
that is r(‘fiuircd is connection of water 
and electrical service and attachment to 
the duct system. 

The condensing unit is a standard 
Westinghouse hermetically-sealed , 
direct-connected compressor, with water- 
cooled condenser, isolated from the 
supporting structure by rubber anti-vi- 
bration mountings. 

Central Plant Type Unitaires are avail- 
able with 7J, 10, 15, 20 and 25 hp com- 
pressors. 

Self-Contained Type Unitaires are 
widely used in small stores, restaurants, 
ofiice suites and similar establishments. 
Ususlly they are installed in the room to 
be air conditioned, but in many cases 
they are remotely located with ducts 
supplying one or more spaces with air 
conditioned air. Available in sizes of 1, 
2, 3 and 5 hp. Westinghouse Unitaires 
offer many important features: 



Self-Cun 

tamed 

Cnttatre 

TypeSU 



1. Compact Size Largest unit occu- 
pies less than 7 S(i ft of floor space; 
smaller units often installed on 
shelves. 

2. Attractive Appearance. 

3. Completely Factory-Huilt. 

4. Fle.xible Application. 

5. Westinghouse Hermetically-Sealed 
Compressor. 

6. Quiet Operation. 



SAf'Canr 

taifud 

Unitaire 

TypeCU 
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Westinghouse Slurlevanl Division 


CENTRIFUGAL FANS 

Silentvane ®, Design 10 Centrifugal Fans 
are highly efficient and aerodynamically 
improved over previous designs. They 
are made in twenty one sizes with rotors 
from 12i in. to 108t in. in diameter. Im- 
proved w'heel with backwardly inclined 
blades permits medium speeds and de- 
creased turbulence of air flow through the 
wheel . This results in an extremely quiet 
fan ideally suited for heating, ventilating 
and air conditioning applications. Class 
I Silentvane, Design 10, Fans have a 9000 
fpm maximum tip speed and in. wg 
total pressure. Class II Fans have 12,- 
000 fpm maximum tip speed and 6} in. 
wg total pressure. Capacities range 
from 500 to 480,000 volume cfm. 

AXIFLO ® FANS 

Axiflo pressure fans are of the axial flow 
type especially designed to meet the re- 
quirements of industrial service. They 
are available in both straight through or 
elbow types, with either 3-bladed alumi- 
num or 8-bladed steel wheels. All de- 
signs or arrangements can be used in 
either vertical or horizontal position. 
The elbow design provides a 90 deg 
change in direction of air flow and offers 
the unquestioned advantages inherent in 
the fact that no motor or belts or bear- 
ings are located in the air stream. Both 
types are widely used in air conditioning, 
heating and ventilating, dust and fume 
removal, equipment and machinery cool- 
ing, mechanical draft for combustion, 
industrial drying, industrial processing, 
and similar applications. 

VENTILATING SETS 

Rezvane ® Ventilating Sets, with radial 
blade wheels designed for medium speed 
operation, are suitable for ventilating, 
fume exhausting and air conditioning. 
Rexvane Ventilating Sets are made in 7 
sizes, w'heel diameters from 6 in. to 17} in. 
capacities to J in. water gage static pres- 
sure, and air delivery to 4(W cfm. 

V-Belt yentilating Sets are completely 
self-contained units consisting of Multi - 
vane fan and motor with V-belt drive. 
These sets are particularly suitable for a 
wide variety of heating, ventilating and 
air conditioning applications. Wheel di- 
ameters from 12 in. to 24 in., and air 
deliveries from 930 to 11,000 cfm. 




1180 



Air System Equipment • vait Heaton 


Westinghouse — S(urlevanl Division 


SPEEDHEATERS ® 

Sturtevant Specdheaters, Design 14, 
are suspended type unit heaters adapt- 
able to commercial and industrial instal- 
lations to provide an even flow of heat 
over a large area. They are available in 
capacities of 25,800 to 300,500 Btu, and 
398 to 5200 cfm. Attractive modern de- 
sign makes Speedheaters suitable wher- 
ever appearance is important. Their 
quiet, efficient operation fits them ideally 
for locations where economical, thorough 
speed heating is desired. 



DOWNBLAST SPEEDHEATERS 

Downblast Speedheaters are sus- 
pended type unit heaters for use with 
steam or hot water systems. They are 
designed for installation near the ceiling 
and are available in capacities of 40,000 
to 400,000 Btu, and 695 to 5800 cfm. 
Downblast Heaters project the heated air 
downward to the working level, resulting 
in outstanding heating performance in 
buildings with high ceilings, or wherever 
it is necessary to project heated air down- 
ward between storage bins and other 
obstructions. 


MULTIVANE ® HEATERS 

Multi vane Heaters are large capacity 
type for large area, severe heating jobs. 
They can be installed on floors, fastened 
to walls, hung from ceilings. Air motiva- 
tion mechanism consists of multiple slow 
speed Multi vane Fans, mounted on a 
common shaft — resulting in large vol- 
umes of air handled at low outlet veloc- 
ity, low horsepower consumption, and 
quiet operation. Capacities range from 
157,200 to 1,191,000 Btu, and 2100 to 
18,000 cfm. 
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Westinghouse — SlurlevanI Division 



PRECIPITRON ® 


Westinghouse Precipitron -t he elec- 
tronic air cleaner — removes harmful, 
microscopic dirt, dust, smoke, soot, and 
other solid particles from normal air. 
Precipitron is installed in heating, venti- 
lating or air conditioning systems as 
illustrated above. Typical installations 
include department stores, banks, office 
buildings, restaurants, theaters, hospi- 
tals, libraries, power plants, textile mills, 
etc. 

SPECIAL FEATURES 

Smallest Particles Removed -Precipi- 
tron removes airborne particles of sub- 
microscopic sizes. Air cleaning efficiency 
is 90 per cent —proven by a Blackness 
Test adopted by the National Bureau of 
Standards. 

No Moving Parts- -Only stationary' 
parts are incorporated into Precipitron 
design and construction. Operation is 
quiet, maintenance negligible as there 
are no moving parts to wear out and re- 
place. 

Lightweight Aluminum Construction- 

Components are easily assembled and 
handled. Aluminum construction elim- 
inates corrosion and its resultant 
hazards. 

Complete Accessibility— All operating 
parts are completely accessible, thereby 
simplifying maintenance and reducing 
washing time. 


OPERATION 

Basically, Precipitron consists of three 
major elements: (J) ionizers, (2) collec- 
tor cells, and (3) power packs. 

Air and entrained contaminants are 
first passed through the ionizer. The 
ionizer may be denoted as the dust and 
dirt “charger,” since it is here that the 
airborne particles receiv(^ a positive el(;c- 
trical charge which j)reparcs them for 
eventual collection. Particles are 
charged as they jiass through a strong 
electrostatic field set up between the ion- 
izer components by high voltage fur- 
nished by thq power pack. 

Charged particles then pass between 
plates of the “collector” cells. Within 
the cell an electrostatic field exists be- 
tween each two adjacent plates. This 
field is set up by charging one plate with 
high voltage from the power pack and 
electrically grounding the adjacent plate. 
The electrostatic field forces the posi- 
tively charged airborne particles to col- 
lect on the grounded plate. An adhesive 
coating on the plate surfaces firmly holds 
the particles. 

The cleaned air then passes on through 
the heating, ventilating or air condition- 
ing system. 
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Westinghouse — Sluiievanl Division 


Washine — Over a period of time, collec- 
tor cell plates reach their dirt holding 
capacity. When this point is reached, 
the plates arc cleaned by spraying with 
water from an ordinary garden hose. 
After each washing, plates must be re- 
sprayed with a thin coating of adhesive. 
Convenient applicators are provided. 

Blackness Test Proves Efficiency 

The high cleaning efficiency of Precipi- 
tron is shown by the U . S. Bureau of 
Standards Blackness Test. This test 
measures the cleaning efficiency by com- 
paring the relative dirt contents of the 
air before and after the air cleaner. The 
amount of dirt is indicated by passing 
samples of the air through chemical filter 
paper and comparing the blackness spots. 

By Blackness Test, Precipitron shows 
cleaning efficiencies as high as 90%. 

The Blackness Test samples illustrated 
below decisively show the superiority of 
Precipitron Air cleaning. 



VncltnnedAir Air Cleaned Air Cleaned 
ii'tlh Coi.ven- with 

CELLS tianal Filter Fiecijntron 

(constructed entirely of aluiuinum, ex- 
cept for the insulators. Pr(‘cij)itron cells 
are corrosion resistant and light in 
weight. Tnit er(*etion and maintenance 


are relatively easy as one man can lift a 
cell into position. Clean-cut structural 
design provides 
unobstructed 
plate surfaces 
which reduces 
cell w' ashing 
time to a inini- 


FRAME AND 

Within the Precipitron frame are 
mounted the basic air cleaning compon- 
ents, the ionizer and collector cells. The 
ionizer is built in as an integral part of 
the frame, and the collector cells may be 
easily inserted or removed from the rear. 
Each frame holds two collector cells. 
Hinged air distribution baffles are 
mounted on the 
front of the 
frame. Frames 
may be combined 
into a number of 
tier and column 
arrangements. 

This flexibility 
permits installa- 
tion of Preeipi- 
tron where space 
is limited. 

POWER PACKS 

Precipitron power packs supply the 
ionizers and cells with the required d-c 
voltages from 1 15 volt a-c source. Power 
pack indicating })anel indicates normal 
or abnormal operation and provides 
thermal overload protection. 




HOME UNIT 



The Westinghouse Precipitron Home 
I'liit is designed primarily for use in 
homes. It performs the same function, 
on a smalh'r scab*, as the larger units do 
for commercial and industrial applica- 
tions. No longer a luxury, the Westing- 
house JVecipitron electronic air cleaner 
minimizes the endless chasing of dust and 
tlirt in the home. 

It is comparable in size to a gas-fired 
furnace, and occupies about the same 
lloor area. Provision is made on t he unit 
for connection to the duet work of a 
forced air heating or air conditioning sys- 
tem. Placed in the air intake to the 
lieating unit, the Precipitron removes 
more than 99.5 per cent of the dirt (bv 
weight), and more than 90 i)cr cent of all 
airborne particles. 
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APPARATUS DEPARTMENT 


GENERAL 



ELECTRIC 


SCHENECTADY, N. Y. 

Sales Offices, Warehouses, Service Shops, and Distributors in Principal Cities 


MOTORS FOR HEATING. VENTILATING, AND AIR CONDITIONING 

General Electric offers a complete line of motors for compressors, fans, and pumps, 
from which you can select casil3r the motors with electrical and mechanical character- 
istics best adapted to your equipment. Many of the most common applications are 
listed below. Information on other motors — vertical, enclosed, etc., with various 
electrical and mechanical modifications — can be obtained at a G-E office near you. 

For additional information^ ask for Motor Catalog GEA^SBSO, 



Tri-Clad* induction motor. Type K, polyphase Fraetional-horse-power capacitator-motor, Type KC 

SOME G-E MOTORS AND THEIR USES 


Application 

Speed 

Type Winding 

Type 

Horsepower 

Range 

Power 

supply 

Classifica- 

tion 

Fans and Centrifugal 
Pumps 

Constant or 
Adjustable 

Shunt 

B&CD 

1/8—200 

Direct 

Current 


Compound 

B&CD 

1/8—200 



Reciprocating Pumps 
and Compressors 

Constant 

Capacitor, 

Normal torque 

KC 

1/4—3 



Capacitor, 

High -torque 

KCJ 

1—3 



Constant 

Resistance, Split- 
phase j 

KH 

1/40—1/3 


Small Direct-con- 
nected Fans 

Shaded-pole 

KSP 

Single- 
phase Al- 
ternating- 
current 

Constant or 
3-spoed 

Capacitor, 

Low-torque 

KCP 

1/50-5 

Belted Fans, Centri- 
fugal Pumps 

1 

Constant 

1 Capacitor, 

1 Normal-torque 

KC 

1/4—3 



Repulsion-induction! 

SCR 

5-10 


Reciprocating Pumps 
and Compressors 

Constant or 
Multispeed 

Squirrel -cage, 
Normal-torque 

K 

1/4-1000 


Squirrel-cage, 

High -torque 

KG 

5—200 

Polyphase, 

Alternat- 

ing-current 

Pumps, Compressors, 
Fans 

Constant or 
Adjustable- 
varying- 
Bpeed 

Wound-rotor 

M 

1/2-1000 


Constant 

Synchronous 

TS 

25-2000 

^ 


Types of Enclosures: Open (dripproof) — protected from falling objects or dripping 
liquids. Splashproof — where wetness is a factor. Totally enclosed — for complete 
protection. Explosion -proof — for inflammable gases. Dust-explosion -proof — for 
combustible dusts. 


* Tnde-mark reg. U. S. Pat. Off. 
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APPARATUS DEPARTMENT 

GENERAL^ ELECTRIC 

SCHENECTADY. N. Y. 

Sales Offices, Warhouses. Service Sho]«. and Distributors in Principal Cities 


CONTROL FOR HEATING, VENTILATING, AND 
AIR-CONDITIONING MOTORS 

General Electric offers a complete line of standard manual and automatic controls 
for all types of motors driving compressors, fans, pumps, etc. Publications describ- 
ing these items, as well as such control accessories as pressure govpnors, pressure 
switches, float switches, electrically operated valves, and indicating selsyns, are 
available on request. For special applications, G-E control to meet your exact re- 
quirements can be designed. Most frequently, however, the needs of the air-condi- 
tioning industry arc best served by one of the many possible G-E “packaged” control 
combinations designat d as Cabinetrol* equipments. 



Typical Cabinetrol unit, showing open motor-starter panels 


The (Cabinetrol system of motor control is based upon the use of standardized enclo- 
sures equipped with standard control devices. General Electric can build quickly 
most air-conditioning control systems — simple or complex— by properly combining 
standard control units and accessories into the required number of basic Cabinetrol 
sections. If future expansion should reouire further control equipment, additional 
C'abinetrol units can easily be added to the basic system. 

The standard enclosures used in the Cabinetrol system will mount standard motor- 
starting devices up to and including NEMA Size 4. Ample space is provided for in- 
coming-line, feeder, and metering equipment. Bulletin GEA-3856 details more 
fully the advantages of this new system of centralized low- voltage control. 

The General Electric Company will gladly assist in the 
solution of any electrical problem related to air conditioning. 


* Trade-mark reg. U. 3. Pat. Off. 
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Air System Equipment • Hoton 


The Louis Allis Co. 

Milwatikee 7, Wisconsin 



Louis Allis open, drip proof type Squirrel 

Cage motors (Type OG) are specially en- Those Direct Current motors are cor- 
gineered and designed for applications meetly engineered and precision built- 
requiring greater protection. available in a very wide range of both 

electrical and mechanical modifications. 
The extra rugged construction of these 
motors assures long life of dependable 
performance. 



The wide-spread experience of our en- Wound Rotor (slip ring) motors are 
gincering staff will be placed at your ruggedly constructed throughout. A 
disposal to assist in powering your pro- wide range of speed variations are ob- 
duct with these compact efficient Shaft- tainable with comparatively simple con- 
less motors. Available in a wide range trol. Available with mechanical modi- 
of sizes and electrical modifications. hcations for every industrial use. 

We manufacture a size and type electric 
motor_:for every industrial requirement. 
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Air System Equipment • itatan 



6464 Plymouth Avenue 

St. Louis 14, Mo., U.S JL. 

Sales Offices in 
29 Principal Cities 

SINGLE-PHASE 

POLYPHASE 

DIRECT-CURRENT 

MOTORS 


For Heating, Ventilating and Air Conditioning Equipment 


SINGLE-PHASE MOTORS 


Repulsion-Start Inducticn 

Ve to 15 hp, 
all standard 
f requelncics 
and voltages; 
sleeve and 
ball bear- 
ings; open or 
totally en- 
closed; hori- 
zontal and vertical; rigid, flange, or 
resilient mounted (in smaller ratings). 

Capacitor-Start Induction 

Ve to ^4 hp, all 
standard frequen- 
cies and voltages; 
sleeve and ball 
bearings; dripproof 
and totally f en- 
closed; horizontal 
and vertical; rigid, 
resilient and flange 
mounted. 

POLYPHASE MOTORS 
Squirrel-Cage Induction 

Ve to 400 hp, 2 
and 3 phase, all 
standard fre- 
quencies and 
voltages; sleeve 
and ball bear- 
ings; open or 
totallv en- 
closed; horizon- 
tal and vertical. Huilt in several elec- 
trical types. 


Permanent Split-Capacitor 

V20 to H bp, 
constant speed, 
two-speed, or ad- 
justable-i^peed, all 
standard frequen- 
cies and voltages; 
sleeve bearings ; 
totally enclosed; 
round frame with 
rubber rings. 

Shaded-Pole Fan Duty 

1/125, 1/80, 1/40 
and 1/30 hp, 50 or 
60 cycles, 115 or 
230 volts ; sleeve 
bearings; totally 
enclosed; rigid, 
round frame and 
resilient mount- 
ings; with or without 3-speed regulator. 

DIRECT-CURRENT MOTORS 

1/20 to 3 hp, 
all standard 
voltages, sleeve 
or ball bear- 
ings, dripproof 
frames, rigid 
mounted. Wag- 
ner direct -cur- 
rent motors in 
the 44 frame are shunt-wound, all others 
an* compound wound. 









Write For These Bulletins 

MU-40 — Lists part numbers and 
prices of Wagner motor repair parts, 
arranged for quick reference. 

MU-185 — Describes and illustrates all 
types of Wagner motors. 
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Ah System Equipment • Air vents 


G. C. Breidert Co. 

3129 San Fernando Road, Los Angeles 41, Calif. 

Representatives Located in Principal Cities of the U. S. 


BREIDERT AIR-X-HAUSTERS 

FOR ROOF VENTILATING. VENT FLUES & CHIMNEY TOPS 



Type B 


The Breidert Air-X-Hauster introduces 
a new principle in ventilator design. 
Because of the revolutionary, aerody- 
namically-correct design of the Breidert 
Air-X-IIauster, wind currents striking 
it from any angle are converted into a 
powerful suction force that rapidly ex- 
hausts stale air from the interior of the 
house, kitchen or building. The Breid- 
ert remains stationary, has no moving 
parts. Bcuik -drafts are eliminated where 
there is no in- 
terior negative ^ ^ 


The Breidert ^ 

ventilator of-'*’ 







fers certified ca- 
pacily ratings 
Iniseil on tests 
made with wind 
blowing at all 

1 1 



Old 

Method 

B\ 

M 

reidert 

^eihod 


angl(‘s (as shown). These high capaci- 
ties were proved and certified by Smith, 
Emery Co., Pacific Coast branch of 
Pittsburgh Testing Laboratories. In- 
sist on certified ratings based on direc- 
tional wind tests at various vertical 
angles as shown in considering any venti- 
lator. Breidert Air-X-Hausters were 
used extensively during the war on many 
types of combat and cargo ships, war 
housing, military barracks, and other 
government buildings. They also are 
widely used on all types of factories, 
commercial buildings, and residences. 


For Kitchen Ventilation . . . The Breidert system provides a continuous, silent, 
effective circulation of air that exhausts heat and odors at their source ^ with no operat - 
ing or maintenance expense. There are no ‘‘hang-over*^ cooking odors because the 
exhaust action of the Breidert is continuous. The neat, compact appearance of the 
“Type A” Breidert especially recommends it for residences. 


For Vent Flue Caps . . . The Breidert does not have the defects of conventional 
types of caps and accessories. It eliminates the necessity for down-draft diverters, 
with accompanying dangers of explosion in case unburned gas accumulates or is blown 
into the room. 


For Chimney Tops ... By stopping all down -drafts (interior negative pressure 
excepted), a Breidert Air-X-Hauster on the chimney absolutely prevents the fire- 
place from smoking and damaging furnishings. It provides positive **draw” regardless 
of wind direction! 

Write for Free En^neering Data Book . . . contains specifications and installation 
data, certified capacity ratings, etc. Address Dept. HV. 
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Ah System Equipment • ^'v^taStee 


The Swartwout Company 

18511 Euclid Avenue, Cleveland 12, Ohio 

Representatives In Principal Cities 

Gravity and Powered Industrial Roof Ventilators 


GRAVITY ROOF VENTILATORS POWERED ROOF VENTILATORS 



Swartwout- Dexter Heat Valve 

Continuous opening natural draft venti- 
lator particularly effective for ridge of 
peaked roof, saw-tooth construction or 
skylights ; adaptable to flat or slant roofs. 
Air takes but one turn, flows directly up- 
ward. Made in throat opening sizes 4 
in., 6 in., 9 in., 12 in,, 15 in., 18 in., 24 in., 
30 in., 36 in. and 42 in. Ten foot lengths 
may be assembled continuously for any 
roof length. Adjustable damper. 


Swartwovi AIRJ ECTOR 

Streamlined rotary head type roof venti- 
lator using propeller type fan. Curved 
h(*ad turns with wind — outlet points 
away from wind to take advantage of 
suction effect. Made in 13 throat sizes, 
from 12 in. to 72 in., with wide range of 
capacity ratings. Adaptable to special 
conditions where high temperatures or 
fUines are a problem. Available without 
fun as a rotary gravity unit. 



Swartwout AIRMOVER 

A horizontal type multiple heat valve 
featuring exceptionally short air travel, 
built in units 10 ft x 7 ft 6 in. x 32 in. high; 
30 sq f t of opening per unit . Large scale 
ventilation achieved by use of continu- 
ous runs, or can be used as single units 
over heat concentration centers. In- 
stalled on curbs of wood, steel or con- 
crete. Can be adapted to any type of 
roof. 


Sirartwout J ECT-0- VAL VE 

Powerful exhauster of the straight- 
through type, particularly effective over 
vats, furnaces, foundry pouring floors, 
etc. Air stream opens top dampers, 
which close* when fan is off. Completely 
weathertight at all times. Hinged top 
section permits easy access for servicing. 
Made in 28 in., 36 in., 40 in., 44 in., and 
48 in., throat size, in a variety of cfm 
capacities. 


Swartwout Industrial Intake Louvers are available in a wide variety of sizes. 

All of the above made in galvanized steel as standard; can be supplied in copper, 
aluminum, A.P.M. or stainless steel. See Sweets Architectural or Engineering File 
for further data, or send for complete Swartwout general catalog. 
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Air System Equipment 

Anemostat Corporation of America 


10 East 39th Street 


Representatives in 


New York 16 , N. Y. DRAFTLESS ^IfUatui^AIR DIFFUSERS Principal Cities 



THE ANEMOSTAT 
PRINCIPLE 



Tile Anemostat Air Diffuser consists of a series 
of conical shaped members of specific design and 
assembled in definite ndationship to each other. 
Due to these exclusive and patented features, the 
Anemostat Air J^iffuser lireaks th(‘ primary air 
stream into a multiiilicily of planes traviding in all 
directions, and at the same time cnjates an equal 
number of counter currents of room air traveling 
toward the device. This eausi's a quantity of 
room air equal to as much as 85 per cent of tin* 
supjily air to Im? drawn into the device and mixed 
with the supply air before it is discharged. This 
important effect, which distinguishes the Anemo- 
stat Air Diffuser from all other air outlets, is 
known as Aspiration, and should not be confused 
with secondary air motion. The Anemostat Air 
Diffuser, moreover, permits air expansion within 
the device, instantly reducing vijlocity. 

The mixture of primary and room air discharged 
from the Anemostat Air Diffusiu* (Uitrains addi- 
tional room air, which, due to the turbulence of 
the discharged air, is n^adily drawn into and mixed 
with the discharged air. This will continue until 
tlie movement of the discharged air has ceased. 

The Anemostat Air Diffus(;r, therefore, thor- 
oughly diffuses and mixes the incoming air with 
the room air, closely ecjualizing temperature and 
humidity throughout the room, and promptly con- 
verts the velocity energy of the incoming air into 
pressure energy which prevents drafts in the occu- 
pancy zone. 
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Anemostat Corporation of America 


Air System Equipment 


ANEMOSTAT Draftless Aspirating AIR DIFFUSERS 


This table shows basic 
data only ... ^ 

Consult complete cata- 
log for full information. §£ p 
type ® 


AC 


AR 


B 



Combination 

Hupply 

and 

oxhau8t 


Supply 
Freciuent 
air change 
with low 
air velocity 
in HMim 


Suj>ply 



c — < 


r 


C-l 


CSL 





Supply 

Adjustable 

pattern 


Supply 
Combination 
difTuser 
and light 


NL-1 


IIU 


W 



Combination 
diffuser 
and light 


For use with 
unit heaters 

Use on duct 
work for 
heating and 
ventilating 


Wall type 
supply 




ApPLICATIONfl 

. 

Location 

Sizes 

< 

W 

1 s 

H 

> 

hi 0 

, 

§ J o 

Ul u S 

sSa 

z 

10 

to 

(K) 

30% 

Yes 

Yes 

Yes 

No 

700 to 
2500 

On exposed 
duct or 
flush to 
ceiling 

15 

to 

130 

30% 

Yes 

Yes 

Yes 

Yes 

700 to 
3000 

On exfiosed 
duct or 
flush to 
ceiling 

10 

to 

05 

35^^;. 

Yes 

Yes 

Yes 

Yes 

700 to 
3000 

On exposed 
duct or 
flush to 
ceiling 

10 

to 

05 

35^’; 

Yes 

Yes 

Yes 

No 

700 to 
2500 

Flush to 
ceiling 
only 

12.5 

to 

45 

1 

1 ! 
j : 

1 to ! 

1 35% : 

Yes 

Yes 

Yos 

Yes 

700 to 
2500 

On exposed 
duct or 
flush to 
ceiling 

20 i 

to : 
95 

•W’p 1 

Yes 

Yw 

Yes 

1 

No 

700 to 
1500 

Conibina* 
tion with 
light covo 

15 

to 

40 1 

j 

' 30' ;. ' 

1 

! i 

Yes 

Yes 

Yes 

No 

700 to 

1 1500 

On exposed 
duct or 
flush to 
ceiling 

25 to 
82.5 

25^’;> 

Yes j 

No 

N,; 

No 

700 to 
2500 

Projection 

heaters 

25 

to 

82.5 

25'-; 

i 

Yes 

i 

Yes 

Yes 

U p to 
10'’ Dif- 
feren- 
tial 

No 

700 to 
2500 

On exposed 
duct 

5 

to 

40 

36% 

Yes 

Yes 

Yt*s 

No 

700:to 

2500 

Wall or 
ceiling 


“NO AIR CONDITIONING SYSTEM IS BETTER THAN ITS AIR DISTRIBUTION” 
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Air System Equipment • 


Air Devices, Inc. 


Air Diffusers • Exhausters • Air Filters 
Filter Holding Frames • Hot Water Generators 


17 East <2nd St. 
New Yor 17, N. Y. 



Agents in All 
Principal Cities 


AGITAIR DIFFUSERS 



Sguare or Reeiangvlar in Shape 


-fl- -II- Ph 


Type R AGITAIR is the only diffuser 
that offers the higher efficiency of the 
square or rectangular shape in diffusing 
air quietly, draftlessly and with rapid 
temperature equalization throughout 
any shaped room. Its patented con- 
struction can be assembled into patterns 
which discharge? the required amount of 
air in one to four directions. 

Each side delivers a quantity of air 
proportional to the areas served. Thus 
the engineer or architect can select an 
attractive diffuser that fits his design — 
rather than make his design fit the 
diffuser. 



ACOUSTICAL CEILINGS 

All improved, re-styled air diffuser 
known as the AGITAIR Type RTC 
square or rectangular in shape, especially 
designed for installation in acoustical 
ceilings. Made in sizes to conform to 
standard tile dimensions. 



Type CSF 
with Type 
B Damper 


Circular AGITAIRS combine beautiful 
design with finest operating features to 
give rapid temperature equalization and 
draftless diffusion of air. Model CSF is 
quiet, easy to install . Pressure* losses at 
minimum. Type A diffusers are smaller, 
weigh less, are easy to install. Type CM 
is for marine use. In all sizes for all 
types of mounting and with lighting 
combinations. Dampers are provided 
whc*r(* need(*d . 

The AGITAJH Diffuser Data Book, amilable to 
architects and engineers, will help you design and 
install air distribution systems. Consult our engineers. 



AGITAIR WIND-ACTUATED 
EXHAUSTERS 

Provide proper ventilation regardless of 
wind direction, and with positive elimi- 
nation of down-draft. Inunctions at 
peak efficiency at average low wind ve- 
locities. Will not restrict the flow of air or 
gases when there is no movement of out- 
door air across the head. 

Fan-equipped units also for higher raf» 
ings. 
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Ah System Equipment • 


The Auer Register Co. 

3608 Payne Avenue, Cleveland 14, Ohio 

Manufacturers of Registers and Grides for Gravity and Air Conditioning 
Systems ; Metal Grilles for Radiator Enclosure, Ventilation, Concealment 


AIR CONDITIONING REGISTER AND GRILLES 


The Auer line of registers and grilles for 
all warm air heating and air conditioning 
systems is complete and modern, with a 
wide choice of styles for every purpose. 
Only a few are shown here. For gravity 
systems, the Auer Heat-liite is a popular, 
streamline model adjustable for up-or- 
down flow. For extra strength, also for 
floor furnaces, use Dura-Bilt Registers 
and intake, with cross-bars set edgewise 
and all joints inter-locked and mortised. 
All Auer models are designed with due 



Airo-Flex No. 4432 Register — Multi- 
louvrcs adjustable up, straight or down. 
Grille bars adjustable! for right or left 
flow. Grille to match. 



BA — Square Lattice Grille 


regard for air capacity, and supplied in 
all standard sizes and finishes. Latest 
Auer Register Book showing entire line 
sent on request. 

Auer fiat stamped metal grilles are 
made in many designs, all sizes, for all 
purposes. Furnished in steel (or stain- 
less), aluminum, brass, or bronze, and 
finished in prime coat, special finishes or 
platings. Send us your i^ecifi cations. 
Ask for special Auer Grille Catalog “G**, 
with full scale details and tables of 
openings and free areas. 



Airo-Flex No. 7032 Register— Grille bars 
set to direct air downward at 22J/$ deg, 
but adjustable for other angles. Single 
louvre. Grille to match. 



BSA-Shdl Grille 




4A—Mooriah OriUe 
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Air System Equipment • 


Barber-Colman Company 

Rockford, Illinois 

ENGINEERED AIR DISTRIBUTION OUTLETS 


VENTURI-FLO 
Overhead Air Diffusers 

Venturi-Flo overhead air diffusers have flow charac- 
teristics similar to those of the well known fluid-flow 
measuring device— the Venturi Meter. The relation- 
ship between the neck area of the unit proper and the 
Venturi-Flo throat area is so proportioned as to create 
a slight back pressure in the neck at all times, thereby 
automatically insuring uniform distribution around 
the entire periphery of the unit. 

Three types of overhead diffusers are available, the 
recessed, the surface, and the thermostatically con- 
trolled types. A wide range of sizes permits handling 
air volumes up to 15,000 cfm per unit. Fittings for 
attaching any standard light fixtures to the outlets 
may be obtained for all designs. The surface and re- 
cessed types can also be furnisln'd as combination 
supply and exhaust units and with adjustable 
dampers. 

Uni -Flo Grilles and Registers are ('specially designed 
for air conditioning applications. They arc engi- 
neered and prefabricated with directional flow fins for 
each individual application. Proper air distribution 
is assured and the necessity for adjustment after in- 
stallation obviated. 

Unl-Flo Grilles and Registers can be furnished in a 
variety of shapes and sizes for plain and curved sur- 
faces. 

Registers are similar in construction to grilles but 
with the addition of spring loaded positive closing fan 
or key -operated dampers. 

Electroplated Finislu^s: Gunmetal, brushed bronze, 
plain zinc, and satin copper; also available in gray 
prime coat and satin aluminum. 

Unl-Flo Air Distribution Accessories: Include the 
Volocitrol and the Airturn. The Airturn is a scieiitif - 
ically designed and highly efficient air turning mem- 
ber. The aero-dynamically correct vanes reduce 
losses caused by eddies, reverse air flow and low pres- 
sure areas at the turn to a minimum. Airturns are 
prefabricated and are available in units of one piece 
construction in sizes up to and including 4S in. x 48 in. 

The Volocitrol has been designed to noiselessly pro- 
vide positive and adjustable control of air volume, 
pressure and distribution across a supply outlet. 
They are available in two models, one for use with 
side wall and the other for overhead systems of air 
distribution. 



Venturi-Flo- ThermoHatically 
Controlled Type 



Uni-Flo Grille Model “A/’ 



Uni-Flo Hegieter Conetruetion 



Airturn 


VidocUrol 
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Air System Equipment • oStiST* 


Charles Demuth Sc Sons, Inc. 

Mineola, N. Y. 

Air Distributors — Oil-Fired Conditioners 




For exposed duct work & general applications. 
Type (I) 


Type (S) General AppliccUions 



Flush ceiling modd Type (F) 



Typical IllustTatxon 



■ ^ 

Type SL 


The Demuth Air Distributor is a ceiling air dif- 
fuser of patented principles and design. One of 
the many outstanding characteristics of the De- 
inuth Air Distributors which makes it different, is 
that it has as an integral part of the device air 
equalizing vanes. Thcise c(iualizing vanes are fas- 
tened to a deflecting cone to form a nozzle whereby 
a series of air curremts an* equally divided, and dis- 
charged throughout the 36() deg opening in a circu- 
latory motion. 

A second deflecting cone extends beyond the edge 
of the principles cone, and spaced below, forms a 
tangential injection nozzle. Also, a vacuum is 
created at the outside end of the vane. Both of 
these actions together with action of the air 
streams discharged from the nozzle creates a vor- 
tex directly below the device. Consequently, the 
Demuth diffuser distributes a series of turbulent 
air streams resulting in a noiseless and positive 360 
deg circulation and recirculation of the air with- 
out draft. Turbulent air streams, plus injection, 
provides complete diffusion and uniform tempera- 
ture of the air. Manufactured in all sizes, Alumi- 
num Polished or Satin finish. Steel painted, and 
Stainless Steel. 

Typical Illustration— All models having the 
curved equalizing vanes as an integral part of the 
Demuth Air Distributor. Note spider collar ease 
of installation. Volume control types with collars 
& draw bolt installation. 

Demuth Air Distributor with lighting fixture of 
Demuth design. Type (SL), also supplied with 
Types (V) & (I), as are types (FL) & (IL). 

Pendant fixtures can be hung from types (S), 
{l).& (F). 



The adjustment device used to control the vol- 
ume of air is an entirely new Demuth principle 
— that is an integral part of the Distributor, 
whereby the equalizing vane cone assembly can 
be moved from completely closed (no cfm) to 
full open. This is accomplished by a i turn, 
either in the right or the left hand direction, 
then locked in place by the same action. The 
other patented principles and design of the De- 
muth Air Distributor are not altered in any 
manner whatsoever, therefore retaining all the 
features that assure good distribution of air. 
The Demuth Volume Control types come with 
(I)— (F) & (S) Units, and are types (IVC), 
(FVC), & (SVC) 
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Air System Equipment • 


Air Diflhsfen 


W. B. CONNOR ENGINEERING CORP. 

114 East 32nd Street, v Representatives in 

New York 16. N. Y. Principal Cities 

In Canada: Douglas Engineering Co., Ltd., Montreal, P. Q. 

KNO-DRAFT Adjustable AIR DIFFUSERS 



Type KDA for supply air . A lum- 
tnum, sizes 4 to S6 in. neck dia. 
Capacities HO to 15f)00 c^m per unit. 



Type SRD for combination sup- 
ply and return air. Sizes S to 24 
in. supply neck dia. Capacities 50 
to 2,500 cfm per unit, return neck 
area 76% of supply. 



Diffuser and Cone separated 



Diffuser and Cons assembled 


CONTROLLED AIR DIFFUSION 

Kno-Draft Adjustable Air Diffusers arc designed to 
give accurate control of air distribution, plus in- 
stallation and operation economies. With air direc- 
tion and air volume adjustments on each diffuser, 
“custom-made** air patterns can be created which 
will insure draftless diffusion and equalized tempera- 
tures for comfort conditioning or specific patterns 
for industrial processes. 

Installation, balancing and inspection are fast be- 
cause of features like the Type HD quick-opening 
set-lock assembly, the self-contained inner unit and 
the sleeve-type damper. 

System design problems arc eased because Kno-Draft 
Diffusers are adjustable after installation. The often 
difficult and hazardous job of figuring everything 
about the air movement in advance is eliminated. 
And the air pattern in an area can be changed wdth 
the seasons or when proci'sses, people or partitions 
are relocated. 

Kno-Draft Diffusers are geometrically proportional, 
size for size, insuring like resistance at like neck 
velocity for any size — a considerable advantage when 
selecting various size diffusers for a common system. 
Designed for high or low ceilings or attachments to 
exposed ducts, these diffusers will effectively distri- 
bute large volumes of air and pre-mix room and sup- 
ply air. They permit the use of high duct velocities — 
resulting in smaller ducts and lower costs. Duct 
designs are simplified. 

The simple, attractive design of the Kno-Draft 
Diffusers enables them to blend with either period or 
modern interiors. In their original aluminum, they 
create an interesting and unobtrusive decorative ac- 
cent. Painted to match the ceiling, they become 
self-effacing. 

Anti-Smudge Cone: Where exceptionally sooty or 
dusty air conditions are expected or where rough-tex- 
tured ceilings are employed, the use of this accessory 
cone is recommended. It furnishes the additional 
control needed to provide the precise air separation 
which inhibits smudging. 


Kno-Draft Diffusers are covered by U.S. Patents Nos. 2,365, S67; 2,369,119; 
2,432.289 and others pending; Canadian Patents Nos. 429,206; 443,235. 



Any angle of air discharge needed to suit ceiling heights and heating, 
ventUating or cooling air patterns can be obtained by raising or lowering 
bottom Cone B. 
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W. B. Connor Engineering Carp. 


Air System Eguipmenl • 


Type D Air Volume 
Control operates in- 
dependently of the 
air directional ad- 
justment. It varies 
only the quantity, 
not the character- 
istic of the air dis- 
tribution. It con- 
sists of a cylindrical , sliding, sleeve-type damper connected 
by a specially designed spider to a centrally operated 
screw. The shank of the screw extends through the 
lower cone of the diffuser and is concealed by a tamper- 
proof cap. With this damper on each unit, a series of 
diffusers can be quickly balanced. 

Kno-Draft Features Speed Installation 

The development of the self-contained, removable inner 
assembly alone (see Fig. 1) reduced installation time as 
much as 50 per cent. The addition of the Type HD set- 
lock assembly (see Fig. 2) reduced the time for that part 
of the installation to a matter of minutes. No tools are 
required. The B cone or inner elenient of the diffuser is 
secured to the combined suspension and adjustment 
screws by a springloaded catch which is kept in com- 
pression by a slotted washer. The holes in B cone pass 
over the bolt heads. All that is necessary is to press up 
on B cone and insert or remove the slotted washers. 
(See Fig. 3.) Even where ceilings already exist, tin* 
outer cone is easily attached to a duct or collar. 

The air direction adjustment is also accomplished 
quickly. All that is needed is a screwdriver to adjust 
the suspension screws for any angle of air discharge from 
horizontal to vertical. (See Fig. 4.) 

System balancing is fast and simple. The single annular 
air stream permits immediate and accurate velometer 
reading. (See Fig. 5.) Desired air supjdy ratios may 
be rapidly obtained by adjusting the volume control 
dampers. A twist of the wrist regulates the volume 
instantly. (See Fig. 6.) 

Nation-wide Sales and Engineering Service 
The W. B. Connor Engineering Corp. maintains a re- 
search laboratory with a staff of trained specialists and 
district representatives in leading cities. Their services 
are at the disposal of consulting engineers, architects, 
air conditioning dealers and plant engineers. They can 
assist you in getting the Ixjst possible performance from 
your air conditioning system by creating custom-made 
air patterns which will thoroughly mix room and su|)ply 
air, eliminate drafts and maintain uniform temj)erature 
throughout an area. 




Fig. 1 Self-Contained 
Inner Unit 



Fxg. g Type HD Set-Lock 
Aaaembly 


1 

z 

jSp 

tLOTTCD Z 

I! \ "MW \ 


® “/ Z 4 co« 


Ftff. S \otr Standatd 
Equipment 



Fid. 4 Air Direction 
Adjustment 



Free Handbook on Air Diffusion Fig. b Balancing 

It contains the latest engineering data 
on air diffusion and is profusely illus^ 
trated with charts, photographs, 
sketches and dimension prints that 
simplify the selection, application, 
location, assembly, erection, testing 
and adjusting of Kno-Draft Adjust- 
able Air Diffusers. It is designed 
to help you get top efficiency from an 
air conditioning system by creating 
'^custom-made” air distribution patterns. 

For your FREE copy, please write Dept. Y-29. 

(See pagea 1110, 1111, 1112, and 11 IS far data on Dorex Air Recovery and Air Purification Equipment.) 
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Fig. 6 Air Vciume 
Adjustment 






Air System Equipment • q^ST* 


Hart & Cooley Manufacturing Co. 

BstaUished 1901 

Air Conditioning Registers and Grilles - Warm Air Registers 
Damper Regulators • Furnace Regulators - Pulleys - Chain 

Holland, Mich. 


NO. 75 DESIGN— FLEXIBLE FIN TYPE with TURNING BLADE VALVE to 
provide DOUBLE DEFLECTION. Also without Valve as Grille or Intake 




s 
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CONTROL OF AIR FLOW IN TWO PLANES 




Instant Adjustment of Air Flow 
(Up Straight or Down) 

Is obtained by turning the regulator on the register 
face to the proper setting with a key furnished with each 
register. When the valve is opened, as shown at the left, 
the individual valve louvers automatically stop in posi- 
tion to provide the proper air flow — Up (Fig. 1) for cool- 
ing systems to avoid drafts; Straight (Fig. 2) for venti- 
lating systems; Down (Fig. 3) for heating systems to 
prevent stratifleation. When the valve is closed, as 
shown at the left below, it completely stops the flow of 
air. 


Air Flow Can be Quickly Adjusted Sideways 

No. 75 Design has a flexible fin-type face. Each fin 
may be twisted individually with a wrench furnished, to 
provide any desired sideway deflection of air flow. 

Greatly Reduced Turbulence and Resistance 

Figs. 1, 2, and 3 show the air flow with No. 75 Design > 
Fig. 4, with the conventional register. Compare the 
turbulence in the stackhead of the latter with the smooth 
flow obtained with No. 75 Design. 



Fig. 1 Fig. 2 Fig. S Fig. 4 
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Hart & Cooley Manufacturing Co. 
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Vdocitxes with No. 76 Design 


Velucitiea with Conventional Register 


EVEN DISTRIBUTION OF AIR OVER ENTIRE FACE 

The turning blade valve distributes the air evenly with a uniform velocity over the 
entire face, as shown in Figs. 1, 2, and 3 on the preceding page. Note how the air 
rushes through the upper part of the face with a conventional register, as shown in 
Fig. 4. Since the entire face of No. 75 Design register is utilized for discharge of air, 
smaller and in some cases fewer registers can be used without causing excessive 
velocities. 

Prevention of Streaked Ceilings—With either UP, STRAIGHT, OR DOWN 
deflections the air does not strike the ceiling immediately in front of the register; 
streaked ceilings are thus avoided. 

Excellent Concealment of Duct — The depth and close spacing of the vertical bars, 
combined with the valve, provide almost complete concealment of the duct, adding 
considerably to the pleasing appearance of the register face. 

Special Settings — No. 75 Design functions equally well when located at the end of a 
horizontal duct or by installing it upside down, when the air is delivered to it from 
above. 

AVAILABLE IN FOUR TYPES 



With Turning Blade Valve — No. 751 Register (Left) has Sponge Rubber Gasket 
and % in. turndown. No. 754 Register (Right) is similar except has in. projection 
and is furnished without gasket. 



Without Valve — No. 750 Grille 
has % in. projection. 



(Left) has % in. turndown. No. 757 Intake (Right) 

FOUR TYPES OF INSTALLATION FRAMES 

No. 75 Design items can be used with or without 
installation frames. No. 3 Sidewall Stud Frame 
(illustrated), fastens directly to stud, forming a 
solid, streak-proof foundation for register. No. 8 
Frame is similar for baseboard use. No. 5 Base- 
board Stack Frame provides inexpensive, streak- 
proof installation. No. 2 Band Iron Frame 
provides for connecting register to stackhead. 

CATALOG49showing the complete H & C line, 
available upon request. 
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Hendrick Manufacturing Company 

48 Dundaff Street, Carbondale, Pa. 

Sales offices in principal cities— consult telephone directories 

Hendrick Bulators; Hendrick Perforated Metal Grilles; Hendrick Mitco 
Open Steel Flooring, Armorgrids, Shur-Site Treads 


HENDRICK BULATOR* 

Hendrick Bulator* is a practicable com- 
bination of an ornamental grille and a 
deflecting vane grille. 

Properly placed behind the ornamental 
grille, the deflecting vanes of the Bulator 
give the air throw and spread specified 
by the engineer. The vanes are adjust- 
able so that the air flow can be deflected 
to right or left, up or down, or in a 
combination of directions. 

Although mounted just behind the 
ornamental metal grille, the deflecting 
grille is not noticeable, as will be seen 
from the illustration, made from an un- 
retouched photograph. 


deflecting vanes, have little effect on the 
air stream pattern and air throw. 

Using a 24 in. wide by 8 in. high combi- 
nation of control louvers, vertical de- 
flecting vanes, set 45° each way, and a 
metal grille with 65 per cent open area, 
the tests showed the following resistance 
pressure in inches of water: 

Air flow volume cubic feet per minute 
400 500 800 1000 1200 

Total throw of air stream in feet 
5.5 8.2 ' 10.9 13.6 16.4 

Resistance pressure with grille attached 

o.or o.os^ oAr o.2r 0.29" 


Tests made at the Case Institute of 
Technology, Cleveland, under the direc- 
tion of Professor G. L. Tuve, show that i 
correctly designed ornamental metal 
grilles, properly mounted in front of the i 
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Photograph taken with deflecting vanes less than an inch 
behind grille, shows that vanes are not noticeable. 



Resistance pressure with grille removed 

0.02'' 0.05" 0.09" 0.14" 0.20" 

The report states: ‘Tn the series of 
tests, we found that at a given air volume 
the presence or absence of the ‘Mosaic’ 
(pattern) grille made very little differ- 
fuice on either the air stream pattern or 
the throw, but the resistance was 
changed by the presence of the grille, as 
shown by the table.” 

Thus the Bulator enables the architect 
to combine with the air-conditioning 
system of a building, ornamental grilles 
which harmonize with the decorative 
scheme without appreciably affecting the 
air flow. 

Hendrick’s engineering department 
will be glad to cooperate with architects 
and engineers in the selection and instal- 
lation of Bulator Grilles, incorporating 
any type of control desired. 


Vertical deflecting vanee, showing how the vanes may he 
^ set to produce an*> ^»*ired air stream pattern. 


*BeBiity Ventilator 
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HENDRICK PERFORATED 
METAL GRILLES 

Hendrick decorative grilles are fur- 
nished in over a hundred patterns, and^ 
in a wide variety of overall dimensions, 
bar sizes, and number and size of per- 
forations. 

Many exclusive Hendrick designs, orig- 
inally produced to meet an architect’s 
specifications for some particular proj- 
ect, are now available as standard 
numbers, and facilities for making spe- 
cial designs to specifications make the 
Hendrick service even more complete. 
The wide range of patterns permits the 
choice of a grille that will harmonize 
with any style of architectural design or 
period construction. 



Grilles are fabricated in heavy-gauge 
aluminum, bronze, copper, Monel, steel, 
stainless steel, and other commercially 
rolled metals. With ample open areas 
and accurate sizes, Hendrick grilles are 
characterized by clean-cut perforations, 
fine finish, and freedom from burrs and 
other imperfections. 



M-No. S—67 per cent Open Area 



M-No. 9—67 per cent Open Area 


They are easy to install, and always lie 
flat because of a special flattening opera- 
tion in their manufacture. 




La CroHee — 66 per cent Open Area 


AIR CONDITIONING 
GRILLES AND REGISTERS 

Hendrick air conditioning grilles and 
registers for directed air flow are made in 
various meshes, the standard having ^ 
in. opening between face bars. All types 
arc furnished with either horizontal or 
vertical directional bars. 

The standard mesh can either be fur- 
nished with grille bars permanently set 
at the factory for straight or directional 
air flow, or furnished so that the grille 
bars may be individually adjusted on the 
job to direct air flow to any desired 
degree. 



Front View 

Hear View 
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The Independent Register Co. 

Established 1808 

3747 East 93rd Street, Cleveland, Ohio 

AIR CONDITIONING REGISTERS AND GRILLES 


i]i I I i|i I I l|i I I l[l I P 



Rear View 

Showing' Adjustable Deflecting Vanes 
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No, 321A Grille with Deflecting Vanes — ^With vertical grille bars and horizontal de- 
flecting vanes. The grille bars may be individually adjusted to direct air flows to 
right or left; and the vanes are made individually adjustable to deflect air flows up or 
down. 



No. 238 Wrought Steel — 4-way adjust- 
able direction of air flow. Flexible verti- 
cal grille bars, multiple valves. 



No, 139 Wrought Steel — Flexible hori- 
zontal grille bars, bendable for up, down 
or straight air flow. Single valves. 


Independent No-Vision Grilles— No. 1312 for Doors, Walls and Partitions 


The grille bars are “V” 
shaped; it is impossible to 
see through the grille from 
any viewpoint. 




No. 1312R— With 
overlapping rim 5^ in. 
wide, on all four sides. 

No. 1312C~With 
grille core only, in- 
stalled with moulding. 
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Etablissements NEU 

47 rue Fourier — Lille 

Nord France 




— diffusion of tho 
— no delivery at a 
An adjustable do 
semicircular blades 


Vega 

Any of the three 
following func- 
tions may be ob- 
tained with Vega 
ventilation out- 
let, invented by 
J. Fourtier: 

--delivery of a 
direct air vein, 
delivered air, 

1 . 

dee, formed by 4 
set in a circular 


opening, may change the direction and 
the diffusion of air delivered by the 
ventilation outlet. 

The Vega ventilation outlet is of a 
very reduced size, because the adjust- 
able device is placed in the delivered 
air vein. Of very light weight, it is 
easily fitted up; it can be placed on a 
receiver supporting one or several 
devices, or on the ventilation duet 
itself, either vertical or horizontal. 
Its working is simple and rapid. 


Ventilation outlet 

Patent Applied for No. 685,689 

Main Dimensions 



Tyi)e K 

0. 

1 Nominal I 
Capacity 
j cfm ; 

A 1 
mm 1 

1 

B 

mm 

C 

mm 

D 

mm 

AIR- 

fAl 

1 20 1 

57.5 1 

80 

70 

10 

PLANE ■ 

A2 

30 ! 

45 

80 

70 

10 


lA3 

40 

53 1 

80 

70 

10 

( 

Ml 

60 

65 1 

132 

116 

17 

NAVY 

M2 

90 

75 

132 

116 

17 


M3 

135 

90 ; 

132 

116 

17 


wei ghts; a irplane; 110 gr. 3, oz 9— navy 240 gr. 8, 5oz 


The special design and fitting of the 
device enable the quick adjustment of 
any outlet from one number to another. 


Direct vein Performance curves of Vega Airplane and Navy Types Diffusion 





1 . Direct vein 



i 



t. Diffueion 




Vega ventila- 
tion outlet is 
made of cast 
metal or east 
material; its 
finish is made to 
suit all applica- 
tions and to be 
in harmony 
with any kind 
of decoration. 


Mfiin 
Position of 
Adjustable 
Device 
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The Pyle-National Company 


Multi-Vent Division 
1363-78 W. 37th St. 
Chicago 9, Illinois 




Sales Engineers and Agents 
in Principal Cities of 
U. S. and Canada 


MULTI-VENT* LOW VELOCITY AIR DIFFUSION 


Concealed Multi-Vent Panel exposed by 
removal of six squares of metal acoustical 
ceiling. 

Panel Frame . . . installed in the bottom 
of air supply duct. 

Control Plate . . . supporting one or 
more valves per panel, is hinged in panel 
frame providing ready access to duct 
above for cleaning. 

Pressure Displacement Air Valve . . . 

single adjusting screw raises, and lowers 
a valve plate above opening in control 
plate to regulate volume of air flow from 
duct into dual V shaped primary distri- 
bution sections, the design of which 
insures even distribution of air over the 
entire perforated area below panel. 

6 Outstanding Advantages 

1. No Strong Air Streams to Direct: 

With Multi-Vent duct velocities are so 
radically reduced (within the diffuser 
itself) . . . diffusion is so rapid, thorough 
and wide-spread . . . that no air move- 
ment in excess of ASHVE comfort zone 
requirements exists more than six inches 
away from the perforated distribution 
plate. 

2. No Deflection Problems to Restrict 
Location or Capacity of Outlet Panel: 

With Multi -Vent the location and the 
capacity of the diffuser can be deter- 
mined solely by load considerations as- 
suring maximum effectiveness and effi- 
ciency. The proximity of seating loca- 
tions or the relative positions of parti- 
tions and lighting fixtures— which must 



be a major consideration in locating high 
velocity diffusers to avoid drafts — need 
not be considon'd with Multi -Vent re- 
gardless of ceiling heights. 

3. No Change in Air Diffusion Patterns 
When Desired Volume of Air Delivered 
is Varied: Multi -Vent’s adjustable pres- 
sure displacement valve can be easily 
set for delivery of various amounts of air 
without disturbing the balance of the 
overall system. Neither single panel 
adjustments to suit occupants special 
requirements nor substantial reduction 
or increase of air capacity at source to 
meet seasonal demands will in any way 
affect the desired air flow pattern. 

4. 40 Per Cent Higher DTD Will Meet 
Comfort Zone Requirements: Multi- 
Vent will permit raising the usual 15 deg 
Diffusion Temperature Differential to 
as high as 25 deg (with an 8 ft ceiling for 
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*Thi8 application of low velocity, pressure displacement 
air diffusion is fully protected by patents. Only with 
MvUi-Vent can you enjoy its benefits. Midli-Vent is 
the registered trade mark of the Pyle-National Co., 
Chicago, for air distribution systems and parts thereof. 
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THE PYLE-NATIONAL COMPANY 
Multi-Vent Division 

—Ji 

MUTI-VENT*-LOW VELOCITY 


Duct Velocity 

1000 FPJVt 


Orificed Adjustable 
Volve Set for 

300 CFM 


/ f i i t i i » I » I'SJ i 'll \ i \ \ \ 
< < M UKf* I M M 1 XI U > \ n \ 

* ‘sllnftalr ♦ M t H I n I I X» OulblVilocItyl * 

from Panel 200-300 FPJM 

30-50 FPM I n I t I t M \ i iff ♦ fit 


OTHER HIGH VELOCITY DIFFUSERS 



(wamplo). Thus 40 per 
cent less air need be 
used to handle a given 
load making possible sub- 
stantial economies in 
ducts, fans, filters and 
coils. 

5. No Protruding Outlet 
Fixtures to Mar the 
Beauty of Modern Inte- 
riors; Multi-Vcnt can be 
completely concealed 
above the square per- 
forated pans in a metal 
acoustical ceiling. Mul- 
ti-Vent installed flush in 
all other type ceilings is 
less conspicuous than dif- 
fusers of any other make. 

6. Uniformity of Room 
Temperature and Hu- 
midity: Multi-Vent can achieve a tem- 
perature differential of as little as 1 deg 
within the comfort zone in all seasons 
. . . and 2 deg is guaranteed. This in- 


sures true air conditioning comfort 
and will meet the most exacting air 
conditioning requirements for scientific 
research and industrial processing. 


The Standard sizes of Types MVAR and 
MVAMC arc given. Overall sizes are 
approximate. 


Type 

Width 

In. 

Length 

It. 

(JroHS 

Area 

Net Free 
Area 

Sn. 

Ft. 

MVAR-244 

24 

4 

8 

1.04 

M VAR-245 

24 

5 

10 

1.33 

MVAR-246 

24 

6 

12 

1.61 

MVAR-364 

36 

4 

12 

1.64 

MVAR-365-1 

36 

5 

15 

2.08 

MVAR-366-2 

36 

5 

15 

2.08 

MVAR-366-1 

36 

6 

18 

2.52 

MVAR-366-2 

36 

6 

18 

2.52 


Note: Types 365 and 366 an* available with one or 
two valves. 

Special sizt's to accommodate lighting or ceiling 
decoration are available. 


For use with acoustical metal ceiling 
pans installed below Multi-Vent: 


Tyiie 

Width 

In. 

Length 

Ft. 

(IroRs 1 
Area | 

1 Net Free 
.Area 

1 Sq. Ft 

MVAMC-244 

24 

4 

8 

1.04 

MVAMC-245 

24 

5 

10 

1.33 

MVAMC-246 

24 

6 

12 

1.61 

MVAMC-364 

36 

4 

12 

1.64 

MVAMC- 

36 

5 

15 

2.08 

365-1 





MVAMC- 

36 

5 

15 

2.08 

365-2 





MVAMC- 

36 

6 

18 

2.52 

366-1 





MVAMC- 

36 

6 

18 

2.52 

366-2 






Multi-Vent installations are simple, quick to balance and easy to clean. They have 
been applied with remarkable results to almost every type of building, new or 
old, and are particularly well adapted to the lower ceilings of modern architecture. 

* See foot note on page 1204. 

Application data will be furnished on request. 
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Register & Grille Mfg. Co. 

Incorporated 

70 Berry Street, Brooklyn 11, N. Y. 


Headquarters for all types of Registers and Grilles 
RESIDENTIAL AND COMMERCIAL 


DOUBLE CORE REGISTERS 
AND GRILLES 




II I I I III 

II 1 1 I !■■■■■■■■«■ ail III 
II 1 1 I l■a■B«■■BaBH ■■ III 

ii ii i iiiiiiiiiiiiiiiii 

an I I I >RBB[iiRHaiMaiRt«aMa«ni 


Designed for 
grade work where ap- 
pearance and perform- Style ego— Six-Way Adjustable Deflection 

aiice are the first con- 
sideration. 


When used as a grille only, style H2() gives complete control of directional throw, 
and, when htted with one of our many types of shutter, permits control of volume as 
well . 

Can also be had with outside adjustable bars running horizontally (Style 610). 


FOUR-WAY ADJUSTABLE DEFLECTION 



J ////// ijl ! I ijl t I \\\\\\\\\\^\ L 

Style go Grille and HM V deflecting vanes 

Front bars vertically adjustable, rear vanes 
horizontally adjustable; or Front bars hori- 
zontally adjustable, rear vanes vertically 
adjustable. 


TWO-WAY 

ADJUSTABLE DEFLECTION 



Use No. 20 Grille for adjustable 
right and left deflection. Style 
10 has horizontal adjustable 
bars for up and down deflection. 


Ask for our catalog which shows other types of air controls; also 81 different Stamped Metal dosigns. 
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Rock Island Register Go. 

2435 Fifth Ave. * • Rock Island, 111. 

Air Conditioning Registers & Grilles 


Specify ROCK ISLAND Registers 

Designed for maximum efficiency in new and old homes and prefabricated construc- 
tion. All combinations of air deflection possible. 


The 800 Series 


^ 800 Series are of fabricated 

construction and feature rigid 
* assembly of vanes in groups 
permitting simple and secure 
adjustment to any angle from 
- 0 deg to 45 deg, left or right, and 
are available in either horizon- 
tal or vertical styles. Multi- 
shutter valve assembly along 
with the adjustable grille make 
four-way deflection adjustment 
possible. Multi-louvres allow 
22 deg upward and downward air flow. Multi-valve assembly is shallow, extend- 
ing back into head sufficiently to give directional air flow without restricting air ca- 
pacity. 



An Vane Wall Reg — \o 8ttJM 


The 80 Series 

The Out-o-Wall Registers and In- 
takes were designed for installations 
where there is a girder, sill, or wall 
under the partition and where a 
standard register and head cannot be 
UH(‘d . They are small , neat , and com- 
pact in d(‘sign. Registers are com- 
phite with head, assembled as one 
unit. The Out-o-Walls are easy to* 
install. 

Out-o-Wall Registers and Intakes 
are manufact ured in both 8(K) and 900 Series designs to match corresponding forced- 
air registers. Each register is shipped and priced complete with head— ready to 
install, fastening to the baseboard with two screws. Separate heads can be pur- 
chased for use with cold-air Intakes. 
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Standard Stamping & Perforating Co. 


3111 W. 49th Place, Chicago 32, lUinois 

Air Conditioning Registers and Grilles— Cold Air Faces 
Perforated Metals for all Purposes 




No. 41H Sidewall Register 
(for forced air installations) 

This model is smartly styled, efficiently 
designed for sidewall and baseboard in- 
stallations. It has a single damper and 
in. turned down edge. Sponge rubber 
gaskets are attached. The illustration 
shows how easy it is to set the bars with 
a *‘Bend-Esy” tool. I 



Design “JV” 60 per cent free area 

in. s 1\ in. unit H in. bar 


4-No. 101 Floor Register 

This model floor register features beveled 
edges, solid construction and constructed 
of fabricated metal. There are no loose 
parts. The finish is oak ... an ultra 
strong baked-on finish for longer wear 
and it will match flooring. There is a 
matching cold air face available. 



fNo. 331 Horizontal Multiple 
Valve Louvres Attached to 
Vertical “Bend-Ezy” Faces 

The No. 331 Sidewall Register has Hori- 
zontal Multiple Valve Louvres and a vl-, 
in. turned down edge for flush sidewall 
installation. These are attached to ver- 
tical “Hend-Kzy” faces. This allows 
adjustable four-way air deflection. The 
attached sponge rubber gaskets are an 
extra feature that prevents the escape of 
air and chipping of wall Surface. 



Plain Lattice Design 


All Stanforated Grilles and ornamental designs are available in steel from 16 gage to 
i in. thicknesses. They can also be furnished in non-ferrous metals, such as alumi- 
num, brass bronze and stainless steel, and in varying thickness according to the 
physical properties of each metal. 


1208 







Air System Equipment • S asiy * 



A complete line of registers, grilles and 
scoops for all types of industrial and 
* residential air conditioning applica- 
tions. 


Stewart presents 54 stylos in 2140 sizes for engineer or contractor with special as well 
as standard specification requirements. Engineering literature available on all 
technical and price information. Data conveniently arranged for estimating large 
or small installations. Standard material is cold rolled steel, but stainless steel, 
aluminum and brass are also available for all products. 


Style DDK, ALE-WAY SELECTIVE AIR- 
THROW, has two banks of individually ad- 
justable fins — front bank horizontal, rear bank 
vertical. Fins are 14 gauge steel, J in. deep, 
spaced on } in. centers. Bank of lever- or 
key-operated 1 in. multiple valves can be fur- 
nished as addition or substitution. Valve 
blades overlap when closed and op(Ui through 
110 deg arc. Overall size of face Ig in. greater 
than duct opening . PLASTER FRAME allows 
for removal of grille when desired without dam- 
age to surrounding jjainted areas. Holes sup- 
plied for attaching plaster frame to duct, and 
lintel frame or stud. Usable with composition 
duct, furnishing base to which register is 
screwed. If used with composition duct, 
please specify. 



BALDAMPi'JR is designed to limit volume and 
direct air at 90 deg to rear of supply outlet. 
Even distribution across entire face results. 
Fins op('rate simultaneously, in pairs. Adjust- 
ment made with removabh* key (or knob, not 
shown). The maximum-volume-positioner in 
lower right corner is supplied \vith knob-type 
only. 

Key-type is for permanent setting as balanced. 
Knob-type permits full closing, or opening to 
the point determined by maximum-volumc-po- 
sitioner. 

Available as a damper but generally supplied 
complete wdth grille face as one unit. Any 
Stewart grille face is available. 

Style94, MULTIPLE VALVE DAMPER WALL 
REdlSTER, is a unit of the Stew’art residential 
line. Horizontal face bars i in. c<*nter to cen- 
ter and 1 in. d(‘ep, deflect air downwards. 

Multiple valve damper is lever operated. 1 in. 
valves overlaj) when closed and open on 110 
deg arc. Face bars can be adjusted with re- 
movable key furnished. Overall size of regis- 
ter IJ ill. greater than duct opening. All 
grilles and registers have zinc chromate prime 
coat finish and sturdy rubber gasket is cemented 
on at factory. 

Technical and price information available through representatives in all principal 
cities, or at factory headquarters. 

In Canada: Douoi.ah Enoinkkhino Co. Ltd , 190 Muhkay »St , Montrkal 3, P.Q. 
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Engineered Products 
for Residential, Com- 
mercial and Institu- 
tional Air Gondition- 
ingt. Heating, Venti- 
lating 


NEW BRITAIN, CONNECTICUT 


AEROFUSE 

Diffuser 

and 

Damper 



The efficient performance of an air con- 
ditioning installation depends largely 
upon the design of the distributing 
units. Tuttle & Bailey Type EAC 
Aerofuse Diffusers, with Effective Area 
Control, an exclusive Tuttle & Bailey 
feature, provide complete adjustability i 
in the field . . . positive, job-tailored con- 
trol at the vital point of air delivery , . . 
assure the correct air quantity, delivered 
as you want it, where you want it, evenly 
distributed and without drafts. 

Aerofuse Diffuser — The new Type EAC 
Aerofuse is equipped with an auxiliary 
cone, operated from the face, which 
provides a simple method of varying the 


performance of the diffuser to meet 
specific job requirements. 

Aerofuse Damper No. 4— .\n improved 
multi-louvre damper with exclusive de- 
signed-in features that provide positive 
volume control. Adds real efficiency 
when install(‘d with Aerofuse Diffusers. 
Minute adjustment of volume for ac- 
curate balancing . . . mult i -louvres divide 
supply stn‘am, m(‘an minimum turbu- 
lence and (}ui(‘t optu'ation. Synchronized 
deflector vanes assure even distribution 
regardless of volume. Tn open position, 
damper provides effective* ar(*a greater 
than that of corresponding size dif- 
fuser . . . closed, it JtssuHis KK) per cent 
shut-off. Tamper-proof, louvres may 
be locked in any position. 
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Tuttle & Bailey 
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Tri-fttx 


SUPPLY AIR GRILLES AND REGISTERS 



26 

STANDARD 

SIZES 


GRILLES — Provide inaxiniuiii 
control of air defiection. Indi- 
vidually adjustable face bars, 
pivoted at front. Available with 
horizontal or vertical bars. 

DOUBLE DEFLECTION 
GRILLES — Provide adjust ability 
of both vertical and horizontal 
direction of air path. Available 
with vertical face bars and hori- 
zontal rear bars ... or with hori- 
zontal face bars and vertical n^ar 
bars. 

MULTI-SHUTTER REGIS- 
TERS — C'ombiiK* grille and multi- 


shutter unit for complete air 
shut-off. Available with ver- 
tical face bars and horizontal 
back blades ... or with hori- 
zontal face bars and horizontal 
back blades. 

DOUBLE DEFLECTION 
MULTI-SHUTTER REGIS- 
TERS— Provide maximum di- 
rectional and volume control. 
Available with vertical face 
bars, horizontal rear bars and 
horizontal back blades ... or 
with horizontal face bare, ver- 
tical rear bars and horizontal 
back blades. 


Aennane 


RETURN AIR 

GRILLES AND REGISTERS 


8x4 
10 X 4 
10x6 
12 X 4 
12 X 5 
12 X 6 
14 X 4 
14x5 
14 X 6 
16x5 
16 X 6 
20x5 
20x6 

20 X 8 

24x5 
24 X 6 
24x8 
24 X 10 
24 X 12 
30x6 
30x8 
30 X 10 
30x12 
36x8 
36 X 10 
36 X 12 


10 X 6 

10 X 8 

12 X 6 
12 X S 
12 X 12 

18 X 6 

18 X 12 

18 X IS 
24 X 12 
24 X 18 
24 X 24 
30 X 12 


20 

STANDARD 

SIZES 



30 X 18 
30 X 24 
36 X 18 
36 X 24 


GRILLES— Furnished as standard REGISTERS—Furnished aa 
with vertical bars set straight or standard with vertical or hori- 
horizontal bars set at angle of zontal bars set straight ... hori- 
35 deg. zontal multi -shutter blades. 


X 30 SANTROLS 

48 X 24 ^ flexible device* that provides positive control of air volume as 

48 X 30 well as uniform distribution over the entire supply outlet. Blades 

48 X 36 fully adjustable. Furnished as standard in same 26 sizes as listed 

for TRI-FLEX. 

For engineering details write Tuttle ft Bailey, Inc., New Britain, Conn. 
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Titus Mfg. Corp. 

WATERLOO, IOWA 


Titus Mfg. Corp. are designers and manu- 
facturers of Airfoil Grilles featuring the 
Airfoil Lo?/t;rc— patterned after the air- 
foil section of an airplane. The following 
distinctive features identify Titus Airfoil 
Louvres. (1) Smooth as glass stream- 
lined surface (2) Solid construction (3) 
Noiseless performance (4) Minimum 
turbulence. 



L-2 4-Way Directional Titus Airfoil Grille 

features horizontal front louvres and 
vertical rear louvres. P>ame is con- 
structed in one piece regardless of size. 
Custom built for individual require- 
ments. Designed with streamlined Titus 
Airfoil louvres. Available as S-2 front 
louvres vertical, rear louvres horizontal. 



L-1 Airfoil Grille features single set of 
horizontal Titus Airfoil louvres set on 
J in. centers. Solid one piece frame 
construction. Easy blade adjustment 
for long or short throw. Available as S-1 
with louvres vertical. 


mmmrnmmm Mak«ii||ji«iili 
mmmrnmmm efi 

li mt « it li im « iftji II 1 

m m m mm mmrnmmmmmmmmm 
ttttHMMiiiiMHHiMmmiJiav 

! 5 !! *!” S!!!S55!!SSs5^* 



L-4 Airfoil Multi-Shutter Register— 

Lever operation gives positive shut off 
of blades. Opens uniformly. Front indi- 
vidually adjustable airfoil louvres spaced 
on } in. centers. 



A-G-25 Volume Controllers provide posi- 
tive control of air volume. Blades indi- 
vidually adjustable. Sponge rubber 
gasket holds unit firmly in duct prevent- 
ing leakage. No screws necessary. Dull 
black lacquer finish. 



R-L-21 Return Air Grilles — blades on f 
in. centers. Parallel to long dimension. 
Easy to clean. 


.'L ’vm, 




R-L-23 Return Air Grille— blades on J 
in. centers. J^arallel to long dimension. 
Deep fins. Standard IJ in. beveled 
border. Grey lacquer primer finish. Any 
size grille can be furnished. Special 
matching finishes on request. 



R-L-24 Return Air Register— Features 
rear multi -shutter louvres — quick shut 
off. Rear blades arc deep-spaced on 1 
in. centers. 
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United States Register Company 

General Offices: Battle Creek, Mich., U.SJ^. 

Branches: Minneapolis, Minn., Kansas City, Mo., Albany, N. Y. 

Air Conditioning Registers, Vents and Grilles 



No. 153 — Single-Valve Air Con- 
ditioning Register-Bars 14. in. deep 
— Spaced 4 openings to the inch 
affords Non -Vision. Can be sup- 
plied in Directional Flow in either 
Horizontal or Vertical Bar Styles. 
Can be furnished with all styles of 
Setting Frames. 


No. 249 — Multiple-Valve Air Con- 
ditioning Riigister. Gives coinpl(*t(* 
Air Control. Vertical Front Bars — 
Key-pin adjusted to provide 45 deg 
Right and Left or Two-way Side Flow. 
Lever operated Horizontal Back- 
valves give from Full (Mosed to any 
degree of Upflow and to 45 deg Down- 
flow. FULL FACE COVERAGE, 
('an be sujiplied with any style of 
Setting F'rame. Fits all Stack Heads 
of Standard Size Dimensions. 




Mm! !*f' 




I (I ’ (•iiiiii;iiiiiii|i!iiilii|iii|in 1 1 


(MlilllHHIlM I II I I I|t4 Ml I 


(11 111 VI I III I HI Ml Mini It I I 
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No. 256 — Multiple- Valve Flex-bar-. \ir 
Conditioning Register. Vertical Front 
Bars set 22 dc'g Bight and Left. Side 
Flow Deflection attained by setting of 
Grille Bars with bending wrench to 
accommodate room condition. Back- 
valves give sAine Up and Down con- 
trol of air flow as No. 249 above. 
FULL FACE (X)VERAGE. Can be 
supplied with any style of Setting 
Frame. Fits all Stack Heads of 
Standard Size Dimensions. 


All of above Styles can be supplied 
with either Lever or Individually ad- 
justed Multiple Valves or Louvers. 
i.e. 177V VI— Vertical Valves Indi- 
vidually adjusted. 145VVL — Lever 
operated Vertical Valves. 

Grilles and Vents in Matching de- 
signs are available. 

For Ck>mplete Information Write for 
Latest Catalogs with Engineering 
Data. 



No. 153-VVL Horizontal Bar Non -Vision 
Design-Vertical lever operated rear 
valves. 


Complete Gravity and Air Conditioning Roister, as well as Fitting Catalogs furnished 

on request. 
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Young Regulator Company 

5209 Euclid Avenue, Cleveland 3, Ohio 

DAMPER REGULATORS; REMOTE CONTROLS; 
VOLUME CONTROL GRILLES; DAMPERS 

Manually and Automatically Controlled 

Sales Representatives in Principal Cities 


Young Regulators meet practically every condition where damper regulators are 
required for controlling air volume. 

No. lA — For installation on finished wall. May be locked in any position. Size 

^in. 

No. 301 A and 201 A— For imbedding in plaster. Cover plate flush with finished wall . 
No. 403A — P\>r mounting on duct, lever adjustment. May be locked in any position. 
Sizes ^ and ^ in. 

No. 401A — For mounting on duct. Key adjustment. May be locked in any position. 
Sizes % a-iitl 

No. 900A-- For operating a splitter damper or deflecting vanes. 

No. 656 — End l)earing provides a bearing for the damper rod at side away from 
regulator. 



No,l A 



No. 301 A 



No SOI A 



No. 403 A 



No. 401 A 



Ul-- 

No. 900 A 



No. G66 


Young Remote Control and Dampers. 

No. 700A — For remote control of one or more dampers at distances up to 25() ft or 
more. 

No. 704 — Corner i)ulley eliminates friction on long rung or where there are many 
turns. 

No. 915 — Volume control grille gives equal distribution of air over entire grille and 
directional flow. 

No. 815 — Relief damper controls temperature in individual rooms. R(?mote bulb 
thermostat regulates dampers to give desired teinptjrature in each room. 



No, 816 
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Armco Steel Corporation 

Executive Offices, Middletown, Ohio 

Atlanta 3, Ga» * Detroit 2, Mich... . 5-261 General Motors Bldg. 

1437 Citizens & Southern Natl. Bank Bldg. Houston 2, Texas .. .. 1640 Commerce Bldg. 

Baltimore 13, Mn 3400 E. Chase St. Indianapolis 4, Ind. . . 800 Fletcher Trust Bldg. 

Berkeley 10, Calif. . Seventh and Parker Streets Kansas City 3, Mo. 7100 Roberts St. 

Boston 16, Mass 430 Park Square Bldg. Los Angeles 15, Calif. 328 Petroleum Bldg. 

Buffalo 2, N. Y. Louisville 2, Ky 1582 Starks Bldg. 

504 BufTalo Industrial Bank Bldg. Milwaukf.k 2, Wis. 

Chattanooga 2, Tenn. 627 First Wisconsin Natl. Bank Bldg. 

400 Chattanooga Bank Bldg. Minneapolis 1, Minn. 

Chicago 4, III 310 S. Michigan Ave. 010 Metropolitan Life Bldg. 

^ — o«.. . .. ^ y J20 Broadway 

7, Pa. 

1808 Lincoln-Liberty Bldg. 
Pa. 

1627 Henry W. Oliver Bldg. 
2112 Tower Petroleum Bldg. \^ / St. Louis 1, Mo. 817 Ambassador Bldg. 

Dayton 2, Ohio \ X South Bend 21, Ind.. 3202 W. Sample St. 

1802 Mutual Home Bldg. Tulsa 3, Okla. . 501 Mayo Bldg. 


CINCINNATI :so, uhio 829 ueita Ave. 

Cleveland 15, Ohio 

1516-20 B. F. Keith Bldg. 
Columbus 15, Ohio . . 724 Atlas Bldg. 
Dallas 1, Texas 



JN KW 1 ORK d, J 

Philadelphia 
Pittsburgh 22, 


Choose the Correct ARMCO Grade 

There is a grade of Armco Sheet Steel especially suited to each air conditioning appli- 
cation. For detailed information get in touch with the nearest district office or write 
direct to Armco Steel Corporation, 481 Curtis St., Middletown, Ohio. 


ARMCO ZINCGRIP 

A special zinc-coated sheet that can 
be severely formed without peeling or 
flaking of the tightly adherent zinc coat- 
ing. 

Used for: 

Ducts (severe fabrication) 

Squirrel Cage Type Blowers 
Fan Housings 
Casings 

ARMCO ZINCGRIP-PAINTGRIP 

Same as Armco Zincgrip, but with a 
mill-Bondcrized finish for immediate ! 
painting without pre-treatment. Pre- | 
serves life and beauty of paint and \ 
enamel. I 

Used for: j 

Ducts (painted) I 

Exterior Casings i 

All parts to be painted 

Armco Cold-Rolled Paintgrip: For 
painted applications under less corrosive 
conditions. Takes and holds paint. 


ARMCO Stainless Steel 

Armco Stainless Steel is available in 
a variety of typos and grades in sheets, 
strip, bars, wire, jdates and angles. 

Used for: 

Oil Burner Nozzles 
Worm Feed for Stokers 
Ribbon Type Burners 
(Combustion Chambers 
Heat Flues and Tubes 
Humidifier Pans 
Fan and Blower Blades 
Parts of Controls 
Vaporizing Oil Burner 
Trim 

Special grades have excellent resist- 
ance to destructive heat-scaling up to 
2000°P\ Also highly corrosion-resistant. 


ARMCO ALUMINIZED Steel 

An aluminum-coated sheet steel with exceptional resistance to heat and corrosion. 
Resists heat discoloration up to approximately 900°F , and will withstand heat scaling 
at even higher temperatures. Also offers exceptional heat reflectivity. 

Used for: 

Combustion Chambers Inner Casings on Floor Furnaces 

Heat Exchangers Reflective Baffles on Radiant Heaters. 


1215 



Air System Equipment • sheet Metals 


United States Steel Corporation Subsidiaries 

Carnegie-Illlnois Steel Corporation, Pittsburgh and Chicago 
Columbia Steel Company, San Francisco 
Tennessee Coal, Iron & Railroad Company, Birmingham 
United States Steel Export Company, New York 
District Offices in all Principal Cities 



UaS.S COPPER STEEL 
For Superior Rust Resistance at Low Cost 


Corrosion resistance and cost are two 
determining factors of the type of metal 
to be used for various air-conditioning 
jobs. 

Copper Steel has 2 to 3 times the at- 
mospheric corrosion resistance of plain 
steel or pure iron as shown in the results 
of unbiased tests made at Pittsburgh, 
Ft. Sheridan and Annapolis by the Amer- 
ican Society for Testing Materials. 

The cost of IJ S-S Copper Steel is 
less than that of pure iron or coppcr- 
l)earing pun* iron and only slightly more 
than plain steel. Thus there often is a 
dividend of 200 per cent to 300 per cent 
longer life and a saving in the hrst cost 
as well. 

When galvanized, U S S Copper Steel 
produces a sheet that is rust resistant 
all th(^ way through — not just on the 
surface. It should be used for all ducts 
carrying humidified air or placed in 
damp locations such as basements, 
shower rooms, etc. 

U-S-S PAINTBOND 

U*S»S PaintBond shoultl be used 
whenever galvanized steel is to be 
painted. This special Bonderized sheet 
can be painted immediately, offers a 
much better surface for painting, lessens 
danger of the paint flaking and retards 
corrosion. It is used for ductwork, 
furnace housings and outdoor metal 
work. Produced in Chicago district. 

Send for our PaintBond booklet, 

U*S«S GALVANNEALED 

U«S«S Galvannealed has a tight, 
matte-surface zinc coating that with- 
stands severe forming operations with- 
out peeling or cracking. Suitable for 
immediate painting without aging or 
other surface preparation. Produced 
in Chicago district. 



Corrosion test of A.S.T.M. on 22 gage black sheets 
exposed at Annapolis, Md., October, JDIfi. The cop- 
per steel sheets outlasted all others in the test. 


U*S«S DUL-KOTE 

U»S*S Dul-Kote is a specially treated 
non-spangled galvanized 8h(*et which 
also can be painted immc'diately without 
aging or otherwise preparing the surface*. 
Produced in Birmingham district. 

Send for our Dul-Kote booklet. 

OTHER U«S«S PRODUCTS 
INCLUDE: 

Black Sheets — All grades, hot rolled, 
cold rolled in a number of different 
finishes. 

Stainless — Heat resisting steel for 
various uses wh(;rc temperatures are 
high and corrosion severe. 

Cor -Ten — High strength steel — greater 
strength, greater atmospheric corrosion 
resistance for smokestacks, hoods, etc. 
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Chicago Metal Hose Corporation 

EXPANSION JOINT DIVISION 
Maywood, Illinois 


PLANTS 

Maywood, Elgin and Rock Falls, 111. 

District Offices 

Atlanta Boston Chicago Cleveland Detroit Ft. Worth 

Los Angeles New York Philadelphia Pittsburgh San Francisco 

In Canada: Canadian Metal Hose Company, Ltd., Brampton, Ontario 


CMH CONTROLLED-FLEXING E3CPANSION JOINTS 

For pressures up to 300 psi — copper liners for temperatures to 400 F, stainless steel 
liners for temperatures to 1400 F (under certain conditions). 


CMH Controlled-Flexing Expansion 
Joints combine CMH “engineered curva- 
ture of corrugations’* u'ith precision de- 
signed control rings. The corrugation- 
mated control rings provide guided 
hexing of the joint and prevent any per- 
manent deformation of corrugations. 
Control rings are firmly anchored into 



Cut-utvay view of CMH ControUed-Flexing Expan' 
aion Joint with fwngod endo. 


corrugations to close working dimension 
tolerances. Expansion travel up to 6i 
in. may be secured with a single CMH 
E^ansion Joint. 

Standard sizes from 4 in. to 24 in. I.D. 
in either stainless steel or copper. Avail- 
able with or without stainless steel or 
Monel internal sleeves. 



CMH Controlled-Flexing Expansion Joint with Wdd- 
ing Ends. 


CMH FREE-FLEXING EXPANSION JOINTS 

. . . for pressures up to 30 psi , . . Stainless Steel or copper . . . temperatures to 
1400 F for Stainless Steel units (under certain conditions) and 400 V for copper. 


CMH Free-Flexing Expansion Joints 
are made with single or multiple corru- 
gations. Designed for expansion travel 
up to 1 in. per unit. Used in low to mod- 
erate pressure systems for controlling 
expansion up to ^ in. with each expan- 
sion joint. Additionally, misalignment 
correction or offset motion is calculated 
at -fs in. per corrugation when two or 


more corrugations are used. When more 
than four corrugations are used a greater 
lateral motion may be allowed, depend- 
ing on service requirements. 

Standard sizes from 4 in. to 24 in. I.D. 
in cither stainless steel or copper. Avail- 
able with or without stainless steel or 
Monel internal sleeves. 



Left— CMH Free-Flexing Expansion Joints 
with multiple-corrugations require less force to 
compress tnan single-corrugation joints. Force 
necessary to compress multi pie -corrugation 
joints may be calculated for copper by multi- 
plying inside diameter in inches by 100; for 
stainless steel, 150 times diameter in inches. 
Right— CMH single-corrugation Expansion 
Joint for travel up to i in. Force in pounds 
necessary to compress joint i in. may be calcu- 
lated for copper by multiplying 20)0 by inside 
diameter of pipe in inches; for stainless steel, 
multiply pipe diameter in inches by 300. 
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GRINNELL COMPANY. 


Heating,. Industrial and Power Plant Piping, Fittings, Hangers, 
Valves, Pipe Bending, Welding, Piping Supplies, Etc. 

Executive Offices: Providence 1, R. I. 


Ai.hany 7, N. Y. 

Atlanta 2, (ja., (Plant and 
Foundry) 

Baltimore 2, Md. 

Boston 9, Mahh. 

Buffalo 6 , N. Y. 

Charlotte 1, N. C. (Branch) 
(^mcAGo 9, 111. (Branch) 
Cincinnati 2, Ohio 
Cleveland 14, Ohio (Branch) 
(’’oLUMBiA, Penna. (Plant) 
CoLUMRi’K 15, Ohio 


Offices. Plants and Branches 
Cranston 7, R. I. (Plant and 
Foundry) 

Dali^ab 1, Texas (Branch) 
Detroit 2fi, Mini. 

Houston 1, Texas 
Kansas City Hi, Mo. (Branch) 
Memphis 3, Tenn. 

Milwaukee 3, Wis (Branch) 
Minneapolis 15, Minn. (Branch ) 
Newark 2, N. .1. 

New Orleans 13, La. 

New York 17, N. Y. 


PiiiLAi>Ei.iMiiA 34, Penna. 
(Branch) 

PiTTSHURCJii 22, Penna. 
Providence 1, R. I. (Plant and 
Foundry) 

Richmond 19, Va. 

Rociii!:ster 4, N. Y. 

St Louis 10 , Mo. (Branch) 

Sr. Paul 2, Minn. (Branch) 
Warren, Ohio (I’lant and 
Foundry) 


ORINNELL COMPANY OF THK PACIFK^ 


Fresno 1, Cal. San Francisi*o 7, ( al (Branch) Oakland 7, C*al (Branch) 

JiONG Beach 10, (^al. Los Ancseles 13, ( ai . (Branch) Sacramento 14, Cal. (Branch) 

Seattle I, Wash. (Branch) Spokane 15, Wash. (Branch) 

GRINNKIL COMPANY OF CANADA, LTD. 

Montreal, Que. (Branch) Vancoitver, B. C . (Branch) Toronto, Ont. (Plant and Foundry) 

WiNNiPEo. Man. Oshawa, Ont. (Foundry) 


PRODUCTS AND SERVICES- 

Complete Service on materials to 
Specification on Power Plant Piping, 
Industrial Piping, and Industrial Heating 
Systems; Prefabricated Piping including 
Pipe Cutting and Threading, Pipe Bends, 
Welded Headers, Welded and Welding 
Fittings, Lap Joints and the Grinnell line 
of products for Super Power. 

Grinnell Equiflo Valves for forced hot 
water heating systems; Grinnell Adjust- 
able Pipe Hangers and Supports ; Grinnell 
Cast Iron and Malleable Iron Pipe Fit- 
tings; Grinnell Flared Tube Fittings; 
Grinnell Malleable Iron Unions ; Grinnell 
Welding Fittings; Grinnell Thermoliers 
(Unit Heaters); Thermoflex Traps and 
Heating Specialties. 

Also Humidifying Systems; Piping for 
acids and other special materials. 

Malleable Iron, Brass, Bronze and other 
Castings ; Brass, Cast Iron, Wrought Iron 
and Steel Pipe ; Seamless Steel Tubing in 
Iron Pipe Sizes. 

Valves: Check, Diaphragm, Globe, 
Pressure Reducing and Regulating, Quick 
Opening, Safety and Y. 

Automatic Sprinkler Systems; Stand 
Pipes; Underground Supply Mains; 
Hydrants; Fire Pumps; Pressure and 
Gravity Tanks, 


Grinnell Equifio Valves 


For Forced Hot Water Heating 



Equiflo Valve 


The dcsigninK of forced circulation hot 
water heating systems is so simplified by 
the Grinnell Equiflo Valve that they can 
be laid out and installed as easily as 
vapor or steam systems. This valve con- 
sists of a regular type packless radiator 
valve with a cartriclgi* or tube made up of 
a series of orifices and baffles capable of 
setting up any required frictional resis- 
tance. This method of establishing any 
desired resistance docs away with elabo- 
rate calculation of pipe sizes. Grinnell 
guarantees perfectly balanced circula- 
tion to (^ach and every radiator where 
these valves are installed throughout tlu* 
system . 

Equiflo Data Book sent to interested 
parties. 
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GRINNELL ADJUSTABLE PIPE HANGERS AND SUPPORTS 

One of the chief advanUiKos of (irinnell Adjustable llanKcrs is that they permit 
adjustment of pipe lines after installation, thus obviating the necessity of turnbuckles 
or the removal of hangers. Their time and trouble -savirig qualities during installa- 
tion are equally exceptional. Below are shown a few Grinnell Plangers and Supports 
of particular interest to heating engineers. Send for Hanger Catalogue showing 
complete line. 

Adjustable Swivel Rings (Patented) 

6 These Malleable Iron Adjustable Swivel Rings 

(;an b(i uscid w'ith (kiach Screw Rod or Machine |l| 

Threaded Rod in connection with practically any 
type of Ceiling Flange, Expansion Case, Insert, 

Adjustment of at least V/z in. is secured by turn- W 

ing Swivel Shank. Swivel Shank automatically ® M 

locks, preventing loosening due to vibration in the 

Vhe Split Ring permits adjustment either before 
or after Ring is closed. A wedge type pin is loosely 
but inseparably east inf. the hingetT section for 
fastening this section after pipe is in place. 

Adjustable Swivel Pipe Rolls (Patent(‘d) 

An adjustable tyjx* of pipe roll using a 
single hanger rod. Swivel Shank allows 
H V(;rtical acljustmeni and automatically 

jgl locks, preventing loosening from vibra- 

CB-Universal Concrete Inserts 
l| (Patented) 

B II Mad(‘ of malleable iron, in one body 

^ size, to lak(‘ a special removable nut , 

tapped for ?s in., ^2 in., in., in. or 
Fiv Vo. i7/f H in. rod as required. Nuts automati- Ffu. Xo. shj 

SiriiA l*iin‘ Foil cally lock by means of V-type teeth on Cli-l'tnoersal Insert 
botli insert and nuts. 

GRINNELL WELDING FITTINGS 

Grinnell Welding Fittings are made 
from Seamless Steel Pipe or tubing and 
possess the same physical characteristics 
as standard, extra strong and o.d. steel 
pipe or seamless steel pipe* of comparable 
siz('. They can be used under the same 
conditions, pressures and temperatures 
as the pipe itself. 

All Grinnell Welding Fittings have 
welding faces for all plain circumferential , 
butt welds scarfed or beveled as follows: 

For wall thicknesses to J 4 inch inclu- 
90- Elbmv, lAmg Radiu, s've, 37^i <iog. ± 2}^ deg., Straight, bevel. ■!«" 

AngU‘s of bevel other than 373 ^ deg. can 
b(' furnished on special order. 



Fiq Vo. lift 
Sii'iu‘1 l*iiw Foil 


Ftfi. Xo. SHJ 
Cli- I'm rersal In sert 




90° Elbow, lAtng Radius 



Welding Tee 


Lap-Joint Sltdt End with 
Imp Flange attached 


Welding Lateral 


Bends, Cctts, Fittings 


Arthur Harris & Co. 

210-218 N. Aberdeen Street Chicago 7, HI. 

ENGINEERS AND BRONZE FOUNDERS— FABRICATORS 
OF NON-FERROUS METALS AND STAINLESS STEEL 


Metals Fabricated — Aluminum, Block Tin, Brass, Bronze, Copper, Everdur, Monel, 
Nickel, Inconel, Stainless Steel and KA2 SMO. Bulletin on request. 

B«ids 

We make bends in every shape from all sizes of copper tube, pipe and tubing in 
copper, brass, aluminum, stainless steel, monel, tin and nickel. Standard or special 
connections. U-bcnds for storage water heaters. 

Also special pipe work for industrial installations, plumbing, heating and brewing. 

Non-Ferrous Castings— “Dairy white** nickel silver for Process Industries Equip- 
ment. Suitable for milk and food products machinery. Castings also of 88-10-2. 
80-10-10, 85-5-5-5, silicon bronze and manganese bronze, and special mixtures. 


Copper Expansion Joints 

For low pressure and vacuum. 
Made in two styles — convex 
and concave. Sizes 4 in. to 60 
i n . diameter . Cast iron or steel 
flanges. Flanges ^drilled to 
American standard unless 
otherwise ordered : B-290 avail- 
able only in sizes 4 in. to 15 
in. inclusive. 




Coils 

For beating, cooling and con- 
densing. All shapes made from 
any size pipe or tube — standard or 
special connections, of copper, 
brass, aluminum, stainless steel, 
KA2 SMO, monel, inconel, nickel, 
block tin, and Everdur. 


Metal Floats 



Column Bail Flat Cylindrieal Cylindrical Cylindrical 

Made of copper, plain steel, copper plated steel, stainless steel, KA2 SMO, alumi- 
num, brass. Monel, pure nickel. Admiralty and Everdur, for open tank and all 
pressures. 

Seamless copper ball floats carriedi n stock in diameters of 3 in., 4 in., 5 in., 6 in., 7 
in., 8 in., 10 in., 12 in. for open tank and pressures of 25, 50, 100 and 150 lb. Floats in 
special sizes and pressures — made to order. Stainless steel ball floats 2^ in. to 12 in. 
for high pressure and corrosion carried in stock — special stainless steel floats made 
to order^tainless steel ball floats larger than 12 in. diameter can be made up spe- 
cially. Float catalog sent on request. 
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Taylor Forge & Pipe Works 

General Offices & Works: Chicago 90, HI. (P. 0. Box 485) 

Eastern Plant: Carnegie, Pa. Western Plant: Fontana, Calif. 

Distrif^ Offices „ 

New York: 50 Church Street Chicago District Sales: 208 S. LaSalle St. 

Philadelphia: Broad Street Station Bldg. Houston: City National Bank Bldg. 

Pittsburgh: First National Bank Bldg. Los Angeles: Subway Terminal Bldg. 

Distributors in all industrial trading areas. 

TAYLOR FORGE 

WELDING FITTINGS AND FLANGES 








Bends, CoUs, Fittings • 



Tube Turns, Inc. 

General Offices and Factory: Louisville 1, Ky. 



TRADE MARK 

CHXCAao, Suite 904, 600 S. Michigan Ave. 

llArriaon 7-8527 

Houston, 1706 Commerce Bldg. Charter 4-1668 
Loh Angeles, 1489 W. Washington Blvd. 

Prosjiect 8746 


DISTRICT OFFICES; trade mark 

New York, 150 Broadway . . Rector 2-7844 

Philadelphia, Broad Street Station Bldg., 

Rittenhouse 6-0722 
Pittsburgh, 3001 Grant Bldg. . . Atlantic 8848 
Tulsa, 317 So. Detroit Ave Phone 2-9193 


San Francisco, 2611 Russ Bldg. Garfield 1-2594 

— DISTRIBUTORS IN PRINCIPAL CITIES 



Reducing 
Outlet Tee 


Long 

90° Short Radius Elbow 90° Long Radius Elbow Radius Elbow 

In addition to carbon steel welding fittings listed here, 
the complete Tube-Turn line (‘inbraces many alloys — 
types 304, 347 and 316 stainless, carbon moly and chrome 
moly steels, copper, aluminum, brass. Monel, Inconel, 
nickel and wrought iron. Dimensions and engineering 
data are included in the Tube-Turn SlainlesH Steel 
Catalog and Catalog No. Ill j sent on request. 

TUBE-TURN SEAMLESS WELDING FITTINGS— RANGE OF SIZES 


Description 


Elbows — 90“ Long 
Elbows— 90“ Short 
Elbows— 46“ Long 
Returns— 180" Long 
Returns — 180“ Short 
Returns— 180“ Ex. Long 
Tees — Straight 
Tees— Reducing Outlet 
Reducers— Concentric 
and Eccentric 
Caps 

Stub Ends— Lap Joint 
Saddles 

Laterals — Straight 
Laterals - Reducing 
Crosses— Straight 
Rings- -Welding 
Sleeves— Welding 


.Stand- 

ard 

W’ eight 

Extra 

Strong 

Sched- 

ule 

160 

Double 

Extra 

Strong 


>$*-24* 

H*-24* 

1*-12* 

?4*-8* 

4*-24* 

l*-30* 





H*-30** 

H-so"* 

1*12* 

»4*-8* 

4*-24* 

w-w 

^'-24' 

r-12' 

2'-8* 

4*- 24' 

l'-30* 

lV4*-30* 









>^*-24* 

H^-24* 

H*-12* 

^*-8* 


>^*-24* 

^^^-24* 

a4*-12* 

3,*-8* 



?4*xH" 

?4*x5^* 

?4*xH* 


24*x20* 

24*x20* 

12*xl0* 

8*x6* 


?i*-24* 

?4*-24* 

l*-12* 

r-8* 


J^*-24* 

2*-2- 

>^*-24* 




1J4*~24* 

24* 




lK'^-24* 

lk*-24* 




5^4*-24* 

?4*-24* 




^4*-24* 

^4 *-24* 




2*-24*** 






Iron 

Pipe 

.Size 

r-12'' 

r-12'^ 

3'- 12' 


Lap .foint 
Stud End 


IH0° Long 
Radius Return 


Cap Straight iMteral 



Saddle 


Straight Cross 


* 30* size short radius. ** Do not conform to iron pipe size thicknessc.s. 

TUBE-TURN FORGED STEEL FLANGES— RANGE OF SIZES 

- 

Lb 

r-12* 
4 *- 12 * 
12 



Description 

150 

Lb 

300 

Lb 

400 

Lb 

600 

Lb 

900 

Lb 

1500 

Lb 

Welding Neck 

i*-24* 

4*-24* 

**-24*t 

**-24* 

**-24** 

**-24* 

Slip-On 

f*-24* 

4*-24* 

**-24*t 

**-24* 

**-24** 

**-24* 

Lap Joint 

|*>24* 

**-24* 

**-24*t 

**-24* 

**-24** 

**' 24* 

Threaded 

4*-24* 

**-24* 

**-24*t 

**-24* 

**-24** 

**-12* 

Blind 

4*-24* 

**-24* 

**-24*t 

**-24* 

**-24** 

**-24* 

Socket Type 

i*-24* 

l*-4* 

r-3**t 

i*-3** 


Red ucing — Sli p- 
On or Threaded 

i*-24* 

i*-24* 

r-24*t 

r-24* 

r-24** 

r-24* 

Orifice- 



Threaded 


l*-24* 

4*-12* 

4*-12* 

3*-12* 

1*-12* 

Slip-On 

Welding Neck 


l*-24* 

l*-24* 

^-12* 

r-12* 

3*--12* 

1*-12* 


Ulind Flange 


I':'*' 


12 * 


r-12 


Welding 

Ring 


0 


Welding 
Neck Flange 


Socket Flange 


t Dimensions on sizes thru 31* same as for 600 lb. fiai 
* Dimensions on sizes thru 24* same as for 1500 lb. 



langes. 
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Controls and Instruments 


Alco Valve Company 

ENGINEERED REFRIGERENT CONTROLS 
851 Kingsland Avenue, St. Louis 5, Mo. 
New York Offkje: 122 East 42nd Street 



THE COMPLETE LINE OF REFRIGERANT CONTROLS 
ALCO THERMO EXPANSION VALVES 


THERMO EXPANSION VALVES: for automatic control of liquid refrigerant on all 
types of refrigeration and air conditioning systems. Capacities — from fractional 
tonnage to 1(K) tons Methyl (Chloride, 50 tons “Freon-12.*' 








Controls and Instruments 


Detroit Lubricator Company 

INtMoo of Awwcaw Rwimimi & ^toniuNl fiuntsf euavmtmim 

General Offices 5900 Trumbull Ave., Detroit 8, Michigan, U. S. A. 

Nsw York 18, N. Y., 40 West 40th Street Chicago 6 , III., 816 S. Michigan Avenue 

Export Department— Box 218, Ridgefixld, N. J. 

Canadian Repreaentativea: 

Railway and Enginbbrino Spbcialtibb Limitbd, Montreal, Toronto, Winnipeg 




Automatic Controls 
Detroit Lubricator Com- 
pany manufactures a very 
complete line of electrical 
controls, designed to o| 3 en or 
close an electrical circuit 
with changes of temperature 
or pressure. The Wo. 411 
Thermostat (illustrated) is 
a low voltage model and is 
made in plain and Day and 
Night types. All No. 411 
Thermostats are available 
with heat compensation to jvo. 4 // 
provide smooth, accurate 
temperature control. The No. 855 Mer- 
coid Hoorn Thermos^t 
(illustrated) is a line 
voltage type — available 
in heating, air condition- 
ing and refrigeration 
ranges. 

For industrial use the 
No. 250 and No. 450 line 
of pressure and teinpera- 
ture controls is available, 
in pressure ranges from 
No, 866 2 ^ in. vac. to 350 lbs, and 

in temperature ranges from —30° F to 
495° F. Write for Catalog No. 100-C. 

Furnace Controls 

Also available is a full line of blower, 
limit, combination blower and limit 
controls, such as the CA-815 illustrated. 
There is a “Detroit '' control available 
for practically every application where a 
dependable device is required to open or 
close an electrical circuit with changes of 
pressure or temperature. Write for com- 
plete information. Our Engineering De- 
partment is always ready to make recom- 
mendations on any specific problem. 
Write for Catalog No. 100-C. 





Gas Valves 
The No.V-570 
Electric Gas 
Valve is an elec- 
trically oper- 
ated valve for 
control of gas 
lines from } to 
li in. It pro- 
vides partial 
„ „ opening upon in- 

No. V-670 jjjiaj operation, 
permitting quiet ignition of ^as. Inex- 
pensive, compact, attractive in appear- 
ance, and easily serviceable. Write for 
Catalog No. 300. 

No. V-574 Electric Gas Valve has all 
the features of No. V-570, with the addi- 
tion of mechanical limit control. If 
pressure or temperature exceeds the limit 
setting of the valve, the valve will close 
and remain closed until normal operating 
conditions are restored. No. V-574 is 
available with pressure type mechanical 
limit control 

for steam (V- \ 

574-S) or with ' f i * 

temperature I ) I 

type mechani- / S 

cal limit con- [ ^ 

trol for warm I M 

air or hot wa- JL 
ter, (V-574- ■ 

FW). ■ 

Operation is B 
quiet and the B 
valve func- 
tions inde- 
pendently of 
gas pressure. 

Ask for Cata- 
log 300. 





Solenoid Valves 


No. CA8t6 


“Detroit” Solenoid 
Valves for control of 
water, air, oil, gas, or 
refrigerant, embody 
many desirable fea- 
tures. A.C. hum is 
minimized and they 
will open against high 
pressures. Available 
all standard volt- 
No. ms Q or D.C. 

No. 683-3 (illustrated) is a small size 


i 




Detroit Lubricator Company 


Controls and Instruments 


valve with i in. connections. No. 681 
is a pilot operated) intermediate size 
valve, and the No. 686 is a large pilot 
^erated valve with capacity up to 17 tons 
Freon-12. No. 686 valve available with 
flanged connections. No. 681 and 686 are 
furnished with manual opening feature to 
permit opening in case of current failure. 
All models may be taken apart and 
cleaned in the field without removing 
from pipe lines. Write for Bulletin No. 
199. 



“Detroit” Thermostatic 
Expansion Valves 

“Detroit” Thermostatic Expansion 
Valves are designed to keep the evapora- 
tor in a refrigerating system completely 
refrigerated. Power elements are “gas 
charged” to a definite pressure, for motor 
overload protection; providing quicker 
response and more sensitive control. 
Capacities from i to 20 tons Freon-12. 
All needles and seats are mad(^ of Delu- 
baloy, a very hard, corrosion resistant 
alloy to insure long, trouble-free service. 

No. 673, the “standard of the indus- 
try,” has a long record of dependability. 
It is sensitive and accurate in operation. 
No. 573 has the quality and operating 
characteristics of the 673 for smaller in- 
stallations. It has a single power ele- 
ment with double diaphragm. Write for 
catalog No. 200B for complete expansion 
valves listings. 


and for maximum sensitivity. Needles 
and seats are hard, corrosion resistant 
Delubaloy. 

Automatic and thermostatic types in 
capacities from i to 20 tons Freon-12 and 
.9 to 36 tons mhthyl chloride. Write for 
Catalog No. 200-B. 



Refrigerant Distributors 

“Detroit” No. 790 Refrigerant Dis- 
tributors insure a uniform supply of re- 
frigerant to all sections of multiple 
circuit evaporators and arc attached 
directly to the expansion valve by means 
of a flanged or union connection. These 
corrosion-resistant distributors are avail- 
able for “Detroit” Thermostatic Expan- 
sion Valves No. 786, No. 787, No. 788 and 
No. 899. 

They are made in five types of 2 to 18 
passes for the above valves. 

All distributors are designed for use 
with i in. O.D. copper outlet tubes. 

For complete capacity tables write for 
Bulletin No. 207. 

“Detroit” Float Valves 
For Vaporizing Oil Burners 



“Detroit” 
Single Diaphragm 
Expansion Valves 

These valves are 
of single dia- 
phragm construc- 
tion. The dia- 
phragm is made of 
special alloy, care- 
fully tested for flex- 
ibility to assure 
uniform capacities 
and smooth opera- 
tion. Power elements are gas charged 
for protection against motor overload 


CRC t39 Single Metering Float Valve 

Used On Oil Burning Water Heaters, 
Space Heaters, Furnaces, Ranges. 

“Detroit” Float Valves provide the 
best, most reliable control for vaporizing 
oil burners. Easily cleaned, mainte- 
nance is never a problem. Full tempera- 
ture compensation assures even flow of 
fuel regardless of oil temperature. 

Model shown is for manual operation. 
Models are available for thermostat con- 
trol — with draft fan control — and with 
temperature control (for water heaters, 
etc.). 

Write for Catalog 400. 
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GENERAL 

801 ALLEN AVENUE 


CONTROLS 

GLENDALE 1, CALIF. 


MoHu^acUiWU, ol Auiomaidc PhmIUM, ConiuUi 

PACTOEY SIANCHISs BIRMINGHAM (3), BOSTON (16). CHICAGO (5). CLEVELAND (15). DALLAS (2). DENVER (10). DETROIT (8). 
HOUSTON (2). KANSAS CITY (2). NEW YORK (17). PHILADELPHIA (40). PITTSBURGH (22). SAN FRANCISCO (7). 
SEATTLE (1) OKLAHOMA CITY (1) • DISTtlBUTOES IN PRINCIPAL CITIIS 



THERMOSTATS 

Compact, snap-action, 
T-70 Metrotherm Ther- 
mostat. Functional 
beauty for accurate, n^- 
mote control of desired 
temperature. Kxtends 
only V?!* from wall. 
Streamlined stainless 
cover, sensitive to slight- 
est temperature change, 
ivory plastic base. 

MAGNETIC GAS VALVES 

TypeT-70 Versatile, two -wire, 
straight magnetic cur- 
rent-failure valve. Pack- 
1 ^‘ss. Insures tight shut - 
otT indefinitely. Hum- 
less. Size range, Js in. 
to 6 in. I.P.S. Operat- 
ing pressures up to 5 lb. 
Voltages and frequen- 
cies A.C. or D.C. Quiet, 
W positive, trouble-free. 

W Available in explosion- 

Type K-SB proof housing. 

SLOW OPENING GAS VALVES 

t For industrial and com- 
mercial burners and fur- 
naces. Adjustable open- 
ing time, 5 to 50 secs. 
Wide pressure range up 
to 5 lb. Size % in. to 6 
in. I.P.S. Ample power 
for louvre control. 
Damper arm easily ro- 
TypeB-65 tated. Packl(*ss. 

MAGNETIC VALVES 

Provides six times more 
power than ordinary s()- 
lenoid valves. C'oiitrols 
air, gas, water, light, 
heavy oils, steam. Pos- 
itive mjening, complete 
shut-ofi, packless, hum- 
free. Available for any 
voltage, A.C. or D.C., iii 
sizes up to 1^ in. I.P.S., 
port sizes up to H in. K-2() Series is de- 
signed for applications where single nee- 
dle port sizes provide sufficient flow ca- 
pacity. W-3 Series are magnetic 3- way 
valves for controlling fluid to piston anil 
diaphragm operators on valves, doors, 
, etc. 



Type K-10 


B-60 GAS ACTUATED 
PACKAGE SETS 



Kveryt hing needed in a convenient pack- 
age for remote gas control — H-6() Valve, 
Trimtherm Thermostat, Pilot Burner 
(ienerator and 25 ft of wire. No outside 
curr(*nt required. Safe, quiet, depcuid- 
al)le. Applicable to gas furnaces, floor 
furnaces, boilers, circulators, gas radi- 
ators. Operat(*s on all types of gases. 

♦hi-g MAGNETIC VALVES 

Designed for positive 
operation on aircraft, 
trucks, tractors, tanks, 
graders, ships, and other 
moving eijuipment. 

Handle all fluids, vapors 
and gases on anything 
that rolls, floats or flies 
at pressures up to 3000 lb 
or more. Packless, two- 
wdre, current - failure 
type*, available normally open, normally 
closed for int(*rinittent or continuous 
duty. 



•Traiio Marli — “hi-R” indicutes jKisitive uldliiy t(i 
function in any poaition, rcRardlcHH of vibration, 
cliuiiKcof motion or uccelcriitioii. 


REFRIGERANT 

CONTROLS 

Magnetic piloted, two - 
wire, current failure, 
high i)reH8ure, packh'ss. 
Handle large capacities 
with minimum pressure 
drop and loss. Tight 
shut-off. Operates on 
wide variety of fluids and 
gases. 
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Controls and Instruments 



TypeO-i-7 


HYDRAMOTOR VALVES 

Simplify valve control in- 
stallations. Two- wire, cur- 
rent failure, electric - hy- 
draulic operation. Ample 
motor - driven power, slow 
opening and closing move- 
ment. Operator drives 
against a spring in one di- 
rection; power failure or 
opening of circuit causes 
spring to operate in other 
direction. 


MANUAL RESET VALVES 

Equipped with manually- 
reset electromagnetically- 
held valve operator. (Cur- 
rent flowing t.o operator 
permits manual opening by 
turning valve wheel at side, 
(■urrent failure reh'ases op- 
erator allowing valve to 
close. Trip-free mechanism 
cannot be opened under 
unsafe conditions. Once 
closed, valve is re-opened 
manually because applying 
V’lto current has no effect. 


Type V'tW 


STRAINERS Actual t ests prove impor- 
t ance of st rainers in prolong- 
ing operating life and reduc- 
ing leakage of flow controls. 
S-5 Series STRAINERS 
come in S types; meshes 3/16 

^ in. diam. to 120-j)er-inch. 

Type S-5-1 ' 


THERMOPILOT (Valve Model) 

H Manually - reset , 

JL elect romagnetically- 

held -open valve with 
fcrJ ^ II \ current generated by 


THERMAL EXPANSION VALVES 

Type V-200 with new se- 
lective capacity car- 
tridge provides instant 
sizing adjustment. Only 
one valv(^ re^fuired for 
full capacity range in 
each body size at all 
back pressure or suction 
tfmiperature ranges. h\>r 
Freon, Methyl Chloride 
or Sulphur Dioxide. 

GAS FUEL GOVERNORS 

Throttle gas lines according ~ 

to boiler pressure applied to 
diaphragm. Ball bearing 
thrust adjustment., ground 
and polished non-corrosive 
stems, low friction packing 
gland seal, multiple calibrat- 
ed springs, high lift for maxi- 
mum capacity. Suitable for 
butane, natural or manufac- 
tured gas. Available 3/^ in. TypeV-25-6 
to 3 in., I.R.S. 

RELAYS AND TRANSFORMERS 

Type RS-KX) handles 
single phase motor 
loads up to 1 hp or heat- 
ing loads up to 1.1 kw. ^ 

Combines double-break 
relay and integral 
transformer. Normally 
open; large double - 
break contacts. Two- 
wire control circuit; 
maximum holding cur- 
rent 0.4 amps. Fur- 
nishe<i with ^2 hi. con- 
duit connections and Type RS-m 
low voltage outlet. 

A.(\ only. 

TANK THERMOSTATS 




Type RS-lOO 


single couple subject ! Averages 6 to 10 de- 


toheat of pilot flame. 
.\ vail able in. to 
D > in. I.P.S. 


Type MR-2 


kill 


grees effective differen- ^ 
tial on water heater. 

Saves fuel by eliminat- 
ing over heating due to 
large differentials. 
THERMOPILOTS Temperature range, 

Proven principles of op- to 170 F. Also to 230 F. r./;/ 
eration insure dependa- " 

bility. Flame applied to LOW PRESSURE GAS REGULATORS 
thermocouple maintains New V-300 Series are 
electrical contact , allow- reliable, trouble-free 
ing electrical gas valve to valves with high cap- 
mien. When flame fails, acity, close regula- 
Thermopilot. opens cir- tion, yet small and 
cuit to main gas valve. compact. Regulator 
Flexible, armored, ashes- size range from to 
Type A- m) tos-covered cable (let ach- 2 in. I.P.S. Internal Type VSOO 

able from relay. 2 or 3- parts, corrosion-resistant. Cast iron reg- 
wirc control. Electrical rating, 2 amp., 24 ulator bodies, long life calibrated springs, 
volt; I amp., 115 volt; 0.5 mp., 230 volt. properly fitted all-metal valves. 
GENERAL CONTROLS manufactures a complete line of Automatic Pressure, Tem- 
perature. Level & Flow Controls. For complete specifications request Catalog. 
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The Electric Auto-Lite Company 

INSTRUMENT AND GAUGE DIVISION 





TOLEDO 1, OHIO 

i NEW YORK • CHICAGO • SARNIA, ONTARIO 


TEMPERATURE INDICATING & RECORDING THERMOMETERS 



Model 500 Recording Thermometer 


Temperature cycles are permanently 
charted by the Auto-Lite Model 500 Re- 
corder. Precision -engineered for accu- 
racy, it has le^ble 6 in . chart. Uniformly 
spaced subdivisions insure accurate read- 
ings. The movement is liquid-filled and 
responsive to changes throughout the 
temperature range. Head is compen- 
sated for temperature changes. 

All recorders are enclosed in dustproof 
and moistureproof aluminum cast cases. 
Movements and all actuating parts made 
of non-ferrous metals. With double 
braided flexible armored capillary tubing 
of bronze composition or A in. semi-rigid 
copper tubing where capillary is to be 
immersed in liquids. Standard chart 
ranges between minus 40^F and plus 
550^F. 

Choice of 24-hour or 7-day mechanical 
clock movement. Complete with 100 
charts, bottle of recorder ink, ink 
dropper. Wide choice of temperature 
ranges. 

Model 500 is made in 3 standard types: 
WALL MOUNTING, with brackets for 
mounting; bottom connection. PORT- 
ABLE with spool-wound c^illary, and 
strap handle. PORTABLE, SELF 
CONTAINED, with strap handle. 



Model F-1 Indicating Thermometer 

This thermometer is designed to facili- 
tate systematic temperature observation 
for air conditioning, refrigeration or 
heating applications. It has large, easily 
read dial, evenly calibrated and fully 
compensated for temperature changes at 
the indicating head. Choice of tempera- 
ture ranges between minus 40 °F to plus 
750°F. 

Equipped with flexible capillary tubing 
for distance reading, or with rigid stem 
for direct mounting. 

Auto-Liters perfected one-to-one liquid 
filled movement eliminates delicate 
parts. Due to its strong construction, 
these instruments are particularly suited 
for installation on equipment where vi- 
bration is a factor. 

Available with adjustable, electric alarm 
contact at small added cost. 

Model F-1 — 5i in. dial 
width 

Model F-2 — 4 in. dial 
width 

Diagram at right shows 
3 positions at which Auto- 
Lite Indicating Ther- 
mometers may be 
mounted by screw adjust- 
ment. 

Send for iUustrated Catalog describing styles 
and types of Auto-ldte Thermometers, in- 
cluding detailed information on dial and 
chart ranges available. 
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Henry Valve Company 

MELROSE PARK, ILLINOIS 

(A Chicaco Suburb) 

HENRY PRODUCTS FOR REfRIGERATION. AIR CONDITIONING, AND IN- 
DUSTRUL APPLICATIONS: CONTROL DEVfCES, VALVES, STRAINERS, 
DRIERS, FITTINGS. AND ACCESSORIES. 


Balanced-Action 
DIAPHRAGM 
PACKLESS VALVES 

Line shut - 
off, branch 
shut-off, and 
angle types; 
flare, solder, 
or pipe con- 
nections. 

Hand expansion types also available. 
Forged brass body and bonnet, ports-in- 
line, non-directional stainless steel dia- 
phragm. Stock sizes to S.A.E., 
W to 1%'^ O.D.S., to V F.P.T.:i 



WING CAP 
PACKED VALVES 

Globe and anp;le 
types, bronze with 
solder connections, 
semi -steel with sol- 
der and pipe con- 
nections. Float- 
ing, replaceable 
stem disc, back- 
seating to permit repacking under pres- 
sure, wrench socket in top of wing cap 
operates valve. For ‘Treon” or methyl 
chloride. Sizes: Bronze globe, to 
solder; bronze angle, to 
solder; semi -steel, globe to 2^; semi- 
steel, angle Y!" to 2"; flanged semi -steel 
globe with tailpieces for IH'' to 
solder and for to 5" I.P.S. butt weld. 



RELIEF VALVES 

Diaphragm Type (Illustrated) : 

For low-pressure refrigeration. 

Approved under safety codes. 
Diaphragm actuated. Sizes, 
m* F.P.T., T/i*' solder. Solder 
extensions provided to protect 
internal parts from heat. 

Smaller relief valves also avail- 
able. See Catalog 98. 

Ferrous Type: For ammonia, “Freon,” 
or methyl chloride. Approved under 
safety codes. Sizes to T F.P.T. See 
catalog for illustrations and details. 



DRIERS 


Henry Abso-Dry Driers are charged with 
dehydrated air. When seal caps are 
opened at time of installation, niss of 
escaping air proves drier is free of mois- 
ture or leaks. Perforated dispersion 
tube prevents “channelling.” Brass 
shells and forged brass end caps. The 
50 mesh and 30 x 250 Dutch Weave monel 
screen outlet filter will not collapse under 
any system pressure. Reflllable and non- 
reflllable types. See Catalog 98. 



Type 756 (Illustrated): Cartridge -type 
drier with side outlet, compression 
spring, dispersion tube, safety cylinder 
and distortion-proof access flange. De- 
hydrant volume capacity 12 to 5^ cu in. 
Sizes 3^^ to 2H'^ O.D.S. 

STRAINERS 


Henry strainers feature large capacity 
and easy cleaning brass shell with forged 
end caps, silver brazed construction. 
Sec Catalog 9«. 






Type 866: 

Angle 
strai n er 
with sol- 
der con- 
nections, 
reinforced 
100 mesh monel metal screen, drawn brass 
shell, distortion-proof access flange. 
Screen area 23 to 105^sq in. Sizes 
to 2%'^ O.D.S.1 



Type 895: “Y” 
strainers have 
steel welded 
shells with 
forged brass 
connections for 
solder lines' and 


steel connections for F.P.T. applications. 
Brass plated. Welded construction, dis- 
tortion-proof access flange, protective 
baffle on inlet. Screen area 23 to 175 
sq in. Capacity and connections for 
to O.D.S.; V to 3^ pipe. 

Sold and Recommended by Leading 
Refrigeration Jobbers in 130 Cities 
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Hubbell Corporation 

319 N. Albany Ave. 

Chicago 12, 111. 

Designers and Manufacturers of Automatic Control Valves For All Refrigerants 




Type SA-5, SF-6 



Type SA-6, SF-G 



Type “r” 


Typo SA-5, SA-6, SF-5 and SF-6 Back Pressure Regulat- 
ing Valves are of the conventional type used to maintain 
a constant evaporator pressure. 

Type SA-7, SA-8, SF-7 and SF-8 Combination Back Pres- 
sure Regulator and Stop Valves. This regulator is of 
the conventional type used to maintain a constant evap- 
orator pressure and the addition of a small electric pilot 
valve built into the head, makes it a suction stop valve. 
The DSA-0 and DSF-9 is a dual regulator which will con- 
trol evaporators with two load conditions requiring 
different refrigerant temperatures. The diaphragms in 
the dual head may be set for any two evaporator pres- 
sures and will automatically change from one to the 
other by the opening or closing of the electric pilot valve 
which is built into the head. 

The SAC-6 and SFC-6 valves are of the compensating 
type and are used where a constant temperature is de- 
sired in the medium being cooled. These valves will in- 
crease or decrease the evaporator pressure to compensate 
for the increase or decrease of the cooling load. These 
valves arc made to operate with air or electricity. 

The Type ‘‘T” suction stop valve is U8(*d on installations 
where automatic suction line (control is required. It is 
operated by high pressure gjis and its (‘onstruction makes 
a tight closing valve and its dependability far surpasses 
the conventional magnetic stop valve. 

All of the valves have built-in oi)eniiig stems, which 
eliminates the by-psisses usually usc‘(l for manual opera- 
tion. Available with either screwed, welding type 
flanges or copper tube connections, in sizes from “A in. to 
S in. inclusive. 

Solenoid Valves from Vs in. to 2 in. inclusive for liquids 
and giises with composition seat discs readily renewable, 
coils for any electrical characteristics, built-in lifting 
stem standard, available with either screwed, welding 
flanges or copper tube connections. 

Strainers are available in all sizes for licjuid and giis with 
very large screen areas and arranged to bolt directly to 
valve or with screwed, welding flange or copper tube con- 
nections for installation wherever strainer is necessary. 
Write for complete information on these and our many 
additional Refrigeration C'ontrols and .\(H*essories. 



Controls and Instruments 


Illinois Testing Laboratories, Inc. 

iioom 51 G, 420 N. La. Salle Rt., Chicago 10, 111. 


Precision Instruments for Every Industry 


The direct-reading ALNOR 
VELOMETER 



TYPE 4-P Standard minimum net for heatinq and air I 
conditioning air nelocitg nienmiemfuts. \ 



The Alnor Velometer is nii iiistan- 
tiineous, direct-reading nir velocity 
inider designed for convi'iiient , rajiid 
determination of air velocities in air 
conditioning, luxating and vi'iitilating, 
and exhaust syst(*ins. It gives instan- 
taneous direct readings in feet per min- 
ute, without timing, calculations, or 
reference to tables or charts. Accurate 
information on performance of eipiip- 
ment, duct systmns, c*tc., can b<‘ oli- 
tained with a few moments’ insjieetion 
with the VELOMKTIOIL It can be 
effectively used to locate drafts and 
leaks around windows and doors, or in 
duct systems. 

The Alnor Velometer is built in sev- 
eral standard rangi's from 2t) fpm to 
(MKM) fpm, and up to 8 in. static or total 
pressure. Sjiecial ranges available* as 
low as 10 fpm and up to 25, ()()() fpm 
velocity and 20 in. pnissure. 



Alnor Velometer, Jr. A miniature, di- 
rect reading Velometer -4 in. high, 3 in. 
wide, 1-J in. deep. Weight, Soz. Accu- 
rate, strong. Available in single and 
dpubh* scale ranges: 0-2(MK) to 0-25(K) 
fpm. Bulletin 725 



Alnor Thermo-Anemometer. For accu- 
rate measurement of low air velocity, 
("ompact, direct-reading, battery oper- 
ated, self-contained, portable. Scale 6 
in. Meter range, 0-600 fpm. Accurate 
readings as low as 5 fpm. Temporary 
Bulletin 91 3- A. 
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Johnson Service Company 

AUTOMATIC TEMPERATURE AND AIR CONDITIONING CONTROL 
General Office and Factory 

Milwaukee, Wis. 

Direct Branch Offices in Principal Cities 

Johnson Tbmpbraturb Rboulatinq Go. of Canada, Tjtd.. 570 Quebn St., E., Toronto, Ont. 
Halifax, N. S. Montreal, Qub. Winnipbo, Man. Calgary, Alta. Vancouvbr, B. C. 


PRODUCTS AND SERVICES 

Manufacturers, Ei^ineers and Contractors for automatic tem- 
perature and humidity control systems applied to all types of 
heating, cooling, ventilating, air conditioning and industrial 
processing installations. 

Space Control — Automatic control of room temperatures and 
humidities, applied to radiators, radiant heating, unit ventilators, 
unit heaters and heat delivery ducts. Johnson * ‘Duo-Stats” 
maintain proper relationship between outdoor and heating system 
temperatures f or groups of radiators , or ‘ ‘heating zones . ” A com- 
plete line of controllers for air conditioning systems, heating, cool- 
ing, humidifying, dehumidif^ring. 

Process Control — Automatic temperature and humidity control 
for every range required in manulacturing and industrial proc- 
essing. Thermostats, valves and dampers applied to tanks, 
dryers, vats, kettles, curing rooms, coolers, kilns, etc., in textile, 
rubber, pulp and paper, petroleum refining, meat packing, dairy- 
ing, baking, sugar refining, brewing and distilling, tanning, candy 
making and other industries . 

Nation-wide Service — Johnson sales engineers, and trained in- 
stallation men available at all branches listed above. None is an 

§ agent, jobber, or part-time representative. All are salaried em- 
loyees, devoting their efforts to the interests of the Johnson 
ervice Company and its customers. 

Send for Bulletins describing Johnson controllers. 

JOHNSON THERMOSTATS 

Room Thermostats — Proportional (gradual) or two -position 
(positive) action, maintaining temperatures within one degree 
above or below point of setting. Various covers, allowing wide 
selection of adjusting features, guards and method of mounting. 
Red-reading thermometers with magnifying tube attached to 
covers. 

Insertion and Immersion Thermostats— Rigid stem or capillary. 
Liquid or vapor-filled capillary systems for temperatures which 
are measured at point remote from location of operating mecha- 
nism. Various types of bulbs. Standard connecting tubing 
lengths : 8, 15 or 25 ft. Up to 50 ft on special order. 

Thermometers — ^High grade insertion or immersion thermome- 
ters to measure temperatures in ducts, tanks, etc., with red- 
reading mercury column in heavy lens gl^s tube and 9-in. scale. 
Insertion thermometers have patented adjustable tilting feature. 

Special Controllers — For applications encountered in industrial 
processes. ‘ ‘Record -0-Stat,” combination capillary temperature 
controller and recorder. 12-in. chart and liquid or vapor-filled 
capillary systems. Single or duplex type, the latter controlling 
and recording wet and dry bulb temperatures . . . Pressure 
Regulators — Pressure ranges 27 in. of vacuum to 150 lb pressure. 
Bourdon tubes of types and sizes for required pressure range and 
for medium to be controlled: Air, water, steam or freon. Other 
regulators for pressures between } lb and 200 lb . . . Liquid 
Regulators (Float type) — Control within extremely close limits. 
Mounted through wafi of containing vessel by stem with 1 in. pipe 
thread. Floats of copper, stainless steel or special alloys . . . 
Static Pressure Regulator— Measures variations in pressure from 
.009 in. to 3 in. of water. Also used as differential regulator, meas- 
uring difference in pressure between two chambers. 
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Single Room 
Thermostat 
T‘401 



'Diuil** Room 
Thermostat 

T~4eo 



Room Humidoslat 
H-107 



V-lti 




Johnson Service Company 


Controls and Instruments 



Rigid Steam Insertion 
Thermostat 
T-dOS 



CapiUary Thermostat 
T-800 



Sub-Master Capillary 
Thermostat 
T-901 



Qlobe Valve with 
Pilot Positioner 
V-105 



S-Way Mixing Valve 
{Rubber Diaphragm) 

v-m 


Sub-Master Thermostats — An important development for 
industrial applications and air conditioning. Applied to vari- 
ous controllers where readjustment must be made from a re- 
mote point. 

Johnson Sensitivity Adjustment— A distinctive feature af- 
fording convenient iheans of adjustijig the sensitivity of ther- 
mostats and humidostats, on the job, balancing *^time-lag” 
with respect to capacity of conditioning apparatus. “Hunt- 
ing” and temperature fluctuations prevented. Available on 
Johnson proportional action insertion and immersion thermo- 
stats, insertion humidostats, T-800 and T-900 capillary thermo- 
stats and certain room thermostats and humidostats. 

JOHNSON HUMIDITY CONTROL 

Johnson Humidostats — Automatically control supply of 
moisture delivered to air by a humidifier or other means, main- 
taining constant relative humidity. Available in room and 
insertion patterns with various elements, the most sensitive 
controlling within 1 per cent at relative humidities as high as 95 
per cent at 100 F. Humidostatic elements are wood cylinder, 
by-wood strip, bow-wood, horn, hair or animal membrane. 

Johnson Humidifiers — “Steam grid” type (perforated pipe 
supplied with low pressure steam) or pan type with copper 
evaporating pan, brass heating coils ana float control. 

JOHNSON VALVES 

Johnson Diaphragm Valves— Simple and rugged. Dia- 
phragms of special molded rubber, resistant to age and oxida- 
tion, operate valve stems against pressure of dependable 
springs. Available also with Sylphon seamless metal bellows. 
Made in standard sizes and patterns. Normally open (direct 
acting) or normally closed (reverse acting) . Three-way mixing 
and by-pass valves, for steam, water, brine and other gases and 
liquids. 

Johnson “Streamline” Diaphragm Valves— With modulating 
discs and special internal construction. Superior proportioned 
control . . . Where maximum power is required for rei)osi- 
tioning at slightest demand of controlling instruments. John- 
son molded rubber diaphragm valves are fitted with pilot 
positioner, independent of friction and pressure variations. 

JOHNSON DAMPERS AND SWITCHES 

Standard Johnson Dampers — Steel blades in flat steel frames 
with adequate bracing to form rigid assembly. Black lacquer 
or special corrosion-resisting finishes. Angle iron frames 
optional . 

Special Dampers— Galvanized iron, monel metal, aluminum, 
copper, rust -resisting steel, etc. Brass pins in steel bearings or 
ball bearings. 

Johnson Damper Operators — Similar in principle to valves. 
Seamless metal or specially molded rubber diaphragm operates 
damper through suitable linkage. Johnson “Piston” damper 
operators afford long travel at full power. With or without 
pilot mechanism, as described for “Valves.” 

Johnson Pneumatic Switches — For operation of dampers and 
to place controllers in and out of service, from remote points. 

Oiled slate is standard. Ebony as- 
bestos, polished oak, and genuine or 
imitation marble on order. Various 
apparatus, at central control points, 
is mounted on special switchboards, 
including lever type switches, gradual 
and multiple -step switches, clocks, air 
pressure gauges, recording gauges, etc. 


Proportioning Louver Damper Piston Damper Operator 

D-it6 D-m 
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The Mercoid Corporation 

Main Office and Factory. 4201 Belmont Avenue, Chicago 41. Illinoia 
New York Office, 205 East 42nd St. Philadelphia Office, 3137 N. Broad St. 

AUTOMATIC CONTROLS FOR HEATING, AIR CONDITIONING, 
REFRIGERATION AND VARIOUS INDUSTRIAL APPLICATIONS 



FOR PRESSURE & TEMPERATURE 

f These controls have a 
wide range of applica- 
tions. They are noted 
for their accuracy and 
dependable performance. 
The outside double ad- 
justment feature and 
visible dial eliminate all 
guesswork when setting 
the operating range. 

VISAFLAME 

The Mechanical Eye Actuated 
by Light. A positive safety 
Kr control system f or domestic and 
191 industrial oil burners. Oper- 
ates direct from the light of the 
KMiHV instead of from heat in 

the stack. Tried and proven 
method for dependable oil 
burner performance. 

OIL BURNER SAFETY CONTROLS 

Type JMI provides posi- 
tive protection against 
flame or ignition failure 
on intermittent ignition 
oil burners. This con- 
trol insures having igni- 
tion circuit closed before 
every starting operation 
of burner. Type JM is 
used for constant ignition 
burners. 


THE 100% MERCURY 
SWITCH EQUIPPED CONTROLS 

The distinguishing feature of Mercoid 
Controls is the exclusive use of Mercoid 
hermetically sealed mercury switches. 
These switches are not subject to dust, 
dirt or corrosion, thereby assuring better 
performance and longer control life. The 
items shown below are but a few miscel- 
laneous items. See Catalog No. 700 for 
complete line. 

MERCOID THERMOSTATS 

Mercoid low voltage room thermostats 
arc known by their trade name Sens a - 

THERM. They operate on a total 

differential of 1 degree F. Type 
H is the regular popular room 
thermostat. Type DNH is a 
hand wound day and night 
Sensatherm. Type HBH is the 
two-stage type for control of 
high-low oil or gas burners. VHP 
Recommended also for stokers. 

Type 855 is designed for direct lino vol- 
tage applications recommended for unit 
heaters, air conditioning, etc. 

LOW WATER CONTROLS 

Available also as a 
combined low water 
and pressure control 
to prevent firing into 
a dry boiler or build- 
ing up excess pressure. 

Th(;re arc a number of 
different types for 
various requirements. 

The illustration shows 
type provided with 
C|uick-hook-up fittings 
designed in accord- 
ance with the A.S.- 
M.E. code. 

STOKER TIMER CONTROLS 

Type TV2 Stok-A-Timer 
combines a Mercoid 
Transformer-Relay and a 
synchronous motor timer 
mechanism for maintain- 
ing the stoker fire during 
periods when thermostat 
IS not calling for heat. 

Interval adjustment can 
be set for i hour or 1 
hour merely by moving a 
lever. 
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Controls and Instruments 


Moeller Instrument Company 

132Dd St. and 89th Ave., Richmond Hill 18, New York 

RepreaentHtlves In Principal Gltfes ^ 


INSTRUMENTS FOR HEATING AND VENTILATING 



MOELLER BRASS CASE INDUSTRIAL THERMOMETERS 

“mercury filled** with MOKLLKR glass red reading column are 
available in 7, 9 and 12 in. cases, fixed, union or separable socket 
types, for pipe line and tank applications. Air duct thermometers 
are supplied with flanged union connection and bare bulb for 
sensitivity. 


L 

MOELLER DIAL AND RECORDING THERMOMETERS are mercury actuated, 
built for accuracy and long life. Dials are available in 4}^, 6 and 8 in. sizes, single 
or duplex type. Recorders in 10 and 12 in. sizes, in 1 , 2, 3 and 4 pen types. 





Remote. Readivg Type, mercury 
actuated with separable socket 
connection. Back connection or 
flush mounting. 



Single and multiple pen. 
Remote Reading types 
in rectangular or round 
cases. 



Duplex mercury actuated, plain 
bvlh type indicates temperatures 
at two separate points. 


Send for catalogs and literature on 

INDUSTRIAL* LABORATORY AND RECORDING THERMOMETERS 
THERMOSTATS* HYGROMETERS * HYDROMETERS 
PSYCHROMETERS and MARINE SPECIALTIES 
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MINNEAPOLIS-HONEYWELL REGULATOR CO. 


2958 Fourth Ave., S., Minneapolis 8, Minn. Cable Address : Minnreo, Minneapolis 
HONBYWBLL CONTROLS for Heating, Ventilating, and Air Conditioning 
BROWN INSTRUMENTS for Indicating, Recording, and Controlling 


Factoriei: Miknxapoub, Minn., Phxladblfhia. Pa., Wabash. Ind., Chicago, III., Toronto, Canada 
Branch Offices or Distributors are located in the following cities: 


Albany, N. Y. 
Albhqubrqub, 
N.M. 

Atlanta, Ga. 
BAumiORB, Md. 
Birmingham, Ala. 
Boibb, Idaho 
Boston, Mass. 
Bufpalo, N. Y. 
Charlottb, N. C. 
Chicago, III. 

CiNaNNATi, Ohio 
Clbvbland, Ohio 
Columbus, Ohio 
Corpus Chrish, 
Tbx. 

Dallas, Tbxab 


Davbnport, Iowa 
Dayton, Ohio 
Dbnvbr, Colo. 
Dbs Moinbb, Iowa 
Dbtroit, Mich. 
Duluth, Minn. 
Durham, N. C. 
East Orangb, N. J. 
El Paso, Tbxab 
Fort Wayne, Ind. 
Fresno, Calif. 
Grand Rapids, 
Mich. 

Great Falls, 
Mont. 

Harrisburg, Pa. 
Hartford, Conn. 


Holland, Mich. 
Houston, Tbxab 
Indianapoub, Ind. 
Jacksonvillb, Fla. 
Kansas City, Mo. 
Knoxville, Tbnn. 
Los Angblbs. Cal. 
Louibtill^ Ky. 
Lubbock, Tbxab 
Madison, Wis. 
Mbmphib, Tbnn. 
Mbnasha, Wis. 
Milwaukee, Wis. 
Minnbapous, 
Minn. 

N bwHavbn,Conn. 
New Orleans, La. 


New York, N. Y. 
Oklahoma City, 
Okla. 

Omaha, Neb. 
Peoria, III. 
Philadelphia, Pa. 
Phoenix, Ariz. 
Pittsburgh, Pa. 
Portland, Mb. 
Portland, Orb. 
Providence, R. I. 
Richmond, Va. 
Rochester, N. Y. 
St. Albans, W. Va. 
St. Louis, Mo. 


Sam Lake City, 
Utah 

San Antonio, Tbx. 
San Francisco, 
Calif. 

Seattle, Wash. 
Shreveport, La. 
Sioux City, Ia. 
South Bend, Ind. 
Spokane, Wash. 
Springfield, Mass. 
Syracuse, N. Y. 
Toledo, Ohio 
Tulsa, Okla. 
Washington, D. C. 
Wichita, Kans. 


In Canada: 

Montreal, Toronto, Calgary, 
London, Winnipeg, Vancouver 


In Mexico: 
Mexico City 


In Eun^e: 

London, Brussels; Stockholm, 
Amsterdam, Zurich 


AT YOUR SERVICE with automatic controls for 
every application. Minneapolis-Honeywell manu- 
factures a complete line of electric, pneumatic, 
electronic, and self-contained controls and regu- 
lators for every type of heating, ventilating, and 
air conditioning installation. In addition, the 
Brown Instrument Division of Honeywell manu- 
factures a specialized line of indicators, recorders, 
and controllers. This means that you can rely on 
a single responsible manufacturer for all of your 
control needs. It eliminates the difficulties and 
misunderstandings that often result from split responsibility when controls are pur- 
chased from more than one source. 

Each Honeywell branch office maintains a staff of experienced engineers who are 
qualified to give unbiased advice on control applications and to install and service 
all types of control eq^uipment. They are prepared to assist in the writing of specifi- 
cations and to furnish control layouts and cost estimates without charge. 




Modutrol Valve 



Vleetronie Thwntoetai 


ELECTRIC CONTROL 

Honeywell electric controls are noted for varie W, versa- 
tility, dependability and precision operation. The trade 
mark ‘‘Modutror* is used to designate Honeywell elec- 
tric control systems designed for air conditioning or 
heating applications (other than domestic). It is your 
guarantee of Honeywell quality. A wide variety of both 
modulating and two-position motors, controllers and 
valves provide a flexible selection of control equipment, 

ELECTRONIC CONTROL 

Now, because of the many special features of Honeywell 
Electronic Control, it is easy to achieve results which 
previously would have been extremely difficult or im- 
possible. Electronic controls are super-sensitive and 
accurate. They are simple in operation and very flexible 
in application. A single electronic thermostat having 
no movin^arts can be used to control both heating and 
cooling. The control settings can be maintained con- 
stantly or may be reset automatically. An almost un- 
limited number of averaging and compensating controls 
can be used to obtain practically any desired result. 
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Minneapolis-Honejfwett Regulator Co, 


Controls and Instruments 


PNETJMATIC CONTROL 

The ^‘Gradutrol System” designation is applied to any 
combination of Minneapolis-Honeywell automatic pneu- 
matic controls used to govern the operation of air condi- 
tioning or heating systems. This equipment may be • 
used to obtain either two-position or modulating control 
in any desired sequence. Such features as infinite posi- 
tioning under full power with the Qradutrol Relay and 
accurate graduation of valve and damper motor position 
make the Gradutrol System a truly remarkable advance 
in pneumatic control 


COMBINATION SYSTEMS 

The outstanding advantages of the Honeywell pneumatic 
Gradutrol System, the electric Modutrol System, and 
the Electronic Control System may be combined in a 
single installation. Thus, maximum flexibility, low cost 
installation and dependable control results can be ob- 
tained. Honeywell can furnish controls for any particu- 
lar type of system or for any combination of systems. 
This is your guarantee of fair and unprejudiced engineer- 
ing advice as to the type of control best suited to your 
needs. 


BROWN INSTRUMENTS 

To obtain best results from modern heating and air con- 
ditioning equipment, it is necessary that the engineer 
in charge have a visual picture of actual conditions at all 
times. Brown instruments are designed to supply this 
information and to help operate the system at its highest 
efficiency. A complete line of Brown instruments is 
available for ineasuring, controlling, and recording tem- 
perature, humidity, flow, pressure, rpm, liquid level, pH, 
and fire safety. 



Electrie-Pneumatie Relay 



Recording Thermometer 


FREE HONEYWELL LITERATURE 


Following is a list of free pamphlets on 
various applications of Honeywell con- 
trols. This list does not cover the com- 
plete Honeywell line but rather is limited 
to general applications. If you have a 
special control problem or require infor- 
mation on a specific type of instrument. 


please write, stating your needs, and we 
will try to furnish the information re- 
quired. Remember, too, that friendly 
Honeywell representatives in offices 
throughout the nation await your call 
and will be glad to help you at any time. 


ZONE CONTROL 
UNIT HEATER CONTROL 
RADIANT PANEL HEATING 
CONTROLS FOR SCHOOLS 
CONTROLS FOR HOSPITALS 
ZONE CONTROL FOR HOMES 
SPRING-RETURN VALVES 

ELECTRONIC MODUFLOW FOR 
HOMES 


ELECTRONIC AIR COND. CONTROL 
CONTROLS FOR APARTMENTS 

WEATHERSTAT OUTDOOR CON- 
TROL 

AQUATROL FOR HOT WATER 
SYSTEMS 

HEATING AND AIR COND. CON- 
TROLS 

BROWN INDUSTRIAL INSTRU- 
MENTS 


Send your request for literature to the Minneapolis -Honeywell 
home office at Minneapolis or to your nearest branch office. 

1237 


Controls and Instruments 


Penn Electric Switch Co. 

Main Office — Goshen, Indiana; In Canada — ^Penn Controls, Ltd. 

Offices and Representatives 

Atlanta; Bebkely; Chicago; Cleveland; Dallah; Dayton; Denver; Detroit; Loe Angelkh; Minne- 
apolis; Milwaukee; Moline; Newton, Mass.; New York; Philadelphia; Rochester; Salt Lake 
City; St. Louis; Seattle; Export— 13 E. 40th St., New York 16, New York 

Distributors and Jobbers in All Principal Cities 

Automatic Controls for Heating, Refrigeration, Air 
Conditioning, Engines, Pumps and Air Compressors 










Controls and Instruments 


The Powers Regulator Co. 


Over 55 Years of Temperature and Jlumidity Control— Offices in 47 Cities 


New York 17, N. Y., 231 East 46th Ht — 
Chicago 14, 2719 Creenview Avc.-Loh 
Anokleh 6, 1808 W. 8th St— Bohton 15, 125 
St. Butolph St.— Detroit 1, 320 McKerchey 
Bldg.— Philadelphia 32, 2240 N. Broad St. 

— Cleveland 13J2012 W. 25th St.— St. Louis 
3,2118 Pine St.— Pittsburgh 22, Oliver Bldg. 

- Buffalo 2, 250 Delaware Ave.— New 



Orleans 12, 208-209 Vincent Bldg.— Cin- 
cinnati 2, 702 American Bldg.— Kansas 
City 8, 1510 Main St.— Seattle 1, 3150 Elliot 
Ave.— Houston 6, 809 Stuart Ave.— At- 
lanta 3, 142 Spring St. N.W.- Dallas 1, 602 
N. Akard St. -Greensboro, 733 Jefferson 
Standard Bldg. 


A very complete line of Temperature, 
Humidity, Pressure — indicating, con- 
trolling, and recording regulators -for 
heating and air conditioning systems, 
industrial processes and all types of hot 
water heaters. 




Over 55 years of experience in furnishing and installing temperature and humidity 
control for every conceivable purpose^ in all types of buildings have given us a wealth 
of experience from which you can draw in selecting tin* proper typt* of control for any 
purpose. 


Catalogs and Bulletins describing any or all of our products furnished upon request. 
Phone or write our nearest office. See your phone directory. 
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Spence Engineering Company, Inc. 

28 Grant Street, Walden, N. Y. 


SPENCE METAL DIAPHRAGM “DEAD END” REGULATORS 


Advantages of Spence Regulators 


Dead-end Shutoff— Spence Regulators 
are guaranteed to hold a dead-end. 

^ Single Seat — Spence design makes pos- 
sible a balanced single seat even in large 
sizes. 

Metal Diaphragms— Under normal con- 
ditions never require replacement. 

Accurate Regttlation—Regardless of fluc- 
tuations in either load or initial pressure. 


SECO Metal— Guaranteed to resist the 
wiredrawing action of steam. 

Interchangeable Pilots— Any type of 
pilot will fit any size main valve. 

Accessibility— Pilot is connected to 
main valve with unions. 

No Stuffing Boxes — All main valves and 
most pilots are packless. 


Spence Weather Compensator and Orifice Zone Control System 



with Manual and Automatic Dials for each zone. 

individually and at the same time be under the Master Control. 


This simple, dependable Control » 
when installed on a properly de- 
signed orificed heating system, will 
show a substantial degree -day 
steam saving, at a low mainte- 
nance cost. 

The delivery pressure of the 
Regulator is automatically ad- 

i 'usted in direct proportion to the 
milding heat losses. In other 
words, as the losses become 
greater, steam pressure on the sys- 
tem is automatically increased. 

Any number of zones can be con- 
trolled by one automatic Signatrol, 
automatic Wind Loss Compensator 
(Anemometer), Time Switch and 
Master Control Panel equipped 
In this way each zone can be set 



Pressure Regulator- 
Type ED 

Designed to regulate a 
steady or varying initial 
pressure so as to main- 
tain a constant, adjust- 
able, delivery pressure. 
Applicable to heating 
systems, power plant 
operations, or manufac- 
turing processes. 

Fall-0-] 


Combined Temperature 
and Pressure Regulator 
—Type ETD 

Self-contained, pilot oper- 
ated, dead-end . Designed to 
control flow of fluid to a heat- 
ing or cooling element, so as 
to maintain a constant, ad- 
justable temperature, and 
protect the element against 
excessive pressure. 

•Matic Universal Pipe Intersection 
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Electrically Operated 
Valve— Type EM 
Can be opened or closed 
independently by an elec- 
trical switch. 

Type ET — Same as 
ETD except pressure con- 
trol is omitted. 

Order a SPENCE Regula- 
tor for 40 days’ free trial. 
Cutter. 
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Sterling, Inc. 

3738 North Holton Street . MUwaukee 12, Wisconsin 



Heating and Temperature Control Products 


Distributed through leading Heating and Plumbing Wholesalers 

Sales Representatives in Principal Cities 


HEATING SPECIALTIES 

Thermostatic Traps; sizes }/2 » in-, 1 in.; max. pressure 

15, 65, 100, 125 psi; Angle, Straightway, Corner, Vertical 
Body Styles. Float and Thermostatic Traps : sizes % in. to 
2 in.; max. pressures 15, 100 psi. Strainers: max. pressure 
125 psi; Cast Iron Sizes in. to 2 in.; Brass Sizes in. to 1 
in. Also Vents, Radiator Valves, Boiler Return Traps. 

Illustrated at right is the compact, sturdy % in. 69B F & T 
Trap, which like all other Sterlco traps has a bellows type 
thermostat and replaceable seats and valve members. 



CONDENSATION and VACUUM PUMPS 



4100 Series (illustrated): neat, convenient unit with 15 
gal tank, dual voltage capacitor type motor, and carbon 
type rotary seal— for all jobs up to 6000 sq ft EDR, 20 psi. 
3500 Series: heavy duty units with pedestal mounted 
steel tank for a wide range of jobs— 2000 to 65,000 sq ft, 
up to 150 psi. 3700 Series : with heavy cast iron tank for 
installation underground or in wet locations. 2000 to 
20,000 sq ft, 20 or 30 psi . 3800 Series : up to 10,000 sq ft, 
20 or 30 psi . Vacuum Pumps : Type V, 2500 and 5000sq ft, 
20 psi . Type S, 10,000 to 40,000 sq ft, 20 to 40 psi . 


TEMPERATURE CONTROL VALVES 

No. 120 Thermotrol (illustrated) : self-contained individ- 
ual radiator temperature control for steam or hot water. 
Easily installed in place of manual radiator valve with- 
out wiring or other external connections. Tank Tem- 
perature Controls: self-powered modulating control 
valves for fluid heaters and process equipment. Sizes; 
in., M in., % in., 1 in., in., in., 2 in. 
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jjaaJcr Inei/mnmt Cotnfuini^ 


NEW YORK 
CHICAGO 


BOSTON 
PHILADELPHIA 


Rochester 1, N. Y., U. S. A. 

IN CANADA — Taylob Instrument Companies of Canada, Ltd., Toronto 

CLEVELAND HOUSTON BALTIMORE 

CINCINNATI ATLANTA 


BUFFALO 
LOS ANGELES 


ST. LOUIS 


PITTSBURGH SAN FRANCISCO TULSA 
Manufacturing Distributors in Great Britain, 
Short & Mason, Ltd. London 


MINNEAPOLIS 

WILMINGTON 

SCHENECTADY 


Taylor Instruments for Indicating, Recording and Controlling 
Temperature, Pressure, Humidi^, Flow and Liquid Level 


Taylor Industrial Thermometers 
—with new “BINOC" Tubing- 

In eludes many styles and scale 
ranges with bulbs for every 
apf)lication. These thermom- 
eters contain a new and radical 
development of tremendous im- 
portance— Tubing. 
This newly designed and op- 
tically correct glass tubing 

assun^s an ease of reading that 
has been generally lacking 
in industrial thermometers. 

BINOC Tubing 
I more 1 han 
doubles the an- 
gle of vision 

within which 
readings can be made. Be- 
cause of the patented triple-lens con- 
struction its broad mercury column can 
be read easily and accurately with both 
eyes. Bore reflection is absent. 

Taylor Biram’s Anemom- 

eter— For measuring air 
velocities with fan revolu- 
tions indicated on dial. 

Various models for a wide 
range of air speeds and reg- 
istration limits. 

The Taylor “Fulscope” Recording Con- 
troller — An air-operated controller that 
gives practically any character of process 
(!ontrol regardless of time lag in ap- 
paratus. 

Available for controlling temperature, 
pressure, humidity, rate of flow, liquid 
level. Where extreme load changes or 
badly balanced 
operating con- 
ditions exist, 
precision con- 
trol can be 
maintained by 
the automatic 
reset feature. 
P'or applica- 
tions where a 
record is not 
needed, Taylor 
supplies an In- 
dicating “Ful- 
scope” Con- 
troller. 




Taylor Record- 
ing Hygrometer 

— Records both 
wet- and dry- 
bulb tempera- 
tures on the 
same chart in 
different col- 
ored inks, mak- 
ing comparison 
very easy. 

Type shown 
has motor- 
driven fan for 
conditioned 
rooms or passag(‘s where circulation is 
poor. Furnished without fan for instal- 
lations where circulation across bulb is 
good. 

Taylor lOBG Hygrometers 

— For Air-conditioning sup- 
ply and return ducts, dryers, 
and other closed compart- 
ments where 
temperature 
and humid- 
ity readings 
are desired. 
(N) m bi nes 
the accuracy 
of an etched -stem th(»rmometer and 
ruggedness of an industrial thermometer. 
Easily installed. Available with bottle 
or constant automatic water supply. 

Taylor Sling Psychrometer— 

Two accurate etched-stem ther- 
mometers mounUid on die-cast 
frame, wdth the bulb of one cov- 
ered with a wdek to be mois- 
tened. Whirling bulbs subject 
this hygrometer to complete air 
contact to produce extreme ac- 
curacy of temperature and hu- 
midity measurement. 

Taylor also offers a complete line of the 
famous Taylor Recording and Dial Ther- 
mometers; Ratio, Pneumatic Set, Self- 
Acting and Type **P” Controllers; 
Indicating Hygrometers and many types 
of Humidiguides, 
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United States Gauge 

Sellersville 44, Penna. 

Division of American Machine and Metals^ Inc. 

MANUFACTURERS OF PRESSURE, TEMPERATURE, 
FLOW AND ELECTRICAL MEASURING INSTRUMENTS 


OFFICES AND DISTRIBUTORS 



IN PRINCIPAL CITIES 


MOST COMPLETE 

You will probably find in the U. S. 
Gau^e line, the instrument you need for 
indicating or recording prcissure, tem- 
perature, flow or electrical values. 

USG Instruments liav(i a reputation 
for performing accurately, uniformly 
over a long period — as evidenced by the 
choice of experts the manufacturers 


LINE OF ITS KIND 

wdio install U. S. Gauges on over 6 out o 
every 10 pieces of original equipment 
The USG system of quality control am 
40 years of instrument manufacturing 
experience is your guarantee of depend 
able service from instruments that al 
ways ‘TELL THE TRUTH.” 


COMBINATION THERMOMETER AND 
ALTITUDE GAUGE 

For use on hot water lieating systems. Indicates 
on one dial: water temperature, Imui of water above 
gauge and pressure in system. Hugged construction 
with easy-to-r(‘a<l dial. Available in roiiml or square 
ease . 


COMPOUND PRESSURE AND VACUUM GAUGE 

Designed for installation on boilers, steam pressure, 
refrigeration, air conditioning and house heating 
systc»ms, where it is desired to read pressure and 
vacuum on one dial. Available with or without an 
internal syphon, it has a sturdy corrosion resistant 
movement and a bronze bourdon tube. Furnished in 
dial sizes from 2 in. to 4*2 Ranges from 15 to 
300 lbs per sq in. 


BI-METAL THERMOMETER 

Attractive fan shaped dial thermometer, for instal- 
lation on hot wat.cr boilers in house heating systems 
or other apparatus where sensitive bi-metallic ele- 
ment mounted in bulb can be used. Can be supplied 
in bla(;k. satin, chromium or nickel-finished case. 
Temperature range 60-260 F. Also made with back 
connection. 
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Controls and Instruments 


White-Rodgers Electric Company 

1209 Cass Avenue, St. Louis Mo. 
AUTOMATIC CONTROLS 

for 

HEATING • AIR-CONDITIONING • REFRIGERATION 


White-Rodgers controls with Hydraulic-Action have many features that assure com- 
plete accuracy and dependability in all applications — 

• Maximum Sensitivity. • No Temperature Drift. • High Electrical Ratings. 

• Positive Settings. • Easily Adjusted. • Versatility. 

• Full Range Accuracy. • Extra Sturdy Switch. • l^rotected Switch. 

• Consistent Differential. 

• Not affected by Ambient Temperature or Atmospheric pressure. 




THERMOSTATS 



Series 120 and 130 — Light-duty, low voltage thermostats 
smartly designed in Ivory and Chrome. 

Series 150 — Heavy-duty, line voltage. Hydraulic -Action, 
exceptionally rugged switch mechanism provides long, 
dependable service. 

Series 200 — Space Thermostats for heavy-duty, line voltage 
applications. Available in both self-contained and remote- 
bulb types. 

WARM AIR, STEAM AND HOT WATER CONTROLS 

Types for fan or circulator control, aiid for limit service. 







Series 1100— Hydraulic -Action Hot-water controls in strap- 
on, vertical or angle immersion wells; single or dual types. 

Series 400-500 — Hydraulic -Action warm air fan and 
limit controls, single or dual types. 

Series 1200 — Steam and vapor pressure controls. 

PRIMARY CONTROLS 

Series 600 — Oil Burner Primary controls 
featuring a new, extremely sensitive ele- 
ment. Available in one and two-piece types 
for continuous or intermittent ignition. 

Series 2500 — Solenoid Gas Valves for instal- 
lations requiring small overall dimensions. 

Series 2600 — Diaphragm Gas Valves. Light 
wei^t, smooth operation, high capacity. 

Series 2530 — Combination Solenoid 
Gas Valve and Liquid Filled Pilot 
provides simplicity of installation. 

Series 3000 — Gas Safety Pilots. Pro- 
vide exceptionally dependable per- 
formance. Also availaole with push 
button igniter. 

Series 700— Stoker Timers, available 
for low voltage or line voltage. 


AIR-CONDITIONING AND REFRIGERATION CONTROLS 
White-Rodgers offers a complete line of Thermostats, Pressure and Temperature 
controls available in all needed ranges and types. 

WRITE FOR CATALOGS GIVING COMPLETE INFORMATION 
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Aldrich Company 

121 E. Williams St., Wyoming, Illinois 

* 

Boiler-Burner Units, Domestic and Cbmmercial Oil Burners 



Univeraal lapping on all 
modda prooidea openinga for 
toaler gage^ aide-arm heater 
(except on boilera ordered with 
coila), high limit eontrota, 
preaaure gage and pop valve, 
two riaera, and two returna. 


Cold drawn aeamleaa ateel fire 
tubea, which are aiAmerged 
Uieir fuU length bdow water 
line, are readily acceaaible for 
inapecHon and cleaning. 


BOILER-BURNER UNITS 
Sizes — Specfications — Dimensions 



Size of Boiler 

118 

160 

225 

315 

514 

808 

Rating Sq. Ft. Hot Water 

760 

1000 

1600 

2100 

3300 

6000 

Rating Sq. Ft. Hot Water 
Standing Radiation . . 

600 

660 

1000 

1400 

2200 

3333 

Rating Sq. Ft. Steam EDR . 

600 

630 

936 

1276 

2026 

3000 

Rating Sq. Ft. Steam Stand- 
ing Radiation 

333 

420 

620 

860 

1360 

2000 

Rating BTU Per Hr. (Max.) 

118,000 

160,000 

226,000 

315,000 

514,000 

808,000 

Water Heater Delivery GPH 
^ 100° Rise . . . 

125 

190 

280 

460 

610 

860 

Storage Cajiacity Gallons. . 
Firing Rate— GPH Maximum 

28 

38.6 

72 

99 

120 

170 

1.26 

1.66 

2.76 

3.66 

6.7 

0.00 

Firing Rate— GPH Minimum 

.76 

1.26 

1.76 

2.4 

3.7 

6.00 

Firing Rate— GPH Best . . . 

1.00 

1.36 

2.00 

2.6 

4.6 

7.6 

Modd Burner Furnished . 

SAXl 

SAX2 

8AX3 

SAX3 

BX 

BX 

Sq.Ft. of Heating Surface . . 
Dia Main Shell (Inside) . . 

21 

27 

44 

67 

03 

136 

19* 

21* 

24k" 

28* 

32* 

38* 

Height of Main Shell . . 


60k" 

68k" 

66k" 

66k" 

70k" 

Dia. of Fire Box (Inside) 

14k* 

16* 

19* 

22k" 

27* 

32k* 

26* 

Height of Fire Box . 

24* 

24* 

26* 

26* 

26* 

Number of Tubes 

16 

20 

30 

42 

60 

04 

Length of Tubes 

15%* 

19k" 

23k" 

30k" 

29k" 

31k 

Output Hot Waterl wc— qpm 

1.75 

2.00 

2.66 

6.26 

6.60 

7.25 

! Coil ^ 100“ Rise / sc— qpm 

2.00 

2.76 

8.67 

6.76 

8.00 

10.00 

i Shipping Weight Lbs. — Boiler 
Only 

Ship()ing Weight Lbs.— 
Burner Only 

776 

940 

1330 

1720 

1076 

2360 

86 

86 

85 

85 

140 

140 

Shipping Weight Ll>8.— Total 

860 

1026 

1415 

1806 

2116 

2400 


Built-in dovJble concentric 
apiral hot water coila (in 
Modda SC and WC) provide 
adeouate aupply of hot water 
without external atorage tank. 


Rock wool inaultUion t in. 
thick providea high inaulating 
value and minimiaea heat loaa 
through radiation. 


Wdded ated fire box ia lined 
with coat refractory having 
high reaietance to deteriora- 
tion. Large burner-mounting 
plate prooidea aceeaa to fire box 
for renlaeement of eombuation 
chamber. 


Matched Aldrich Oil Burner 
providea effiaient heat aource. 
Standard autonuUic control 
ayatemfumiahed aa ordered to 
wd inatalUUion, 


Aldrich Series B Boiler-Burner Units—available in 
a range of 6 sizes for Hot Water Heating, Steam 
Heating, and Hot Water Supply— are designed for 
home, apartment, garage, club, restaurant, hotel, 
and factory installations. Gages, covers, and trim 
are furnished to suit model and type of unit ordered. 
Heavy-duty, double-spiral hot water coils are fac- 
tory-installed and tested in SC and WC models. Matched 
Aldrich Oil Burner furnished with each unit. Standard 
equipment includes full set of basic automatic controls. 
Series BG Boilers are gas-fired with AGA-approved burners 
and have ratings identical to corresponding oil-fired boilers. 
MODEL DESIGNATIONS— SERIES B AND BG 



Steam 

Heating 

Hot Water 
Heating 

Hot Water 
Supply 

Without Coil 

S 

W 

HSG* 

With Coil 

SC 

WC 

— 


* Galvanized, with drew jacket. All modeLs, except HSG, have uni- 
versal tapping. 

ALDRICH OIL BURNERS 
Capacities from 0.75 gph to 19 gph 
Models SAX-BX-JU 
Aldrich Oil Burners are made in 3 sizes 
and 5 models for domestic and commer- 
cial warm air, steam, or hot water sys- 
tems, and are UL-approved. All-steel 
model SAX (illustrated) has interchange- 
able draft tube components to permit 3 
firing ranges— 0.75 to 1.35 gph, 1.35 to 2 gph, and 2 to 4.5 gph. 
Aldrich-built motors and transformers are used. Model 
BX is rated from 4 to 8.5 gph. Capacity of Model JU is 7 
to 19 gph. 
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" ConTMtors 

Amebic^ o 
Radiator ^ e^anitais 

CORPORATION 

Pittsburgh 30, Pa. 


SEVERN BOILER 
FOR Coal (hand fired 
or stoker), or Oil 

An efficient Boiler 
with many new fea- 
tures for convenience 
and economy. Rat- 
ings: Steam — 350 to 
780 sq ft, Water— 560 
to 1250 sq ft, install wl 
radiation. 

OAKMONT OIL 
BOILER 

Exclusively for oil fir- 
ing. Also supplied ! 
as complete boiler- 
burner unit with Ar- 
coflame Burner. Rat- 
ings: Steam 390 to 
810 sq ft, Water 
— 625 to 1295 sq ft, 
installed radiation. 

EXBROOK 
BOILER -For Oil 
or Stoker 

A boiler in sizes 
adapted for larger 
than average 
homes and build- 
ings. Ratings: 
Steam 775 to 1650 
sq ft. Water 1240 
to 2640 sq ft in- 
stalled radiation. 

ARCOLINER 
OIL BOILER 

A boiler of advanced 
design for smaller 
homes. Wet base con- 
struction. Ratings: 
Steam — 260 to 520 sq 
ft, Water— 420 to 835 
sq ft, installed radia- 
tion. 


STANDARD 
GAS BOILER 

Designed by ex- 
perts to burn 
gas efficiently, 
and economi- 
cally. Approved 
by American 
Gas Associa- 
tion. Ratings: 
Steam — 4(X) to , 
12,420 sq ft. 
Water — 135 to 
19,860 sq ft, in- 
stalled radia- 
tion. 

REDFLASH 
BOILER 
For All Fuels 

Economical heat 
for any size or kind 
of building. Ingot 
red jacket, fully 
insulated . Ratirufs: 
Steam— 770 to 9^X) 
sq ft. Water — 1230 
to 15,840 sq ft, in- 
stalled radiation. 

WATER TUBE 
BOILERS 
Stoker or Oil 

For medium to 
large buildings. Ef- 
ficient and econom- 
ical. Ratings: 
Steam— 930 to 46(X) 
sq ft. Water— 1490 
to 7360 so ft, in- 
stalled radiation. 

MOHAWK 
Winter Air 
Conditioner 
Gas-Fired 

Provides auto- 
matic gas-fired 
Winter Air Condi- 
tioning in homes 
of any size. Ca- 
pacities range from 
43,200 to 216,000 
Btu input per hour. 




American Radiator & 
Standard Sanitary Corp. 


^ Oil Burners, 

Heating Systems • water Heaters. 

Accessories 


YOU CAN FILL EVERY HEATING NEED FROM THIS COMPLETE LINE 
From American -Standard comes Boilers, Warm Air Furnaces and Winter Air Condi- 
tioners of all types and sizes for Coal — ^stoker or hand-fired — Oil, or Gas, and a full 
line of Radiators, Convectors, Oil Burners ^Domestic Water Heaters, and Accessories 
—all hacked by the undivided responsibility of one of the* world’s largest manufac- 
turers of Heating and Plumbing Equipment. 




Area Radiator 



WYANDOTTE 
Winter Air Conditioner 
Gas-Fired 

For small homes with or 
without basements. Fac- 
tory assembled for units 
of 55,000, 70,000 and 85,000 
Btu imput per hour. 
105,000 Btu input per 
hour, non-asseinbled. 

BASE 
BOARD 
RADIANT 
PANELS 

Made to re- 
place ordi- 
nary base- 
boards. 
Available in 
two styles: 
Radiant 
type 1.25 sq 
ft per lineal 
foot. Con- 
vector type 
2.08 sq fi. 

ARCO RADIATOR 

The modern, slim type 
radiatin' that occupies 
less space and gives more 
heat. It comes in four 
narrow widths and in 
four heights - H), 22, 25 
and H2 inches. 

SUNRAD 
RADIATOR 

Insttalled re- 
cessed or free- 
standing. Re- 
quires no en- 
closure. Two 
sizes: 20 in. high 
X 5 in. wide 
= 2 sq ft, and 
23 in. X 7} 2 in. 
= 3 sq ft. 


No. set 
Hurivent 
Valve 

{for matns) 


No. m 
Multiport 
Adjuatoble 
Valve {for 
adiatore) 


4 

No. 999 Arco 
Packlees 
Steam 
Radiator 
Valve 



ARCO 

CAST IRON 
CONVECTOR 

For convection 
heating. Avail- 
able in three 
widths and in 
virtually any 
desired length. 


ARCO 

MULTIFIN 

CONVECTOR 

For all systems 
except one-pipe 
steam. Made in 
four widths. 
Non-ferrous. 


ARCOFLAME OIL BURNERS 

Approved by Underwriter’s Laboratories 

The Model 
‘‘C” Arco- 
flame has a 
capaci ty of 
one to 3 gal- 
lons per 
hour. The 
Model “L” 

(not shown) 
from 3 t o 7 
gallons per 
hour. Both 
are hig|hly 
efficient. jirtKi 

BUDGET GAS FIRED 
WATER HEATER 

Heats water automatically, 
stores it for instant use. 

Jacket finished in white 
enamel, black trim. Thrifty 
and dependable. Three sizes 
—20, 30, and 40 gallons. 




No. 600 Airid 
for Rapid 
Venting 
{for radiatore) 


A. 


No. 6000 
Variport Airid 
Adjwtable 
Valve {for 
radiators) 



Budget 
Gas Fired 
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Bryan Steam Corporation 

Chile Pike, Peru, Indiana 


Manufacturers of 

HOT WATER AND STEAM BOILERS DESIGNED EXCLUSIVELY 
FOR OIL OR GAS FIRING 


PRODUCTS— 'Domestic Hot Water or Vapor Steam Boilers. 

Commercial Low Pressure Heating Boilers for Hot Water or Steam 
Non-explosive High Pressure Boilers up to 50 H. P. 



Bryan Copper Tube Boilers are engi- 
neered expressly for oil or gas firing, 
where the flame is either on at full inten- 
sity or entirely off. Such combustion 
characteristics call for a boiler that is 
able to capture heat units with utmost 
rapidity — and able to withstand sudden 
expansion and contraction. Average 
stack temperature of the Bryan is 412 
degrees. 

BRYAN COPPER 
TUBES 

The Bryan starts with 
copper tubes. Copper 
has a coefficient of 
heat transfer approx- 
imately 6 times that of 
iron or steel. Heat 
applied to the outside 
of a Bryan tube is therefore transferred 
to the water inside 6 times as fast. 

The design of the Bryan tube is such that 
water circulates rapidly through all parts 
of the boiler. There is a veritable nest of 
tubes directly over the flame where heat 
is most intense. These tubes break up 
the path of heat travel, reducing **sur- 
face film” to a minimum. 



A Bryan Copper Tube Boiler never ex- 
plodes. The worst that can happen, is a 
split tube which may be replaced in a few 
minutes time by an inexperienced person. 


DOMESTIC BOILERS 

The Bryan Domestic 
Boiler is made in 5 sizes that 
will supply steam radiation 
of from 375 to 1500 sq ft. 
They have firing rates of 
from 1.25 gal oil (or 175 cu H 
natural gas) to 5 gal oil (or 
700 cu ft of gas). All five 
models come complete wdth built-in com- 
bustion chamber and flange mounted oil 
burners. In gas fired models the burner 
is built in. 



COMMERCIAL 
HEATING BOILERS 

Any of the domestic Bry- 
ans may be used for small 
offices or buildings; but 
they are supplemented 
wdtn three additional 
larger capacity boilers. 

These boilers are rated 2250 to 4400 sq ft of 
steam radiation or 3600 to 7050 sq ft of 
hot water radiation. They are used also 
for supplying hot water or low pressure 
steam in industrial applications. 



HIGH PRESSURE 
BOILERS 

Bryan High Pressure Boilers 
are made in 5-10-20 and 50 
hp ratings. Every one 
earries the A,S,M.E. stamp. 
They are made for high 
efficiency on long, hard 
pulls but are exceptionally useful in oper- 
ations requiring fast, safe steam on short 
notice. Hospitals, dry cleaning plants, 
laundries, milk plants, tire repair shops 
and many others find them ideal for their 
operations. 
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BOILERS ond RADIATORS 

Irvington-on-Hudson, N. Y.- 

There* s a Burnham for Every Purpose — Catalog No. 8i Sent on Request 


BASE-RAY Radiant Heating with Radiant Baseboards 



STANDARD Model BASE-RAY- HY-POWER Model BASE-RAY- 

Hatings-- 1 .25 sq ft per lineal foot. Tap- Ratings — 2.08 scj ft per lineal foot. Tap- 

ings - % in. at bottom only of both end pings — in. at bottom only of both end 

sections. Sections are 7 in. high, sections. Sections are 7 in. high, 2 in. 

in. thick and in 12 and 24 in. length. thick and in 12 and 24 in. length. 




No. 1» 2, 3, and 36 in. 
Series Ml Fuel, m 


to 4020 sq ft Steam 
and 370 to 7880 for 


Water. 


Burnham Radiant Ra- 
diator — T wo hei gh ts . 
20 and 23 in. 

Burnham Slender- 
ized Radiators (not 
shown) made in three 
to six tubes in all 
heights from 10 in. to 
33 in. 



YELLO -JACKET Boiler 

(with extended Jacket) — 
All Fuel Convertible. 305 
to 035 sq ft for Steam and 
400 to 1405 sq ft for Wate*-. 



Welded Steel Boiler— -Capacities from 

2500 to 35,000 sq ft for Steam and 4800 50 in. Twin-Section— 4500 to 14,600 sq ft 
to 56,000 sq ft for Water. Furnished for for Steam and 7200 to 23,360 sq ft for 
coal, oil or stoker firing. Water. 
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Crane Go. 

BOILERS, RADIATORS, FURNACES, VALVES, FITTINGS, PIPE, WATER 
AND STEAM SPECIALTIES, CONTROLS AND PLUMBING MATERIALS 

General Offices: 836 South Michigan Avenue, Chicago 5, Illinois 

Nation-Wide Service Through Branches, Wholesalers, Plumbing and Heating Contractors 


CRANE OFFERS EVERYTHING IN HOME HEATING 


There’s a Crane Boiler to fit any home 
—regardless of its size— whether coal, 
coke, oil or gas is the preferred fuel or 
whether the owner wants steam or hot 
water heating. These boilers are styled 
for beauty, dependability and simplicity, 
and they incorporate many new engineer- 
ing features that assure greater fuel 
economy and operating efficiency. 

Crane also builds boilers for many 
types of non-residential buildings. In 
addition, the Crane line includes every- 
thing else needed for heating systems — 
furnaces, stokers, oil burners, radiant 
baseboard panels, radiators, convectors, 
controls, water and steam specialties, 
pipe, valves and fittings. 


CONTROLS 

The complete line of 
controls includes thermo- 
stats, stack switches, 
limit switches, aquastats, 
damper controls — every- 
thing necessary for a 
heating system. 


For full information on Crane Boilers 
and other heating equipment, consult 
your Crane Branch or Crane Wholesaler. 



CRANEiFORTY BOILER 






Crane Co. 


Heating Systems • 


CRANE RADIANT BASEBOARD HEATING 



Steam or hot water is 
circulated through the 
baseboard panel — no 
radiators or grilles are 
necessary. Will give 
many advantages : 
more room space; 
more uniform distri- 
bution of heat; easier 
cleaning. Recom- 
mend it to customers 
who are planning new 
homes or remodeling. 



CRANE RADIATORS 



COMPAQ RADIATORS: Slender in 
line — modern in design — give more heat 
— use less space. For free-standing or 
recessed installation, steam or hot water. 


Built in sizes to suit every need — in 3, 4, 
6 and 6- tube types of 6 to 56 sections. 
Replace ordinary radiators with little or 
no change in piping. 



STOKERS 

Newly designed and engi- 
neered. Assure uniform 
heating with minimum 
fuel consumption and 
minimum attention. 
Wide range of sizes. 


WATER SPECIALTIES 
Crane hot water specialties 
arc made to suit every in- 
stallation. They include 
water heaters, circulators 
and flow control valves— all 
top-quality equipment. 
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OIL BURNERS 
Newly engineered. Crane 
oil burners provide heat- 
ing comfort at low fuel 
costs. Simplified design 
and sturdy construction 
reduce maintenance. 
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Hook & Ackerman, Inc. 

PITTSBURGH 4, PA. NEW YORK 17, N. Y. 


HYDROTHERM 


The Midget Automatic Gas Heating Plant 
For residential, commercial and industrial hot water systems. 



MODEL SHW3 
$88 sq ft Intlalled Radiation 
$60 Ufa, IS in. x $6 in. x $6 in. 


HYDROTHERM is engi- 
neered for maximum life and 
maximum fuel economy and 
fully AG A approved for use 
on Manufactured, Natural 
and LP gases. Outstand- 
ing for: 

Radiant heating systems 
Convector heating systems 
Gravity hot water systems 
Volume hot water heating 
Booster service for 180 deg 
sterilizing water 


MODEL $HW6 w/o Jacket 
400 aq ft InataUed Radiation 
S75 Ufa, 18 in. x $7 in, x SO in. 



CONSTRUCTION: — All cast iron, the IIYDllOTHKRM absorption unit has hori- 
zontal sections, deej) ribbed, overlapped and connected in zig-zag. This fully 
patented design is to give maximum heat transfer surface for a minimum water vol- 
ume resulting in great efficiency and quick pick up. Absorption unit is furnished 
completely assembled and factory tested at 250 lb hydrostatic pressure. All controls 
including automatic gas control valve, Base safety pilot, pressure regulator, aejua- 
stat and tridicator are enclosed in De Luxe jacket of Hammeroid finish. 


CAPACITY RANGE OF HYDROTHERMS 




1 



WiU 

CAPACITY FOR HOT WATER 

HYDRO- 

THERM 

A.G.A. RATINGS 

Net 

Available 
Btu Per 
Hour 

Supply 
Sq. Ft. 
Direct 

STORAGE TANKS 

Gallons per Hour for Temperature Rise 
Shown 

Model No. 


Water 

Radiation 








Btu Input 

Rating 

Water 

60“ 

80“ 

100“ 

120“ 

140“ 



Sq. Ft. 


170“ F. 






H 

2HW3 

72 000 

384 

57 600 

288 

113 

85 

68 

56 

48 


2HW6 

100 000 

530 

80 000 j 

400 

158 

119 

95 

79 

68 

3 

2IHW3 

150 000 

800 

120 000 

600 

237 

178 

142 

118 

100 

0 

z 

Efi 

2IHW5 

250 000 

1333 

200 000 

1000 

396 

297 

238 

198 

170 


2HW6 

144 000 

768 

115 200 

576 

228 

171 

137 

114 

96 


2HW8 

172 000 

914 

137 600 

688 

274 

205 

164 

137 

116 

z 

2HW10 

200 000 

1060 

160 000 

800 

317 

237 

190 

158 

136 


2iHW6 

300 000 

1600 

240 000 

1200 

474 

356 

284 

236 

200 


2 IHW 8 

400 000 

2133 

320 000 

1600 

633 

475 

380 

316 

270 

g 

Q 

2IHW10 

500 000 

2666 

400 000 

2000 

792 

594 

476 

396 

340 
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The H. B. Smith Company, Inc. 

Westfield, Mass. 

* 

Branch offices and Sales Representatives In Principal Cities 


A complete line of modem cast iron sectional boilers for residential, 
commercial and industrial heating and for domestic hot water supply 


[ ® I 


15-20-25 SMITH-MILLS BOILERS 

Capacities 200 sq ft to 2275 sq ft steam radia- 
tion. This complete line of modern push 
nipple boilers is available in models for oil, gas, 
stoker and hand firing. Provisions have been 
made for built-in domestic hot water heaters 
and controls. 


[til 


go MUh 

MILLS WATER TUBE BOILERS 
Series 24-34-44 

('apacit.ie.s 900 stj ft to 13,3S0 sq ft of steam 
radiation. Independent header type construc- 
tion-tens of thousands of these famous Mills 
iioilers are instalh'd in .schools, hospitals, apart - 
mcMit houses, stores, and other commercial and 
public buildings. Models for hainl and all 
types of automatic tiring. 




U Mills 


42 AND 60 SMITH BOILERS 

May be used in batteries for heat ing loads up to 
and over 100, (KX) sq ft steam radiation. Many 
of these large units installed in industrial plants 
furnish steam for proc(‘ss recjuirements as well 
as for heating and domestic hot water. 


60 Smith 

SMITH HY-TEST BOILERS 

Smith lly-Test Boilers for hot water supply, are 
available in several models and many sizes for 
tank capaciti(^s to 20,000 gal. Ck)nstructed of 
the finest quality grey iron castings, these 
lly-Test units are carefully tested at high 
pressures before shipment. The No. 17 series, 
for example, is testc^d at 350 lbs hydrostatic 
pressure— t he highest test pressure of any cast 
iron boiler made. 



17 HY-Test 


Complete catalog information describing Smith boilers is filed in current 
issues of Sweet’s ‘‘Architectural” and Domestic Engineering Catalog Directory 
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THE NATIONAL RADIATOR COMPANY 


MODERN DESIGN 
Johnstown 



HEATING EQUIPMENT 
Pennsylvania 


Branch Officea 

Baltimore 2100 St. Paul Street Philadelphia 401 North Broad Street 

Boston 620 Newbury Street Pittsburgh 126 First Avenue 

Chicago 400 West Madison Street Richmond 12 South Third Street 

New York .. 60 East 42nd Street Washington 4034 Georgia Avenue, N.W. 



“/OO” Seriea 



Seriea 



Oil Heating Unit 


NATIONAL HEAT EXTRACTOR CAST IRON BOILERS. The 

distinguished family of National Heat Extractors was designed 
with full appreciation of the requirements of automatic heating. 
National Heat Extractors are provided with many features to 
insure high operating efficiency and maximum fuel economy. 
These include extended heating surface, multiple-flue section con- 
struction, effectively insulated jacket and doors, and heat con- 
server baffles. Convertible from hand to automatic firing after 
installation and readily adaptable to any desired fuel or method of 
firing. Wide range of both storage and tankless domestic water 

NATIONAL OIL HEATING UNITS, cast iron or steel, provide 
complete “one package** equipment designed for maximum effi- 
ciency and top performance with this fuel. Complete automatic 
controls, prefabricated combustion chamber of proper proportions, 
quiet burner for rear firing and attractive all-enclosing jacket. 
NATIONAL GAS BOILERS are modern, compact and designed 
exclusively for gas firing. Cast iron sections for long life and 
dependability. Tiered flues, long zigzag fire travel and heavy 
insulation insure efficiency and economy. 



“300” and **400” Seriea “300” Seriea 


HEAT EXTRACTOR BOILERS 


Boiler Series 

Net I-B-R Ratings, Sq Ft 

Steam 

Water 

100 

170 to 410 

270 to 660 

200 

350 to 880 

560 to 1410 

300 

700 to 2300 

1120 to 3680 

400 

2500to 6000 

4000 to 0600 

600 

4000 to 10300 

6400 to 16480 



OIL HEATING UNITS GAS BOILERS 


Type of Unit 

Net Ratings. Sq Ft 

Boiler Series 

Net Ratings, Sq Ft A.G.A. Approved 

Steam 

Water 

Steam 

Water 

100 Series Cast 
Iron 

230 to 410 

370 to 660 

20 and 22 

106 to 300 

174 to 624 

200 Series Cast 
Iron 

400 to 880 

640 to 1410 

30 

353 to 983 

565 to 1570 

Residential Steel.. 

275 to 700 

440 to 1120 

40 

445 to 1020 

711 to 3070 


1254 



The National Radiator Company 


__ ^ Bollert, 

Heating Systems • 


NATIONAL STEEL BOILERS meet all the requirements of the 
SBI Testing and Rating Code and the ASME Boiler Construction 
Code. All are inspected and approved by a representative of the 
Hartford Steam Boiler Inspection and Insurance Company, The 
18 in. and 23 in. Seried Residential Steel Boilers are designed 
for smaller homes. The 26 in., 29 in., and 39 in. Series Residential 



l8"-iS" Steel Boiler 



Steel Boilers are de 
signed specifically for 
large homes, apart- 
ments, and commer- 
cial installations. Can 
be furnished unjack- 
eted, or with modernly 
styled heavily insu- 
lated jacket. 


RESIDENTIAL STEEL BOILERS 



SBI Net Ratings. Sq Ft 

Boiler Series 




Steam 

Water 

18* and 23'' 

275 to 700 

440 to 1120 

26". 29". and 39".. 

700 to 3000 

1120 to 4800 


NATIONAL COMMERCIAL STEEL BOILERS are designed 
to supply the heating needs of larger buildings. Their firebox 
proportions conform with the recommendations of the Stoker 
Manufacturers' Association. Hand fired boilers may be con- 
verted to stoker, oil, or gas firing at any time after installation. 
COMMERCIAL STEEL BOILERS 


Boiler Type 

SBI Net Ratings. Sq Ft 

Steam 

Water 

Automatically 
fired . . 

3000 to 35000 

4800 to 56000 

Hand fired 

2500 to 29170 

4000 to 46670 


Commercial Sted 
Boiler 


ge*-g9’-39' Steel Boiler 
Unjacketed 


NATIONAL AERO CONVEC- 
TORS are of compact c^t iron 
design with fins cast integral 
with tubes. Adaptable to any 
type of heating system and can 
be used with direct radiation. 

NATIONAL ART RADIATORS 
blend inconspicuously with 
Aero Convector most decorative schemes. 

Compact proportions require 
minimum noor space. A wide 
variety of sizes and ratings can 
be furnished. 

NATIONAL CONVECTOR 
ENCLOSURES are made in 
several different types applic- 
able to modern structural or 
decorative requirements. They 
were designed to develop maxi- 
mum output of the convector. 

NATIONAL UNIT HEATERS 
are designed for quiet, economi- 
cal operation witn steam or hot 
water. Available in both Hori- 
zontal and Vertical delivery 
types in a number of sizes. 
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Convector Encloeure 



Unit Heater 
Heriaontat DeHeerff 
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spencer Heater 

Division— AVCO Manufacturing Corporation 

Williamsport, Pennsylvania 

Sales Representatives 

Allentown, Pa. Chicago, III. Grand Rapids, Mich. Los Angelkh, Calif. Portland, Ore. 

Atlanta, Ga. Cincinnati, Ohio Greensboro, N. C. Memphis, Tenn, Richmond, Va. 

Baltimore, Md. Cleveland, Ohio Harrisburg, Pa. Nashville, Tenn. Salt Lake City, Utah 

Binghamton, N.Y. Columbus, Ohio Houston, Texas New York, N. Y. San Antonio, Texas 

Birmington, Ala. Dallas, Texas Indianapolis, I nd. Philadelphia, Pa. St. Paul, Minn. 

Boston, Mass Detroit, Mich. Kansas City, Mo. Pittsburgh, Pa. Washington, D. C. 




There is a modern SPENCER in size and type for every fuel and healing need. 
All products are manufactured in strict accordance with the ASMK Code and carry 
the Code Seal. A SPENCER assures the engineer and architect of specifying with 
confidence, the contractor ease of installation and the owner efficient economical 
operation. 


SPENCER Residential 

Steel Heating Boilers. 320 to 3000 Net Load Steam 


The SPENCER “C” (70(>-3000 Not 
Steam) contains many features found 
only in large commercial boilers . Design 
includes precision ground nonwarping 
water cooled steel door frames. JOasily 
and quickly con- 
verted from auto- 
matic to hand 
firing. 





The SPENCER 

“K" (320 to 550 
Net Steam) is a 
star performer for 
the small home 
where the conver- 
sion firing f(‘aturo 
is desired. 


The SPENCER “R” 

(320 to 7(K) Net Steam) 
is an all steel boiler 
designed especially 
for automatic firing. 


ivf u s.rM o«. 

AU Series 
FvUy Apprawd 


**C” Sertea Cvtaway 
With Extended Jacket 




All SPENCER 
Steel Boilers avail- 
able with attrac- 
tive standard or 
extended model 
jackets and year 
round domestic hot 
water heating coils. 
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spencer Heater 
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THE NEW “21 SERIES” ALL PURPOSE BOILER 

340 to 1000 Net Load Steam 

* 

An ontin^ly new cast iron sectional boiler incorporating features 
that make it an outstanding boiler in its field. I’eaked combus- 
tion cliambcr providing extra height so important to mechanical 
firing installations. Available with year round domestic hot 
water coils entirely submerged in active waterway of boiler. No 
prot ruding eciuipment to mar appearance of boiler jacket. Hand 
fired grat(* assembly hxiated in base, easily removed for mechanical 
conversion. 



All Purpose CiUaivay 
Baffle For OH Burner 
Jnalallation. 


SPENCER SERIES “A” ALL FUEL COMMERCIAL 
STEEL HEATING BOILER 

1800 to 42,500 EDR (Steam) 

America’s standout boiler for commercial buildings, 
apartments oi industrial jilants. The many features 
of the* Spencer Scries “A” are essentially the same for 
hand firing, oil, gas or stoker tyiies. It is especially 
noted its a (iuick-st(*aming boiler. 

The Series is of proven design— in use in thousands 
of installations. Sp(*nc(*r’s efficient fire box design olitains all the heat from the fuel, 
giving real economy. All its int<*rnal areas are easily accessible— (^asy to clean, keep- 
ing boiler at peak efficiency— result ing in economical performance. The “A” Boiler 
h:us either rear or top smoke box outlet and you can readily install the Spencer year- 
round hot water system. 

.Ml sizes available with either mechanical (oil, gas or stoker) or hand-fired bases. 
Smokeless arch supjilied on special order. 




SPKNCKH L-s 
Showiriff Sloping (havilg 
Feed (Sralc Destgn. 


SPENCER SERIES “A” 

CASTIRON MAGAZINE FEED BOILERS 

Capacities 290 to 4510 EDR (Steam) 

I)c»signed for quick, economical heat with minimum 
service requirements for homes, apartments, churches 
and commercial buildings. Fuel feeds by gravity, 
automatically, constantly, — needs little attention in 
‘J4-hour period in <*oldest weather. No mechanical 
jiarts— burns small sized anthracite or coke at sub- 
stantial savings. 

There is the “F” series (290 to 740 FDR Steam) 
for the average home — available with attractive 
b(‘auty jackets. Tlie L-2 series (690 to 1570 KDH 
Steam) for the larger homes and small buildings and 
the L-3 series (141^) to 4510 FDR Steam) for larger 
homes, commercial and public buildings. The L-3 
has the advantage of operating only half of the boiler 
for year round domestic service water or mild weather 
operation. 
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United States Radiator Corporation 
Detroit 31, Michigan 

Sales Offices in Principal Cities 



R«a U.i Pat. Off. 


A Complete Line of Low-Pressure Steel Heating Boilers 



Pacific High FirAox Boiler 



Pacific Sflit FirAox Boiler 



Pacific “Plote Flue" Boiler 


All Pacific Boilers are built using the 
A,S.M,E, Boiler Code Standard as 
minimumSj and rated in accordance with 
Steel Boiler Institute code. 


PACIFIC HIGH FIREBOX BOILERS 

Pacific High Firebox Boilers for me- 
chanical firing, stoker, oil or gas, are built 
in capacities of 2680 to 56,830 sq ft for 
steam and in corresponding capacities 
for water. 

Pacific Direct Draft and Smokeless 
Boilers for coal firing are built in capaci- 
ties of 2200 to 35,000 sq ft for steam and 
in corresponding capacities for water. 

All Pacific Boilers are made of flange- 
quality steel, electrically welded — built 
to last. They are built, inspected and 
tested under the supervision of the 
Hartford Steam Boiler Inspection and 
Insurance Company, 


PACIFIC THREE-PIECE 
CONSTRUCTION 

All commercial sizes of Pacific Boilers 
are built in three sections — shell, firebox 
and base — and require minimum building 
opening. Where necessary, Pacific fire- 
boxes can be split (as illustrated) to allow 
the boiler to be taken into the building in 
four sections. No cutting, no w;elding 
is required in assembling any Pacific 
Boiler. 


PACIFIC RESIDENTIAL BOILERS 
FOR COAL, STOKER, OIL OR 
GAS 

Built in the following capacities for 
steam: 400 to 3000 sq ft and in corre- 
sponding capacities for water. 

PACIFIC “PZafe Flue** BOILERS 

For oil or gas—built in 4 sizes ranging 
from 400 to ^ sq ft for steam and from 
640 to 1440 sq ft for water. 

Descriptive Bulletins on Pacific 
Boilers will he mailed on request 
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Member 


Reg. U. S. Pat. 
Off. 


General Office, f>etrolt 31, Mich: 
Branches and Sales Offices in Principal Cities 


The United States Radiator Corporation carries a complete line of hand, 
stoker, gas and oil-fired boilers for steam or hot water heating, warm air 
furnaces, gas burners and oil burners, radiators, baseboard convectors, con- 
trols and heating accessories for residential, commercial and industrial 
heating. 



U. S. “Comfort Cub“ 
Oil Boiler-Burner 
Unit 

U.S. Oil-Fired Boilers 
are completely auto- 
matic in operation 
and contain all neces- 
sary controls. They 
are available with 
standard or extended 
jackets for small, resi- 
dential or commercial 
heating installations. 


Ratings and Dimensions—U.S. 
“COMFORT CUB” OIL-FIRED 
BOILER 

Net I-B-R Rating — 400 sq ft Water 
Net I-B-R Rating— 60,000 Btu/hr. 

Gross I-B-R Output— 93,000 Btu/hr. 
I-B-R Burner Capacity— 0.90 gals/hr. 
Chimney Size — 8 in. x 8 in. x 20 ft 
Dimensions of Complete Assembly 
Jacketed Boiler, Burner and Controls 
require 22^ in. width x 32^ in. 
depth Floor Space 


U.S. Gas-fired 
Boilers 

U.S. Gas Boilers 
include a complet/e 
range of sizes and 
capacities from 800 
to 12,480 sq ft for 
steam heating, and 
from 240 to 20,000 
so ft for hot water 
healing. U.S. Gas Boilers are furnished 
with necessary cont rol equipment and are 
completely automatic in every opera- 
tion. All units are A.G.A. approved. 



U.S. Fin-Ray 
Baseboard Convectors 



V. S. Fin- Ray Base- 
board Convectors— for 
hotneSf offices and 
commercial buildings . 
They can he fur- 
nish in I in. and IH 
in. pipe sites. Write 
for CaUdog AR-t99 
for comply data and 
tpedfuxUions. 


THINTUBE 

RADIATORS 


3-Tub6. 

Heights 

In. 

Per Section 
Heating 
Surface 

25 

1.6 Sq Ft 

4-Tube 

22 

1.8 Sq Ft 

26 

2.0 Sq Ft 

5-Tube 

22 

2.1 Sq Ft 

25 

2.4 Sq Ft 

6-Tube 

19 

i.3 Sq Ft 

25 

3.0 ^ Ft 

32 

3.7Sa Ft 


• IH in. Centers. 


U.S. Copper 
Convectors 

U.S. Copper Con- 
vectors are de- 
signed for use with 
forced circulating 
hot water, two- 

pipe steam, vapor 

or vacuum systems. 
They are constructed of copper tubing 

with non-ferrous fins. Cabinets are 

made of reinforced heavy gage steel. 
Simple chain control damper facilitates 
heat regulation. For complete data, 
write for catalog. 



U.S. SUNRAY 



RADIATORS 


19 in. height is 
standard, 21 in. 
and 22H in - heights 
can be furnished 
by use of higher 
legs. 

No. 5— Depth 5A in. 

Heights 

In. 

Per Section 
Heating 
Surface 

19_ 

1.8 Sq Ft 

No. 6 — 


Heights 

In. 

Heating 

Surface 

19 

a.SSaFt 
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Member 


Rcr. U. S. Pat. 
Off. 


General Office, Detroit 31, Mich. 
Branches and Sales Offices in Principal Cities 


U.S. 2 

Oil-Fired Boiler 


U.S. Red Top 
Boilers 


Boiler 

No. 

Net S^rFt““ 
Direct Cast 
Iron Radiation 

Net Btii 
Per Hr. 

Gross 
Output 
Btu Per llr. 

Steam 

Water 

■" 2-03~ 

350 

560 

“^ooo" 

129.000 

2-04 

500 

800 

120,000 

182.000 

2-05 

650 

1040 

156.000 

234.000 

2-06 

800 

1280 

192,000 

285.000 



Boiler 

Net Sq Ft 
Direct C^ast 

Net Btu 

Gross 

No. 

Iron Radiation 

Per llr. 

Outiiut 


Steam 

Water 



US-25-3 

545 

875 

131.000 

197,000 

US-25-4 

905 

1450 

217,000 

320,000 

US-25-5 

1265 

2025 

304.000 

439,000 

US-25-6 

1625 

2600 

390.000 

555,000 

US-25-7 1 

1985 1 

3175 1 

476.000 1 

669,000 



U.S. 3 

“Thrift Model” 
Boiler 


Boiler 

Number 

Hand -Fired 

iStoker-Fired 

“Oil-Fired 


Steam 

Water 

Steam Water 

Steam 

Water 

R43-S or W 

300 

480 

400 

640 

400 

640 

R53-S or W 

MO 

720 

550 

880 

550 

880 

R63-S or W 

«»J 

960 

700 

1120 

700 

1120 


" .. I Sq Ft Direct Cast Iron Radiation 

Hand-Fired 

[ Steam I Water 

“A” Series— Han dfired (ratings shown) 
Stoker-Oil 


A-7 

340 

545 

A-8 

440 

705 

A-9 

540 

865 

A-IO 

640 

1025 

A 11 

740 

1185 

“B” Series — Handfired-Stoker 

W7— 

740 

~ 1180 

B-8 

920 

1470 

B-9 

1110 

1770 

B-10 

1275 

2040 

B-11 

1440 

23(K) 

B-12 

1580 

2530 

B-13 

1730 

2770 

B-14 

1880 

3000 

“C” Series— 

Handiired (ratings shown) 


Stoker-Oil 


C-H 

1 2715 

4345 

C-16 

' 3180 

5090 

C-18 

3645 

5830 

C%20 

1 4110 

6575 

C%22 

1 4575 

7320 

r-24 

1 .5040 

! 8065 

(;-26 

,5450 

! 8720 

C-2K 

5800 

! 9280 

C-3() 

6110 

9775 


U.S. Water Heaters 

U.S. Hot Wat(*r Supply 
Boilers, for an ample sup- 
ply of domes! ic hot water, 
are available with either 
hand, oil , giis or eleetrieal 
firing. Write for catalog. 



U.S. Vertical or Hori- 
zontal Unit Heaters 

U.S. Vertical or Hori- 
zontal Unit Heaters 
are available with 
either 60 cycle \C or 
25 cycle AC or DC' 
motors in a wide range 
of sizes and capatd- 
ties. Optional control 
equipment for special applications may be 
obtained at extra cost. Write for catalog. 
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Weil-McLain Company 

Manufacturing Division: Michigan City, Ind. and Erie, Pa. 
General Offices: 641 W. Lake Street, Chicago 6, 111. 

NEW YORK OFFICE: 601 Fifth Avenue 

Weil-McLain Boiler and Radiator service is made conveniently aifailable through local stocks 
carried by Weil-McLain Distributors in most of the important distributing centers. 



Nos. 57, 67, 77 All-Fuel 
Boilers 

Conversion type boil- 
ers for hand or automa- 
tic firing. Connected 
Load Ratings: Steam 210 
to 1130 sq ft, Water 340 
to 1810 sq ft. 



Nos. 68 & 78 Boilers for 
Automatic Firing 

Boilers have insulated, 
enameled, extended 
jackets. Net I-B-R 
Ratings: Steam 390 to 
1,130 sq ft. Water 625 to 
1,810 sq ft. 


Raydiant ‘‘Concealed” 

A Radiant convector 
type all cast-iron Radi- 
ator. Made in “Con- 
cealed,” also Partially 
Recessed types. 



No. 87 All-Fuel Boiler 

Conversion type boiler 
for hand or automatic 
firing. Insulated and 
jacketed. Connected 
Load Ratings : Steam 900 
to 2,100 sq ft, Water 1,440 
to 3,360 sq ft. 



Round-Type Boiler 

ITn jacketed Round 
Boiler with corrugated 
heating surfaces for eco- 
nomical home heating. 
Connected Load Rat- 
ings: Steam 310 to 900 
sq ft Water 490 to 1440 
sq ft. 



Solray Radiator 


Free standing, all cast- 
iron Cabinet-type Radi- 
ator with metal cover 
top. Three dei>ths: 21, 
24, and 27 in. nigh; and 
one depth-18 in. high. 
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Square-Type Boilers 


Sectional boilers for 
larger installations 28, 
40 and 44 Series. Con- 
nected Load Ratings : 
Steam 1,580 to 11,3(K) sq 
ft, Water 2,530 to 17,900 
sq ft. 



Type G Gas Boiler 

Jacketed gas water 
boiler for natural, mixed 
or manufactured gas. 
AG A approved. Con- 
nected load ratings: 
Water 305-625 sq ft. 



Junior Radiator 


Smaller Tubular type 
Radiation which con- 
serves space. Available 
in 1} in. centers in 3, 4, 
5 and 6 tube widths and 
19 to 32 in. heights. 
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THE BABCOCK & WILCOX COMPANY 


85 Liberty Street 


AG-137 

Manuf acturen of 


New York 6, N. Y. 


Water-Tube Boilers 
Oil Burners 



Chain-Grate Stokers 
Seamless Steel Tubing and Pipe 


Branch Offices and RepreaentatiTeB in all Principal Cities 


Type H Stirling Boiler 

This three-drum, bent-tube unit is a 
relatively small water-tube boiler de- 
signed primarily for installation where 
head -room and floor-space is limited . It 
is particularly suitable for industrial 
power plants, for process steam require- 
ments, and for heating purposes, and is 
available in four classes and 36 sizes in 
steam outputs up to 50,000 lb per hour 
and pressures up to 4^ lb. Draining 
type superheaters can be furnished, and 
the unit is adaptable to all kinds of 
stokers, and to oil and gas firing. 

Its conservative simple design and its 
production by standardized methods 
make the B<feW Type H Stirling Boiler 
available at a comparatively low price. 



BAW Type H Stirling BoUer fired by a 
BdtW Chain Orate Stoker 

Principal Advantages 

High efficiency and unusually quick 
steaming capacity for the limited floor 
space and head-room required. 

Choice of three locations for ^as exit, 
reducing cost of flues and breeching. 

High rates of heat transfer, with corre- 
sponding high efficiencies. 

Easy accessibility for thorough clean- 
ing and inspection. 

Elimination of many difficulties usu- 
ally encountered in the repair and upkeep 
of fire-tube boilers. 

Ask for Bulletin G-8-E. 



BdtW Integral-Furnace 
BoUer, Type FF, quipped 
for OH finny with BdkW Com- 
bination Oil and Gae Burnere. 

B&W Integral'Fumace Boiler, 
Type FF 


This self-contained steam-generating 
unit for power, process, or heating serv- 
ice is setting new high standards of 
performance in the moderate-capacity 
field. It is designed to a degree of 
standardization that makes it available 
at very reasonable cost, and incorporates 
many of the latest advances in steam 
generation employed by power stations, 
and large industrial plants. It provides 
steam capacities ranging between 8,000 
and 50,000 lb per hour, in pressures from 
160 to 600 psi, and with superheated 
steam temperatures as high as 750F in 
the standard designs. 

Outstanding Features 

A water-cooled furnace, adaptable to 
stoker, oil, or gas firing, provides in small 
space a combustion chamber that effi- 
ciently performs the function of an all- 
refractory furnace of larger size. It vir- 
tually eliminates furnace maintenance, 
and permits higher steam inputs, higher 
furnace temperatures, and higher steam- 
ing rates. 

A secondary furnace, or Open-Pass, 
which insures thorough mixing of the 
gases at high temperatures, thus im- 
proving combustion. 

Ask for Bulletin G-64. 
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The Bigelow Company 

105 River Street, New Haven 3, Connecticut 

MANUFACTURERS OF 


FIRE TUBE BOILERS WATER TUBE BOILERS 


SALES REPRESENTATIVES IN PRINCIPAL CITIES 


Catalog Furnished on Request 


BIGELOW SCOTCH TYPE 
HEATING BOILER 

A compact, self contained, highly ef- 
ficient oil hred boiler that requires low 
head room and has low water line. All 
parts internally and externally are read- 
ily accessible. The boiler is of welded 
construction and contains no water leg 
or stay -bolted surfaces. Built in units 
with steam rating from 1,820 to 42,500 sq 
ft. 




TWO-PASS BOILER 

This boiler is designed to meet heating 
and power requirements, especially 
where space limitations prevail. The 
unit may be oil, stoker or hand fired. 
The elimination of special brick shapes 
and stay-bolts reduces the cost of main- 
tenance to a minimum. The Two-Pass 
boiler is built in standard sizes from 25 hp 
to 250 hp. 


BIGELOW TYPE F 
WATER TUBE BOILER 

Cut shows boiler equmped with 
spreader type stoker. The flexibility of 
design permits oil and other tvpe stoker 
firing. Partial water wall surface is pro- 
vided without extra headers, down- 
comers and circulating tubes. The Type 
F Steam Generating Unit is built in sizes 
ranging from 10,000 to 60,000 lb of steam 
per hour. 
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The Brownell Company 

Established 1855 

452 N. Findlay St. 

Dayton Ohio 

Manufacturers of 

BROWNELL BOILERS, STOKERS, AND 
HEAT EXCHANGERS 

Representatives in All Principal Cities 




Welded Triple Pass Heating Boilers 

built in either high leg or low water line 
types. Hand fired ratings 500 to 35,000 
sq ft steam, 800 to 56, SX) sq ft water 
radiation. Stoker, Oil or Gas fired up to 
43,100 sq ft steam or 69,000 sq ft water 
radiation. A.8.M.E. Code construc- 
tion. 


Type LR (Low Set) Underfeed Ram 
TypeJIStoker. Ideal where height of 
setting is limited. Sizes to 3(X) hp; “H” 
models up to 700 hp. Automatic air 
volume control. Can be furnished with 
Brownell exclusive, fully automatic 
intermittent coal feed control. 



Type C Screw Feed Stoker, proved by 
years of service to be sturdy, reliable and 
efficient. Illustration shows dead plates ; 
can also be furnished with dump plates 
in the larger sizes. 30-300 hp. 


High or Low Pressure Double Pass 
Boiler with Type LR Stoker. Designed 
and manufactured as a matched unit 
steam generating plant. Furnished in 
working pressures from 15 to 150 lb and 
sizes up to 300 hp. For power, heating, 
and process steam. Steam ratings 3,600 
to 42,500 sq ft. Water rating, 5,800 to 
68,000 sq ft when used with stoker, oil, 
or gas. A.8.M,K. Code construction. 



Heat Exchangers, Generators, Con- 
verters. Hourly capacities from 60 to 
4,400 gal; storage capacities 25 to 1,904 
gal. 


The illustrations show only a part of the complete Brownell line. We shall gladly 
send literature describing Brownell equipment. Our field organization is ready to 
assist in problems of steam generation and heating^ 
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Combustion Engineering-Superheater, Inc. 


All Types of Fire Tube and 
Water Tube Boilers 
Mechanical Stokers 



Complete Steam Generating Units 
Pulverized Fuel Systems 


200 Madison Avenue, New York 16, N. Y. 

Offices in all principal cities of the United States and Canada 


More than 20,000 C-E Stokers purchased to date 



C-E Spreader Stoker 


C-E Skelly Stoker— A compact, self- 
contained unit with integral forced-draft 
fan, adapted to burn cither anthracite 
or bituminous coal. Alternate fixed and 
moving grate bars assure lateral distribu- 
tion of fuel. Automatic control is stand- 
ard equipment. Approximate applica- 
tion range — 20 to 200 rated boiler hp. 

Type E Stoker — A single-retort, under- 
feed stoker with an established reputa- 
tion of many years* standing for depend- 
able service. Designed to burn a variety 
of bituminous coals under boilers up to 
about 600 rated hp. Available with 
steam, mechanical or electro-hydraulic 
drive. 

C-E Low Ram Stoker — A single 'retort, 
stationary 'grate underfeed stoker for 
burning bituminous coals under boilers 
in the upper size range of the C-E Skelly 
Stoker. 

C-E Spreader Stoker— A simple, rugged 
overfeed stoker designed to burn a wide 
variety of coals. Fines are burned in 
suspension and the coarser coal on a 
rate which may be of either stationary, 
umping or continuous discharge type. 
Hate of coal feed and air supply may be 
regulated over a wide range and are 
readily adaptable to automatic control. 
Applicable to boilers from about 100 
boiler hp up. 

C-E Multiple Retort Stoker — For burn- 
ing bituminous and semi -bituminous 
coals under boilers up to the largest sizes. 

C-E Traveling Grate and Chain Grate 
Stokers — Including both Coxe and Green 
types. Available with grate surfaces 
suitable for anthracite, coke breeze, 
lignite or bituminous coal, as required. 
Traveling grates are all forced-draft 
types; chain grates are either forced 
draft or natural draft types. 

C-E Boilers— All fire tube and water 
tube types in sizes ranging from 25 hp up 
to the largest. Standard and special 
designs to suit all conditions of fuel, load 
and space. Included are all types for- 
merly known by the trade names 
“Heine,** “Walsh & Weidner,*’ “Casey- 
Hedges,** “Ladd** and “Nuway.** 
Separate Catalogs describing each of 
these products are available. a-bsi -e 
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Established 1886 


Fitzgibbons Boiler Company, Inc. 

General Offices: 

Architects Bldg., 101 Park Avenue, New York 17, N. Y. 

Manufactured at : OSWEGO, N. Y. Member 

Sales Branches in Principal Cities 


Reg. U.S. Pat. Off. 



PRODUCTS— STEEL BOILER HEATING and POWER BOILERS for all fuels and 
all heating systems. Capacities to meet requirements of any building. Built and 
rated according to A.S.M.E. and S.BJ. Codes.— AIR CONDITIONERS for Direct- 
Fired installations in residences of all sizes. 


FITZGIBBONS ‘‘D” TYPE 
Welded Steel Firebox Boilers 
FOR 15 lb W.S.P. 

BUILT 

S.B.I. BATED 
HARTFORD INSPECTED 

The boiler for apartments, office 
buildings, theatres, schools, hos- 
■■ pitals — capacities up to 42,500 sq 
j h steam EDH. 

Full and complete combustion is 
a feature of the Fitzgibbons “D” 
Type steel boiler. In the oil or 
gas fired type, the generous com- 
bustion area insures the liberation 
of every Btu. 

In the coal burning type (stoker 
or hand fired) grate aperatures and 
secondary air intake are correct 
for admitting the right amount of 
air. Flue gases make several 
passes over the length of the boiler. 

Positive water circulation— a 
rapid continuous surging sweep 
induced by the concentration of 
heat at the crown sheet. This powerful circulation is further helped by the ab- 
sence of convolutions or distorted forms which might impede it. 

These two factors — efficient combustion and positive water circulation — ^insure the 
quick heating so valuable in automatic firing, where rapid response to thermostat 
demands cuts down firing periods, and saves fuel. 

Ample domestic hot water is provided with no storage tank by the Fitzgibbons 
“Tanksaver.’** Where a storage tank is used, the “Tankheater*' may be furnished. 



» Reg. U. S. Pat. Off. 
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FITZGIBBONS “80” SERIES 

The Steel Boiler for Smaller Buildings 

e 

This is the latest boiler in the Fitzgibbons line, 
carrying to a new high point those principles 
for which Fitznbbons steel boilers have long 
been known. Particularly high in efficiency, 
fuel economy, quick heating, due to large rec- 
tangular firebox and rapid water circulation 
which promote heat transfer. A willing team- 
mate for any oil burner, gas burner, anthracite 
stoker. Also available for hand-fired anthra- 
cite coal. 

Extra large domestic hot water capacity 
from the TANKSAVER* all year *rouna, with 
no storage tank needed. 

Sizes from 1100 to 3000 sq ft steam net load 
and 1760 to 4800 sq ft water net load. 




FITZGIBBONS “400” SERIES 

The Steel Boiler for Homes 

A boiler that brings to the small home every advantage 
of Fitzgibbons steel boiler construction. Electrically 
welded in a one-piece unit, it combines strength and 
durability with leak-proof, crack-proof construction. 

The 400 Series is a particularly quick heating boiler, 
giving immediate response to thermostat control. This 
reduces the periods of burner operation and is the reason 
for outstanding fuel savings and comfortable tempera- 
ture uniformity enjoyed by the thousands of 400 series 
heated homes. Abundant domestic hot water is pro- 
vided by the Fitzgibbons Tanksaver* summer and 
winter, with no storage tank required. 

This boiler is available in types for all mechanical firing 
methods, and for hand firing with coal. Sizes from 320 
to 900 sq ft net steam, 512 to 1440 sq ft net water. 


THE FITZGIBBONS DIRECTAIRE 

The Winter Air Conditioner for 
Residential Comfort 


The Directaire tempers the air in re- 
sponse to thermostatic action, humidifies 
the air automatically to the degree cor- 
rect for comfort, cleans the air of dirt, 
dust and foreign matter, and circulates 
the air quietly, and without drafts. The 
Directaire is notable for fuel economy, 
due to the Fitzgibbons “Contra Flo” 
principle, in which the passage of air 
through the unit is opposed to the flow of 
combustion gases. 

Fitzgibbons “Weld -Seal” crack-proof 
construction, prevents all chance of com- 
bustion gas leakage into the air stream. 
Installation is quick and easy. Six sizes, 
65,000 to 200,000 Btu/hr, mechanically 
fired. 



Reg. U. 8. Pat. Off. 
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Atlanta, Ga. 
Baltimore, Md. 
Birmingham, Ala. 
Boston, Mass. 

Buenos Aires, S.A. 
Charlotte, N. C. 
Chicago, 111. 
Cincinnati, Ohio 
Clev el and, Ohio 
Cuyahoga Falls, Ohio 


Farrar & Trefts 

Incorporated 
ESTABLISHED 1863 

20 Milbum Street, Buffalo 12, N. Y. 


FARRAR ft TREFTS SALES OFFICES 


Dallas,Texas 
Denver, Colo. 
Detroit, Mich. 
Geneva, N. Y. 
Glendale, Calif 
Grand Rapids, Mich. 
Houston, Texas 
Indianapolis, Ind. 
Little Rock, Ark. 
Louisville, Ky. 


Madison, Wis. 

Marion, N. C. 
Mechanicsburg, Pa. 
Memphis, Tbnn. 
Milwaukee, Wis. 
Minneapolis, Minn. 
Montevideo, Uruguay 
Nashville, Tenn. 

New Orleans, La. 
New York, N. Y. 


Nutley, N. J. 
Orchard Park, N. Y. 
Philadelphia, Pa. 
Richmond, Va. 
Rochester, N. Y. 
Salt Lake City, Utah 
San Francisco, Calif. 
Seattle, Wash. 
Tampa, Fla. 

Utica, N. Y. 
Washington, D. C. 



Tht Bison Compact Boiler 
Series tOO and 900 


The F&T Bison Compact Welded Heatli^ Boiler is more 
than just another boiler. It has been designed carefully so 
as to have a large furnace volume, the proper volume of 
water, just the right amount of steam liberating surface, the 
correct volume for steam storage and a balanced circulation . 
The result is a remarkably steady water line— A Balanced 
Boiler. 

This boiler requires a minimum amount of door space and 
is easy and inexpensive to install . It is reasonable as to first 
cost and economical in operation. Construction is in ac- 
cordance with the A.S.M.E. Code for 15 lb working pressure 
and boilers are designed for hand dring with anthracite or 
bituminous coal or for mechanical dring with oil, gas or 
stoker. There are various sizes available from 2,200 to 
35,000 sq ft of steam radiation, all ratings as required by the 
Steel Heating Boiler Institute, 

The Blsonette Compact Boiler has the same characteristics as the larger Bison 
Compact Boiler. It has been designed for installation in large residences and small 
business establishments where the advantages inherent in a Steel boiler are desired. 
Firebox Return Tubular Heating Boilers are Quality 
Boilers. They are constructed to measure up to the 
high standards set by Heating Engineers and will give 
unfailing service under all conditions. Being eco- 
nomical to install and operate, they are highly favored 
by Architects and Engineers for heating Schools, 

Hospitals, etc. 

There are two types of Firebox Boilers, the Up- 
Draft Type and the Down -Draft Type. Both types 
are made of welded or riveted construction for heat- 
ing purposes at 15 lb working pressure and riveted, or. 

Class 1 fusion welded x-rayed and stress-relieved for 
power purposes at 100, 125 and 150 lb working pressure 
in accordance with the A .S.M.E, Code. Sizes from 4,500 to 35,000 sq ft of steam radi- 
ation, as rated by the Steel Heating Boiler Institute y are designed for hand firing with 
coal or for mechanical firing with oil, gas or stoker. 

Scotch Wet Top Back Boilers are designed so that no refractory tile arc required at 
the top of the rear combustion chamber. The steam space extends the entire length 
of the boiler and the furnace is entirely surrounded by water which permits immediate 
maximum heat transfer and absorption. This special design results in a boiler that is 
extremely efficient to operate anci is maintained at a minimum cost. 

The Scotch Wet Top Back Boiler is a self-contained unit. It can be moved easily and 
can be installed on two saddles. No expensive foundation or pit is required. No ex- 
ternal brickwork is needed. Because of its short length, low height and low water 
line, this compact boiler unit can be installed in small spaces where there is lack of 
headroom and where no other type will fit. 

Designed for oil, gas or mechanical firing, in accordance with the requirements of the 
A.S.M,E, Code for 15 lb working pressure, ratings of these boilers conform to S.BJ. 
Sizes range from 3160 to 42500 sq ft of steam radiation. 

Write for Complete Catalog 
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The International Boiler Works Company 

350 Birch St., East Stroudsburg, Pa. 

SALES OFFICES Ilf PRIKCIPAL CITIES 


years ‘‘Fuel -Savor” Boilers Type C 
have met the requirements for low 
cost heating in office and apartment 
buildings, hotels, schools, theatres, in- 
dustrial plants, etc. 

Their design and construction makes 
them especially suitable for modern heat- 
ing requirements: 

QUICK STEAMING 

Due to rapid and positive internal 
water circulation. 

MAXIMUM HEAT ABSORPTION 

Due to effective distribution of 
heated gases. 

EASE OF CLEANING 

Due to accessibility of heating sur- 
faces. 

“FUEL-SAVER” Boilers have cut 
fuel costs in thousands of heating instal- 
lations. 

Complete range of standard 
sizes rated in accordance 
with S.HJ.-lb \hAS.M.E. 
standard — for hand, stoker, 
oil or gas firing. 

Type C < win section — a heating boiler 
in halves. For installation where Type 
C one piece cannot be carried through 
existing passages. 

Type KD- knocked down — a heating 
boiler designed for shipment so that sec- 
tions can be carried through a door or 
window. Eliminates expensive cutting 
or patching of building. Reduces time 
out w'heii in need of steam. 



Typical Type C Jnatallation 



Halvetf of twin section ready for halting 




Type CR w^ater-tube pow’cr 
boiler for processing and 
power. 100-125-150 s.w.p. 
A.S.M.E. standard. 
Complete range of sizes — 

10 f o 300 hp for hand , stoker , 

011 or gas firing. 


Write for bulletins 
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Johnston Brothers, Inc. 

ESTABLISHED 1864 

Member 

Fenysburg, Michigan 

Rsg. U. S. Pat. Off. 




“PACKAGED'* 
STEAM BOILER UNIT 
FULLY AUTOMATIC 
HEAVY OIL 


WATER-BACK TYPE, 
FORCED DRAFT, THREE-PASS, 
TROUBLE-FREE, EFFICIENT. 



Rating guaranteed and overloads 
readily obtained. 

HIGH PRESSURE TYPE from 50 to 
500 hp and pressures of 125, 150 & 200 
lb psi. 

LOW PRESSURE TYPE for heating; 
15 lb pressure, and KDR rating from 2190 
sq ft to 42,500 sq ft steam. 

A.S.M.E. Code construction. Ask for 
Bulletin 505. 




Standard Scotch Boiler 
Water-back Type, 
Natural Draft. 


Firebox Heating Boiler, Compact Type. Oil, Gas, 
Stoker or Hand Firing. Three-Pass 15 lb pressure. 
A,SM,E. Code. Capacities 2190 to 42,500 sq ft. 
SBI rating. Ask for Bulletin 1.500. 


POWER, PROCESS, HEATING. 

25 to 300 hp and pressures 15 lb to 200 lb psi. 
For mechanical firing with Coal , Gas or Oil . Over- 
loads up to 200 per cent of rating readily developed. 
Oil or Gas firing equipment and controls can be 
installed for completely automatic operation and 
in emergency or fuel scarcity, can be readily con- 
verted to Coal firing. 
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Mt. Hawley Mfg. Co. 

Mt. Hawley Airport, Peoria, Illinois 
Manufacturers of ASME Oil and Gas-fire^ Boiler-Burner 
Units, Water Heaters, Conversion Oil Burners 



New Spiral Tube Design (Pat. applied for) extracts more 
heat; lowers stack temperature approximately 100 deg. 
All-Steel. Sides and top heavily insulated. Wet base. 
Pre-cast combustion chamber or tankless heater easily 
replaced. 

Underwriters Approved oil burners ; A GA approved gas units 
to burn natural, manufactured, or LP gas. 

Simplified Installation. Completely assembled at factory. 
Water Heaters. All models available galvanized as water 
heaters for commercial and institutional use. 



SIZES AND SPECIFICATIONS-MT. HAWLEY BOILER-BURNER UNITS 



domestic: 


COMMERCIAL 


Boiler Model Number 

No. 10 

No. 16 

No 25 

No. 40 

No 55 

No 75 

No. 100 

Bating Sq. Ft. IIW Standing Ra- 
diation 

Hating Sq Ft. Steam Standing 

MO 

920 

1400 

2240 

3072 

4160 

5600 

Rudiution 

040 

575 

875 

1400 

1920 

2600 

3500 

Bt.u. Output per hour (max ) 

1040(M) 

172000 

261000 

417000 

574000 

782000 

1043000 

11 P. 

2 3 

4-6 

6-8 

10-12 

12-16 

18-22 

25-30 

S(i. Ft Heating Surface 

20 

32 

43 

80 

131 

174 

232 

('apacity of blr gph dely-lOO" 








rise wiien used as Water Heater 

120 

181.5 

275 

440 

605 

825 

1100 

Water C 'apacity of Boiler, gal. 

20 

27 

37 

62 

106 

155 

194 

•Cl P. 11. C'upacity Water Heat- 








mg (aiil (tunklfiHs type) 

120 

120 

280 

320 

450 

600 

600 

M t 1 la wley burner model recom . 
l^nrig Hate Hecommended, (1 

(1-2 

(-.2 

(1-4 

(1-4 

(1-6A 

G-6B 

(J-6B 

.75- 

1.00- 

1 65 

2.50- 

4.00- 

5.50- 

7.50- 


1 00 

1.65 

2.50 

4.(M) 

5.50 

7 50 

10.00 

1 Diameter. 


20H' 

241^" 

29' 

34' 

39' 


Boiler Mam Slielh' Clauge of Steel 

U” 

*4" 

‘ 4 " 

* 4 " 

‘ 4 ' 


[Height 

4K>4" 

48*4'^ 

48«4" 

57»4'' 

67' 

79' 

1 79' 

f Diameter O. D. 

2'' 

2- 

2' 

2' 

2' 

2' 

2' 

Tiibesj Clauge of Steel 

12 ga. 

12 ga. 

12 ga. 

12 ga. 

12 ga. 

12 ga. 

12 ga. 

[No. in each size blr 

10 

1 10 

28 

47 

65 

88 

: 124 

Flue Heads IT Clauge of Steel. 

■ ■'5/10'^ 


'5/16' ' 

5/16' ” 

5/16' 

5/16' 

1 5/16' 

1 Shape 

Sipiare 

S(]uure 

Square 

Round 

Round 

Round 

Round 

. J Diameter or width 

Jacket i^i^gth 

20H" 

22W 

23H" 

25H" 

27H' 

29H" 

31' 

36' 

1 41' 

46>^' 





[ Height 

h2W 

52H' 

52X' 

69»/4' 

69' 

81H" 

81H" 

Height Water Line 


32H'^ 

32^^^ 

42' 

49 F 4 ' 

53' 

53' 

Steam Outlet|{]^^*’Jj®^^^^ 

2" 

2" 

2' 

39 * 4 ' 

49' 

3' 

57^4' 

4' 

67' 

4' 

67' 

Diameter of *wturn 

2’’ 

2» 

2' 


3' 

4' 

4' 

Smoke OutletjjJ^Jht^bove floor 


8' 

43M" 

9' 

43H" 

10' 

6Ur 

12' 

60*4' 

12' 1 
71*4^' 1 

■QM 

Diameter Burner Opening 



AMT 

■Eai 

5V 

hW 


Clhimney Size Recommended. 

8x8^^ 

8x8' 

9x9' 

12x12' 

12x16' 

16x16' 

16x16' 

Shipping Weight— boiler .... 

612 

763 

1009 

1530 

2280 

2700 

3350 

Shipping Weight-^burnor ... . 

60 

60 

72 

72 

82 

82 

82 

Shipping Weight— total . . . 

672 

823 

1081 

1602 

2362 

2782 

3432 


* Ksti muted— Baued on 180” boiler water, 100” temperature rise. 

Boiler shipping weights are estimated since almost every shipment will vary in weight 
due to lumber and building of the orate. 

Write for complete specifications on Mt. Hawley Boiler-Burner Units and 
gun-type oil burners— 0.65 to 20.0 gph. New Mt. Hawley high-efficiency 
combustion head especially designed for catalytic oils available. 
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THE TITUSVILLE IRON WORKS CO. 

TITUSVILU, PBINSYLVANIA, U,S.A. 

DIVISION OF STRUTHERS WELLS CORPORATION 



Amerkoii Headquorters for 

A.S.IW.t 

DepMoable cok 


^..silica 1860 



Type 

DeeigruUton CM 

Titusville Compact Steel Heating Boilers 
built in 19 sizes ranging from 129 square 
feet to 25(X) square feet heating surface, 
and maximum steam working pressure 15 
psig. 



Type Deeignation Ticotherm 

Titusville Ticotherm Steam Generators 
!)uilt in 13 sizes ranging from KKK) square 
feet to 5000 square feet heating surface. 
Pressures 160 psig, 200 psig, 250 psig and 
higher. ^ 



Type Designation S-li 

Titusville Scotch Marine Heating Boilers 
built in 19 sizes ranging from 129 square 
feet to 2500 square feet heating surface, 
and maximum steam working pressure 15 
psig. 



Type 

Designation RP 

Titusville Portable High Pressure Fire- 
box Boilers built in 13 sizes ranging from 
250 square feet to 2500 square feet heat- 
ing surface, steam pressure 100 psig and 
125 psig. 



Type Designation Wee Scot to 60 HP, SP above 60 HP 

Titusville Scotch Marine Power Boilers 
built in 13 sizes ranging from 97 square 
feet to 3(KX) square feet heating surface. 
Pressures 125 psig and 150 psig. 



Type Designation TDL 

Titusville Three Drum Low Head Water 
Tube Boilers built in numerous sizes 
ranging from 729 square feet to 6109 
square feet heating surface. Pressures 
1^ psig, 200 i)sig, 250 psig and higher. 


Descriptive technical literature is avmlabl^ on request. To insure you the highest 

ille Iron Works Company combines 
ears experience in building 
' Code Rules. 

1276 




Heating Systems • Bnman. ou 


The Webster Engineering Company 

419 West 2nd St., Tulsa, Oklahoma 

Division of 

SURFACE COMBUSTION CORPORATION, TOLEDO, OHIO 


FOR STEEL FIREBOX, SECTIONAL, WATER 
TUBE and HRT BOILERS 


SERIES ¥600 
Low Pressure Gas 

This is an outstanding vertical atmos- 
pheric venturi gas burner, with the 
radiant refractory top that utilizes 
straight natural gas and mixed gas to 
800 Btu at pressures from 2''w.c. to 8 
ounces. Series F600 Burner Assemblies 
are available with ratings from 50,000 
to 10,000,000 Btu/hr for firing all types 
of steel fireliox and sectional boilers. 

SERIES 200 

Intermediate Pressure Gas 
with Combination Oil. 

The Series 200 Webster Radiant Com- 
bination (ias and Oil Burner is a straight 
atmospheric horizontal firing assembly 
that makes it possible to utilize natural, 
mixed or manufactured gas in combina- 
tion with all types of fuel oil. 

Recommended for application to refrac- 
tory furnaces, it is designed for firing 
Water Tube and IIRT boilers when oil 
fuel is used over extended periods and a 
gas pressure of at least 1 lb is available. 

SERIES 1 
Low Pressure Gas 
and Standby Oil. 

It is a 100 per cent secondary air-hor- 
izontal firing, multi-jet burner that 
operates equally well with natural, 
mixed or manufactured gas. 

1 


It is suitable for firing Water Tube and 
HRT boilers and, should design condi- 
tions prevent the use of a vertical burner 
such as Series F600 or Series 650 or the 
KINETIC burner, the Series 1 will 
prove very acceptable for firing steel 
firebox and sectional boilers when com- 
bustion spa(;e is not limited. 

KINETIC 
Low Pressure Gas 
and Standby Oil. 

Consisting of a multiplicity of full 
venturi mixers with flame retention noz- 
zles assembled in a metal casing com- 
plete with pilot and louvre, the KI- 
NETIC burner is presented as the latest 
addition to the W’^ebster line of firing 
equipment. It may be used with nat- 
ural, mixed and liquefied petroleum 
gases. 

Being a multiple head assembly, the 
Kinetic burner can be supplied in any 
size or shape. The firing of Scotch 
Marine boilers with extremely low pres- 
sure gas without noise, vibration or 
electrical power and with minimum 
furnace draft was the sole objective 
when the Kinetic burner was developed. 
When design conditions preclude the use 
of a vertical burner in a steel firebox or 
sectional boiler, the Kinetic burner is 
highly recommended as the next best gas 
application. 
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Ace Engineering Company 

1435 West 15th St., Chicago 8, 111. 

"Custom Engineered Oil Burning Systems Since 1931" 


The Ace Uniflow oil burner is built in 
ten sizes to burn all grades of fuel oil. 
The oil pump is available cither as an 
integral part of the burner or as a sepa- 
rate unit, depending upon the job re- 
quirements. Standard models include 
both belt and direct drive and for opera- 
tion with all electrical current character- 
istics. 

The Ace oil burner features as standard 
equipment the patented Ace Uniflow 
valve, which permits constant uniform 
flow and flame regardless of oil tempera- 
ture or viscosity. 

Approved by Underwriters* Labora- 
tories, Inc., New York Board of Stand- 
ards k Appeals and the States of Massa- 
chusetts and Connecticut, these burners 
are designed to oil fire commercial and 
industrial boilers in the capacity ranges 
as shown below. 



TECHNICAL DATA AND SPECIFICATIONS 


urner Size 

Maximum 

G, P. H. 

Boiler 

Horse Power 

S(K Ft. Steam 
Radiation 

Motor Size H. P. 

12 

8 

24 


\ 

14 

15 

45 

6,000 


15 

22 

66 

8.800 

4 

16 

30 

90 

12,000 

j 

17 

45 j 

1 135 

18,000 

1 1 

18 

70 

1 210 

28,000 

' 1.5 

19 

85 

255 

34,000 

2.0 

20 

100 

300 

40,000 

3.0 

22 

130 

400 

52,000 1 

5.0 

24 

165 

500 

64,000 I 

5.0 



ACE AIR NOZZLE 
(Patent Pending) 

The Ace variable-vaned air nozzle per- 
mits accurate, efficient shaping of the 
flame to conform with the snape of the 
combustion chamber. The angle of the 
vanes can easily be changed in the field 
to any desired position to suit the boiler 
requirements and thus insure the maxi- 
mum flame without oil impingement. 


SEND FOR ACE MANUAL. . . 

PREPARED SPECIFICALLY FOR ARCHITECTS AND ENGINEERS. 
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Automatic Burner Corp. 

• 1823 Carr 9 ll Ave. 

Chicago 12, HI. 


THE TRADE MARK OF QUALITY OIL BURNERS FOR 29 YEARS 




PRESSURE TYPE OIL BURNER 
Model 51 

Here is the burner which meets every de- 
mand of the complete range of domestic 
heating needs. It combines beauty of de- 
sign, excellence of engineering and precision 
production ... to deliver guaranteed per- 
formance. The Model 51 mounts directly to 
the boiler by means of a flange, accurately 
machined for precise fit. Its Jth hp motor 
insures trouble-free, amazingly quiet opera- 
tion. It is attractively finished in the non- 
rusting, wear -resistant beauty of Hammer- 
loid. Available in standard and odd cycles 
and voltages. 


PRESSURE TYPE OIL BURNER 
Model S2-A 

This gun type oil burner has the famous 
ABC Oilairator mechanism that atomizes 
the fuel, mixes it with air, and delivers it 
with correct twist and velociW to insure 
complete combustion. The ABC nozzle, to- 
gether with the proper choke and turbulator 
guarantees precise control and flexibility 
. . . guarantees a thoroughly satisfactory 
economical home heating unit. Capacity 
0.6 to 6.0 gph. 



RANGE BURNER 

This ABC oil range burner offers the advan- 
tages of all-steel construction, complete in- 
terchangeability of parts, and precision 
manufacture. Tight joints insure constant 
efficiency of the flame. Easy to clean . . . 
easy to operate . . . ideal for stoves, ranges, 
water heaters. Uses kerosene as a fuel. 


ABC . . . MAKERS OF 

Domestic Boiler and Furnace Units . . . 
Range Burners . . . Water Heaters . . .Spe- 
cial Products. 
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Cyclotherm Corporation 

90 Broad Street, New York 4, N. Y. 

Factory Distributors throughout the United States 
Sole Export Distributor: Drake America Corp., 20 £. 50th St., New York 22, N. Y. 


CYCLOTHERM STEAM AND 
HOT WATER GENERATORS 


Operate on Cyclonic Combus 
tion principle. Completely auto 
matic with full safety controls. 
Oil, gas or interchai^eable gas 
and oil firing. Only four con 
nections required. 



The Cyclonic Combustion operating 
principle causes the fuel to be burned 
while spiraling at high velocity around 
the inside wall of the combustion 
chamber, forming virtually a tube of 
flame. This provides uniform and highly 
efficient heat transfer over the entire 
furnace wall without hot spots. Com- 
plete utilization of heat transfer areas 
provides quick heat as well as greater 
than 80 per cent efficiency with the re- 
duced maintenance of a two-pass design. 

10 to 50 hp models are equipped with 
‘‘on-off” control; 80 to 300 hp models 
have modulated control. (60 hp models 
available with cither control form.) 
Automatic combustion safeguard, low 
water and other safety controls are in- 
cluded. 


Pressure Range 

Available in standard low pressure 
units or high pressures up to 200 psi. 


Fuel Burner Arrangements 


Fuel 

Light Oil, 1 to 3 
Heavy Oil, 5, 6 and 
Bunker C 

Gas, mfd., mixed and 
natural 

Comb, light oil and gas 
Comb, heavy oil and gas 


Cyclotherm Size 
10 to 300 HP 

80 to 3(K) IIP 

10 to 3(K) HP 
10 to 300 HP 
80 to 300 HP 


STANDARD RATINGS AND DIMENSIONS 

Steam Unite Hot W ater Unite || Overall PimenBiona (Inches) 

« I Equivalent I Eqiii valent I I 


Steam per 
Hr. 

(Pounds) 


1,006,000 

1.340.000 

1.675.000 


2,680,000 

3,360,000 


I Equivalent 
Direct 
Radiation 
(Sq. Ft.) 
1.306 


Gallons ^^!valent 

flSo^Ktai) 

(lUO Kise; fgq J 

410 ■ 2.230 66 41 40' 
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Combustion Equipment Division 

TODD SHIPYARDS CORPORATION 


81-16 45th Avenue, Elmhurst, Queens, N. Y. 


New York, Brooklyn, Hoboken, 
Newark, Philadelphia, Harrisburg, 
York, Lancaster, Albany, Buffalo, 
Rochester, Portland (Me.), Boston, 
Springfield (Mass.). Baltimore, Snow 
Hill, Washington, Norfolk, Richmond 
(Va.), Charleston (S.C.), Atlanta, 



Tampa, Mobile, New Orleans, Chicago, 
Detroit, Grand Rapids, Saginaw, Gal- 
veston, Houston, Los Angeles, San 
Francisco, Seattle, Portland (Ore.), 
Montreal, Toronto, Barranquilla, Bu- 
enos Aires, London 


THE TODD HEX-PRESS REGISTER in 
combination with the TODD “VEE- 
CEE” VARIABLE CAPACITY BURNER 

. . . makes possible increased combustion 
efficiency under almost any type of boiler 
of 100 hp. capacity or larger, operating 
at 50 lb. steam pressure or higher. 

It provides equal efficiency under 
either forced or natural draft conditions. 
The Hex-Press Register assures the most 
intimate mixture of oil and air as well as 
quicker, more complete combustion . . . 

COMBINATION GAS 

For Natural or Refinery Gas and/or 
Fuel Oil. Available in wide range of 
capacities. Quickly adjustable for the 
combustion of cither fuel alone, or both 
ill combination. Of special value where 
fluctuating comparative costs of these 
fuels call for equipment suited to change- 
over without time-consuming structural 
changes. 

Maintenance and operation arc re- 
duced to a minimum by compactness and 
simplicity of design . . . accessibility of 

ROTARY FUEL 


with minimum draft loss at high capacity 
. . . effecting great economy in mainte- 
nance and materially reducing fuel costs. 

Through the exclusive “variable 
range” feature of the “Vee-Cee” Burner, 
practically unlimited firing range is 
assured . . . without change of burner 
tips, oil delivery pressure or angle of 
spray. 

Constant steam pressure can be main- 
tained regardless of demand . . . chang- 
ing load requirements are met instantly 
under manual or fully automatic control. 

AND OIL BURNERS 
all parts . . . rugged construction and 
positive overall (jfficiency. 

Design features eliminate possibility of 
escaping gas due to structural distortion 
. . . prevent stratified combustion result- 
ing from improper air distribution and 
high gas pressure. 

Providing sufficient flexibility to care 
for varying loads, these units assure high 
furnace temperature and radiant heat 
transfer with low stack temperature . . . 
thorough mixture and optimum air-fuel 
ratio with utmost east of adjustment. 

OIL BURNERS 


For firing high or low pressure steam or 
hot water boilers of all types ... in 
smaller factories and industrial plants, 
laundries, dryers and cleaners, office 
buildings, hotels, apartment houses. 
Also applicable to industrial ovens, kilns, 
etc., where furnace and general physical 
conditions permit. 

Available with manual, semi-auto- 
matic or fully automatic control ... in 
varying sizes and types ... for burning 
light or heavy oil. 

Horizontal atomizing cup is rotated by 
direct-connected electric motor, assuring 


constant firing as long as motor is in 
operation. Motors are of extra large 
frame size, air-cooled and built to with- 
stand long, hard service. Positive air-oil 
interlocking device automatically shuts 
off oil supply following any burner 
stoppage. 

Of rugged construction . . . with all 
parts easily accessible for cleaning or re- 
newing . . . these burners provide a flexi- 
ble capacity range, with complete and 
efficient combustion under widely fluctu- 
ating loads. 


TODD MANUFACTURES: Mechanical Pressure Atomizing Oil Burners— VEE- 
CEE Variable Capacity Burners— Horizontal Rotary Oil Burners— Oil Burning Air 
Registers for Natural, Assisted, Induced or Forced Draft— Inside Mixing Steam 
Atomizing Oil Burners— Combination Gas and Oil Burners— Furnace Doors and 
Interior Castings for Converting Ilowden Type Furnace Fronts to oil firing — Oil 
Burning Galley Ranges— Oil Heating, Pumping and Straining Equipment— Heated 
Air Generators. 

All installations of Todd Equipment are always individually engineered to fulfill 
specific requirements. Send Jor descriptive literature. 

Todd engineers are always available for consultation and 
analysis of combustion problems^without obligation. 
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Enterprise Engine & Foundry Co. 

BURNER DIVISION 

18 th & Florida Sts., San Francisco 10, Calif. 

Distributors in Principsl Cities 



OUTSTANDING 
METERING PUMP 
FEATURES: 


ENTERPRISE V-BELT HORIZONTAL 
ROTARY TYPE OIL BURNERS 

Enterprise burners are completely self-contained. 
The fan and atomizing cup arc mounted on a rigid 
tubular shaft, of ample inside diameter to allow 
even flow of oil. The burner shaft is mounted in 
ball bearings and is V-belt driven. Shaft rotation 
speed is maintained regardless of motor RPM. 
The flexible drive arrangement permits inter- 
change of modern type motors. 

Oil metered into burner passes through main shaft 
to atomizing cup, then into primary airstream, 
where it is converted to a combustible fog. Air 
surrounds each drop of oil, giving the right density 
for complete, efficient burning. 


1. Fully field tested un- 
der practical operat- 
ing conditions. 

2. Constant oil delivery 
regardless of viscosity 
changes. 

3. Two-stage unit, in- 
cludes primary gear 
pump and secondary 
metering pump. 

4. Adaptable for auto- 
matic modulating con- 
trol or manual control . 

5. Oil reservoir provides self-priming, 
and bleeds air through line in case of 
leaky suction line. 

6. Eliminates relief valves and oil pres- 
sure adjustments. 

7. Eliminates metering valves. 


BURNER CAPACITIES 


Steam 

240 BTU 

Hot Water 
150 BTU 

Boiler HP 

Gals. 
Per Hr. 

1,650 

2.650 

12 

4 

2,800 

4,500 

20 

7 

5.600 

6,900 

40 

15 

9.000 

14,400 

65 

22 

16,000 

25,500 

115 

35 

23.000 

36,750 

165 

50 

31,500 

50,400 

225 

70 

46, 100 

73,750 

330 

100 

62,900 

! 100,650 

450 

135 

90.000 

! 145,300 

1 650 

200 


8. Pump completely immersed in oil. 

9. Reduces pressure on return line. 

10. Secondary metering pump adaptable 
to gravity type heavy oil burners op- 
erating f rom si nglc pump set . All ows 
reduced pressure. 


AA 

A 

C 

E 

G2 

H2 

,12 

K2 

L2 

M2 


COMBINATION OIL AND GAS BURNERS 


Enterprise Oil -Gas Burners can be used 
with whichever fuel is more readily ob- 
tainable. The gas unit is a ring type, 
multi jet head mounted on standard 
burner, with primary air for either fuel 
supplied by the same fan. Gas jet ori- 
fices are factory drilled for individual 
requirements depending upon pressure, 
specific gravity and Btu content of gas. 
Burner operation and firebox construc- 
tion are the same with either fuel. 
Burners are available with manual, semi 
or full automatic control. A constant 


burning gas pilot is advisable when gas 
fuel is used. 

In all combination gas-oil installations 
and in largo oil installations, electronic 
controls are recommended. Automatic 
burners are supplied with standard gas- 
electric ignition and can be arranged for 
constant gas pilot with gas fuel, and for 
intermittent pilot with oil fuel. Pilot 
is automatically lighted for each start 
and extinguished when burner shuts 
down on safety. lOn tor prise factory 
engineers should be consulted for com- 
plete wiring diagrams. 


Fhiterprise Burners are Approved by Underwriters^ Laboratories , Inc. 
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Trade Hark 


Burner Co. 

Head Office: San Rafael, Calif. 

Factoiy Representatives in 18 Principal Cities 




Natural Draft, Automatic, Vaporizing Burner 

Natural draft vaporizing liurner, specifically de- 
signed for low cost (latalytic furnace oil and listed by 
the Underwriters' Laboratories. C'utaway model 
shown in typical conversion installation (with con- 
trols attached) is fully automatic, with electric 
ignition (no pilot light) and thermostatic control. 
Manually operated rnodcils, which do not require 
electricity, arc also listed for low cost catalytic oil. 
Seven sizes: 1.45 (jts to 2J^2 ga-l per hour. 

Fully Automatic Oil Burning Floor Furnace 

These low cost units arc fa(;tory assembled, includ- 
ing all controls, ready to hang in floor. Easy instal- 
lation, no basement needed. Natural draft vaporiz- 
ing burner, automatic operation, with electric ignition 
and thermostatic control. Inexpensive to operate. 
Listed by Underwriters’ Laboratories for low cost 
catalytic furnace oil. Two sizes: No. 70-47—47,250 
Btu output (22 in. wide x 28 in. long x 44 in. high); 
No. 100-47 — 75,(K)0 Btu output (22 in. wide x 40 in. 
long X 4532 ill* high). 



Utility Room Furnace 

Ideal for modern h<)mes 
without basement. Com- 
pact, fits neatly in small 
utility room. Overall 
size: 20 in. wide x 32 in. 
deep X 73)2 i*i- Very 
high efliciency. Two 
filters, 16 in. x 20 in. x 2 
in.; 9 in. blower, 11)00 
cfm capacity at M in. 
SP. Cold air return bot- 
tom or sides. 84,000 Btu 
output. 




Winter Air Conditioner 

Size A, 85,000 Btu out- 
put. Size B, 125,000 Btu 
output. Multivane 
blower, filters, vaporiz- 
ing burner. 


Ceiling Furnace 

Industrial overhead 
heating saves floor space. 
ITnits are factory assem- 
bled, including vaporizing 
oil burner (no refractory 
b r i c k saves m u c h 
weight), thermostatic 
control, high capacity 
heat distributing blower 
with H hp motor. Con- 
forms to requirement of 
the Underwriters’ Lab- 
oratories for use in 
garages. 140,000 Btu 
output. 


Coil Type Water Heater 

For radiant heating in 
small hoiiKJS or for hot 
water supply in indus- 
trial and commercial use. 
Employs separate hot 
water stoiage tank. 
Two sizes: No. 150 — 
106,960 Btu output, 150 
gph (S0° rise); No. 250— 
160,440 Bill output, 250 
gph (80° rise). 



A complete line of oil-fired small home heating units 
—plus special industrial units of moderate capacity. 
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S. T. Johnson Co. 

Builders of Domestic and Commercial Oil Burners 

940 Arlington Ave., Oakland 8, Calif. 

401 No. Broad St., Philadelphia 8, Pa. 


Self -storage water heaters, separate burner 
units, burner-boiler units, conditioned air units, 
range burners and various specialized items com- 
prise the line-up of Johnson light-oil Burners. 

There is a wide range of sizes and capacities in 
each classification with which heating engineers 
and contractors can successfully meet every type 
of problem. 

Every Johnson Burner 
is backed by an unbroken 
45-ycar record of fine en- 
gineering and excellent 
craftsmanship. 





Heating Systems • Bnnien. on 


S. T. Johnson Co. 

Builders of Heavy-Duty Industrial Oil Burners 

940 Arlington Ave., Oakland 8, Calif. 

401 No. Broad St., Philadelphia 8, Pa. 


Johnson Industrial Burners are designed to operate on Heavy Oils which produce 
extra heat at low cost. They increase the capacity of equipment formerly fired with 
coal and produce desired steam pressures more quickly. Automatic regulation 
permits the boiler to operate with maximum efficiency at any specified steam pres- 
sure, without watching, care or attention, thus reducing labor costs. 


They have been installed with marked 
success in hotels, hospitals, factories, 
office buildings and other large structures 
all over America because they provide 
heating engineers with a wide range of 
eapacities and with every desired feature 
of economy, performance and automatic 
control. 


In their design and in their construc- 
tion, Johnson Burners represent the new 
and advanced engineering and building 
techniques backed by 45 years of prac- 
tical experience. 




Fully automatic. Pre-heater type. 
Burns No. 6 Oil. Six sizes, 20 to 300 
horse power output. 


TYPE 30 AV 

Fully automatic. Burns No. 5 Oil. 
Six sizes, 2 to 100 gph. 


TYPE 28-^ ^ 

Manual and semi-automatic. With or 
without built-in pumps. Burns No. 5 
and No. 6 Oils. Seven sizes, 2 to 
135 gph. Illustration shows burner 
swunp away from fire-hole-plate for 
easy inspection. 
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Petroleum Heat & Power Company 

Main Office and Factory: Stamford, Conn. 

“Since 1903” . . . Good Oil Burning Equipment . . . Fuel Oils 

DOMESTIC 
OIL HEATING 
EQUIPMENT 



PRESSURE ATOMIZING DOMESTIC BURNERS 


Models P 20-A, P 21, P 22 

Applicable to steam, hot water, or warm air systems. 

Burn No. 3 fuel oil (or lighter), heaviest and lowest 
priced fuel oil approved by Underwriters for domestic 
use. Constant electric ignition for reliable, safe opera- 
tion. Order or in- 
quiry should speci- 
fy the type, size 
and rating of lioiler 
or furnace to be 
fired, together with 
the total load. 

Models P 12, P 13-A, P 13 

Applicable to heating large residences, stores, 
garages and other commercial buildings. 
Approved for No. 3 (or lighter) fuel oil. 




Burner 

M^el 

Number 

Nozzle 
Size Gal 
per Hr. 

1 Total Capacity 

App. 

Sh’p’g. 

Wgt. 

Steam 
Sq Ft 

Hot 
Water 
Sq Ft 

P-20-A 

1.00 

350 

560 

120 


1.25 

435 

695 


P-20 

To 

To 

To 

120 


2.50 

875 

1400 



2.00 

700 

1120 


P-21 

To 

To 

To 

120 


4.50 

1575 

2520 



3.00 

1050 

1680 


P-22 

To 

To 

To 

135 


6.00 

2100 

3360 



6.00 

2100 

3360 


P.12 

To 

To 

To 

190 


10.00 

3500 

5600 



0.00 

3150 

5040 


P-13-A 

To 

To 

To 

250 


12.00 

4200 

6720 



12.00 

4200 

6720 


P-13 

To 

To 

To 

250 


18.00 

6300 

10080 



UNITS AND HEATERS 



Front view of Pelro Petro A-76 Winter \Air 

Standard Automatic Conditioner 

Boiler for Steam 


Standard Model Petro 
Automatic Boilers, in 
two sizes, for steam and 
water, are steel boilers 
designed for small home 
field. Winter Air Condi- 
tioner rated 75, (XX) Bt-u at 
r(?gi8ter. Storage Tyiie 
Water Heaters operate on 
No. 3 oil and heat 120 gph 
Petro Storage Type 100 temperature rise. 

Hod Water Heater 

Send for Catalog of Petro Domestic Oil 
Heating Equipment. 

1286 





Heating Systems • Bunwn, on 


Petroleum Heat & Power Company 

Main Office and Factory: Stamford, Conn. 

Oil Burning Equipment . . . “Since 1903” . . . Fuel Oils 


PITIO 


INDUSTRIAL AND 
COMMERCIAL OIL 
BURNING SYSTEMS 


For Unheated Commercial Oils : 

Model W-A — ^Automatic ignition and 
operation with synchronized control of 
oil and air. 

Model W-SA — Semi-automatic, z.e.: 

automatic variation of firing rate with 
manual ignition; also available for 
manual variation and manual ignition. 

For Heated Oils: Heavy No. 5, No. 6 
(Bunker oil. 

Model W-AH — Automatic ignition and 
operation with synchronized control of 
oil and air, and of oil heaters. 

Model W-SAH — Semi-automatic with 

oil heaters, i.e.: automatic variation of 
firing rate with uia,nual ignition; also 
available for manual variation and 
manual ignition. 


CAPACITIES 


Model 

Motor 

H.P. 

Mux. 
GhIh. 
per Hour 

Hated 

Cap. 

B.H.P. 

Steam 

lUd. 

W-2i 

\ 

11 

37 

5,150 

W-3 

h 

15 

50 

7,030 

W-4 

h 

25 

84 

11,720 

\V-5 

1 

33 

117 

16,400 

W-G 

2 

50 

108 

23,440 

W-7 

2 

70 

235 

32,800 

W-8 


100 

336 

46,600 

W-8i 

3 

120 

403 

56,200 

W-» 

3 

145 

487 

68,000 


These biirnerN ure uvuiluble for all tyiieN of electri- 
cal current supply . 


PETRO’S THERMAL 
VISCOSITY CONTROL 

A dependable and accurate control of 
viscosit V— and hence delivered combus- 
tion efficiency—is through the heat 
applied to the oil. Petro’s Thermal Vis- 
cosity System controls this heat-applica- 
tion at its source. 



Model WD~~Direet Driven, Rotary Cup Type Burner. 
lUuetration Shows Modutrol Mounted on Burner. 

PETRO MODEL W BURNER is avail- 
able in two types: (1) Direct -Driven, 
which includes electric motor, fan, pump, 
rotary cup atomizer in one self-contained 
assembly, together with air and oil con- 
trols, (2) Belt-Driven, containing the 
same assembly as above except that the 
integral motor is replaced by motor 
mounted outside burner housing and 
arranged for belt drive. Removable 
rotary cup and nozzle permit changing 
shape of name to suit any boiler furnace 
requirements. 

Interlocking air and oil control mecha- 
nism permits any minimum or maximum 
operation required within the burner’s 
range of operation. Counter-flow Angu- 
lar Air Vanes at nozzle increase air and 
oil turbulence and aid efficient combus- 
tion of heavy fuel oils. 

Special oil adjustment valve meters oil 
to rotary cup, yet permits manual opera- 
tion without disturbing permanent 
burner adjustment. 


Model WO-A Belt 
Driven, Rotary Cup 
Type Oil Burner. 



Send Jot catalog of Petro Commercial and Industrial Oil Burners 
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1 to 1000 BoUer hp Type 
AO. Manual, Semi-Au- 
tomatic. 



Type ARJP, Fully Au~ 
tomatu. for heavy oU 
where gae for ignition not 
available. 



Fully Aulomattc Type 
AR-lS4,for No.Soa 




Combination Oil and 
High Pressure Oaa, Type 
AR-HN. 




Quad-Naught fw US oU, Steam Turbine Drive, Two, 6 oven, fully aubt- 

manual operation. Type TO, all grades oil. matic oil Ranges. 

Test^ and approved for 
U. S. Navy Service. 

RAY HORIZONTAL ROTARY OIL BURNERS 

Built in fully automatic, semi-automatic and manual types; 
in sizes from 1 to KX^ Boiler hp; to burn all grades of fuel oil. 

Standard models include both direct and belt drives — the 
latter being recommended for use where other than 50 or 60 
Cycles AC, or only DC is available. Types for straight elec- 
tric or straight gas ignition; pump or gravity feeds. Direct 
drive types include a steam turbine driven model. 

All fully automatic types for heavy oil incorporate the Ray 
Dual Pump and Reservoir, with the Ray VISCOSITY Valve, 
a patented, exclusive feature which automatically meters the 
correct amount of fuel at all times, regardless of changes in 
viscosity of the oil due to temperature variations. All larger 
sizes employ dual ignition, for maximum reliability. 

RAY PRESSURE ATOMIZING OIL BURNERS 

Fully automatic, for No. 3 oil or lighter. AC or DC; capaci- 
ties to 18 gal/hr. 

RAY INDUSTRIAL GAS BURNERS 

For gas pressures above 1 Ib/sq in. may be used alone or in 
combination with a Ray Oil Burner. Built in eleven sizes; in 
capacities to 43,000,000 Btu/hr. 

RAY WINTER AIR CONDITIONING UNITS 

Built in four sizes, with input capacities of 105,000, 140,000, 
230,000, 350,000, 450,000 Btu. 

RAY OIL WATER HEATERS 

Two sizes. Capacities: 45 and 75 gal. Maximum recover 
rates: 154 and 240 gph. 

RAY OIL FIRED RANGES 

Available in seven sizes for manual or fully automatic 
operation. 





00 
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^ Air Conditioning Unit 


Ray Oil Burner Co. 


401-499 Bernal Avenue 

San Francisco 12, Cal. 


Since 1872 

^ Atlantic Seaboard Division 
629 Grove Street 
Jersey City 2, N. J. 
There is a RAY Burner for every Heating Purpose. 


RAY COMBINATION OIL-GAS BURNER 

Type ARC-131 


Burns any grade of gas or 
heavy fuel oil and the opera- 
tion is fully automatic for 
either fuel. Prevention 
against ignition or flame 
failure one hundred per cent 
electronically controlled. 
Develops from 7 to 335 
Boiler hp. Quickly inter- 
changeable in two to three 
minutes. Other types with 
choice of direct or belt drive, 
also sizes rated from 120 to 
1000 Boiler hp. 


HOURLY CAPACITY RATINGS of RAY OIL BURNERS 


Burner 

Size 


Oil Capacity 

Equivalent 

lilqui valent 

Lbs. Steam 
Generated 

Heat Capacity 

Equivalent Sq. Ft. 

■S • 
oS 

U. S. Gallons 

Boiler HP 

Input Thou. Btu 

Steam Radiation 



Min^ 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

JP 

i 

1 

3 

3 

9 

no 

325 

140 

420 

438 

1310 

XPJ 


1 

4 

3 

12 

no 

430 

140 

560 

438 

1750 

XPJ-1 

1 

3 

8 

9 

25 

325 

865 

420 

1120 

1310 

3500 

XP-2 

i 

8 

18 

25 

56 

865 

1950 

1120 

2500 

3500 

7900 

0000 

II 

0.5 

2.6 

2 

8 

60 

290 

76 

375 

234 

1170 

000 

0.5 

2.5 

2 

8 

60 

290 

76 

375 

234 

1170 

00 

■1 

1 

2.5 

3 

8 

no 

290 

150 

375 

469 

1170 

0 


2 

5 

7 

16 

230 

580 

300 

750 

938 

2350 

1 

4 

4 

11 

13 

35 


1250 



■mgi 

5170 

2 

i 

5 

15 

17 



1720 




7030 

3 

1 

8 


27 





3000 

3750 

9380 

6 

1 


33 

35 



3800 



4690 

15500 

6 

14 

12 



165 


5800 



5620 

23400 

7 

2 

15 

67 


225 

1720 

7750 




31400 

8 

3 

25 


85 

335 


11500 

3750 




9 

6 

35 

150 

120 



17400 



— 










24400 



— 

— 

12 

JL 

75 








— 

— 


NOTE; These ratings are predicated upon specific conditions of draft and furnace volume. It may be per- 
missible, under desirable conditions, to operate at higher rates, or advisable under restricted condi- 
tions, to operate at reduced rates. 

Heating capacities are based upon 180,000 Btu per gal of oil for rotary burners and 140,000 Btu per 
gal of oil for pressure atomising burners and upon an overall boiler efficiency of 76 per cent. 
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Williams Oil-O-Matic Division 

WILLIAMS On@iC PRODUCTS 

EUREKA WILLIAMS CORPORATION, BLOOMINGTON, ILLINOIS 
Manufacturers of Automatic and Manually Controlled Fuel Oil Burners 


OIL BURNERS 

Williams Oil-O-Matic Lo-Pressure 
burners are offered in 4 sizes ranging in 
capacity from J to 7 gal of fuel oil per 
operating hour. Easily installed in anv 
type heating plant. Patented Thrift 
Meter pre-meters oil to exactly meet 
heating plant needs. Wide, non -clogging 
orifice handles even the heaviest oils. 


Williams Hi -Pres- 
sure precision -built 
burners are available 
for those who want 
high quality at mini- 
mum cost. 3 sizes with 
capacities from 1.00 to 
7 gph. 

How to Decide Size of Burner 

For low pressure domestic boilers, 1 
gal of fuel oil per hour (140,000 Btu) is 
required for approximately 300 sq ft of 
steam radiation or its equivalent, or for 
480 sq ft of hot water radiation or its 
equivalent. 70,000 Btu when using warm 
air furnace ratings. 24 sq ft steam boiler 
heating surface (or 2.2 hp). For exact 
data^ see Oil-O-Matic Installation and 
Service Manual. 


Oil-O-Matic Lo-Pressure Burners 
Leg or Flange Mt. 


Model 

Oil Capacity 

Motor 

~Atom. 

Pressure 

Min. 

Max. 

Hp 

Rpm 

K-150 

.50 

1.50 

% 

1800 

2 lbs 

K-S 

1.00 

3.00 

VTo 

1800 

2 lbs 

K-4.5 

1.36 

4.5 

1 

1800 

2| lbs 

K-7 

4.00 

7.00 1 

i 

1800 

3 lbs 




New WINTER AIR CONDITIONERS 

Eye-catching 
beauty, superla- 
tive styling by 
George Walker in 
complete units — 
engineered from 
the inside out to 
take full advan- 
tage of the famous 
Low Pressure Prin- 
ciple. Capacities 
of units 70,000; 
100, 0(K); and 150,000 Btu^s. Smallest 
size (Model 70) completely packaged unit 
only 58 in. 1. 22 in. w. 45 in. h. (Fits most 
utility rooms). 



Oil-O-Matic Winter Air Conditioners 


Model 

Btu at 1 
Bonnetj 

c.p.m: 

(a) W 
S.P. 

ICl.P.U 

Blower 

Motor 

10.\ 

100,000, 
150, 000 1 

1300 “ 

1.00 

1000 

\ hl> 

15A 

1800 

1.50 

1920 

1 hp 

70 1 

1 70,0001 

900 

1 .65 1 600 

._ihp _ 


OIL-O-MATIC 

LOW PRESSURE PRINCIPLE 

• Oil-O-Matic has a two -source air supply 
instead of only one as in the ordinary or 
high pressure burner. A marked aid in 
achieving clean, complete combustion. 

• The Low Pressure Principle p(*rmits 
use of a large, non -clog nozzle opening 
(instead of th(^ pin-point nozzle ojMUiing 
in ordinary or high pressure burners). 

• Combination of the Low Pressure Prin- 
ciple and a unique Thrift Meter which 
permits accurate oil measurmnent give 
Oil-O-Matic top efficiency even at low 
firing rates. 

• In independent laboratory test Oil-O- 
Matic has burned a 100% catalytically 
cracked oil with the same case and effi- 
ciency as a No. 1 oiL 


Williams Hi-Pressure Burners 
Leg or Flange Mt. 


HP-i 

1.00 

1.60 


1725 

100 lbs 

HP-3A 

1.36 

3.00 

1725 

100 lbs 

HP.7 

3.50 

7.00 

JL. 

1800 

100 lbs 


New Oil-O-Matic Boilers 

New Oil-O-Matic Products will be 
announced in APRIL 1949 — Write 
in now for special information. 
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The Kent Company, Inc. 

433 Canal St., Rome, N. Y. 

Representatives in Principal Cities 


KENT DOUBLE SUCTION FURNACE AND BOILER 

CLEANER 

OUTSTANDING FEATURES 

Kent provides powerful double suction wdth two fans powered by a i hp motor. 
The vertical design separates dust, soot and scale from air by gravity. Permits use 
of double dust bag. Fans fully protected — no damp soot can cake Kent fans. Dust 
bag fully enclosed in metal tank. May be quickly emptied by removing cover from 
metal tank and taking double dust bag out. 


SPECIFICATIONS 


Weight of Suction Unit 39 lbs. 
Weight of Dirt Can 24 lbs. 
Total weight 63 lbs. 


Diameter of Dirt Can 14 inches. 
Capacity of Dust Bag 1200 cubic inches. 
Air volume 200 cu ft per minute. 


Water vacuum 43 inches. 

Shipping w^eight 116 lbs. 
i hp Westinghouse Universal Motor. 

EASY TO CARRY 

Kent is strong— yet light— 

('asy to handle. 

GUARANTEE 

Kent products are always 
guaranteed against defec- 
tive materials and w'ork- 
manship for a period of one 
year. 




BuUt to latt 
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The Vinco Company, Inc. 

305 East 45th Street New York 17, N. Y. 


Only a clean boiler can he an efficient boiler. A clean boiler means saving fuel, 
as well as safeguarding boiler metal. 



^ROIESYDg, 


Boiler Cleaner 
S and 6 lb. earn 


A positively hannless insoluble powder cleaner for new, remodeled 
and old heating systems. A tmique, scientifically processed com- 
pound on a special formula not to be confused witii other powder 
boiler cleaners. 


What Vinco Boiler Cleaner Does 

Vinco removes oil, grease, scale, rust and dirt from the internal 
surfaces and from the boiler water without the labor, expense, and 
uncertain results of blowing boilers over the top or of wasting returns. 

By this thorough cleaning Vinco prevents or cures foaming, 
priming, surging, and slow steaming. 

How Vinco Boiler Cleaner Works 

Each minute grain of Vinco powder adsorbs several times its 
own vreight of oil, grease, rust and dirt. These larger grains of 
adsorbed impurities then settle and arc drained through the 
bottom according to directions on each can. 


Vinco Guarantees 

1. Vinco contains no potash, lye, soda of any kind, oil, acid, or 
other harmful ingredients. 

2. Purchase price is refunded if results arc not as claimed when 
Vinco has been used according to directions. 


VINCO RUST PREVENTER 

When used after Vinco Boiler Cleaner has removed oil, grease, 
rust, scale and dirt, it will add and keep the rust inhibiting factors 
at the optimal constant for a year or more. 
(Test kit below has complete instructions 
and chart.) 


VINCO FIELD TEST KIT No. 10 
for Testing and Treating Heating Boiler Waters 

The kit enables the layman to make simple, rapid tests to 
diagnose and prescribe correct treatment of boiler waters 
right on the job. 

A new time saving method that permits valid conclusions 
heretofore requiring complicated and often lengthy labora- 
tory analysis and technique. 

Each kit has sufficient material for complete tests on 100 
jobs. 

Refills cost about 2 cents for testing each job. 



Vinco Fidd 7'eet Kit No. 



Ruet Preventer 
1 qt. cans only 
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SPECIFICATIONS FOR COMPLETE VINCO TREATMENT OF NEW 
OR REMODELED STEAM, VAPOR, OR HOT WATER SYSTEMS 


Do not use as a cleaning agent soda or 
any alkali, vinegar or any acid. Use* 
Vinco. 

1. AFTER THE SYSTEM IS TESTED 
AND TIGHT, USE THE PROPER 
QUANTITY OF VINCO LISTED. 

After this first clean-out of any new or 
remodeled heating system^ Vinco Boiler 
Cleaner need he used only if more piping , 
radiation f or another boiler is added to the 
original installation ^ or if the system is 
fouled by unwise cleaning or leak-sealing 
experiments. 

2. After using Vinco Boiler Cleaner, 
Vinco Field Test Kit should be used to 
determine and apply the proper quantity 
of Vinco Rust Preventer. Vinco Rust 
Preventer should be applied annually or 
whenever the boiler water is drained for 
necessary repairs to the system. 

SPECIFICATION FOR OLD 
HEATING SYSTEMS THAT DO NOT 
PERFORM PROPERLY 

Diagnose and treat according to Vinco 
Field Test Kit. If a test kit is not avail- 
able, consult table of quantities on this 
page and follow directions on Vinco cans. 

SPECIFICATION FOR 
HOT WATER SYSTEMS 

Use half quantities listed for treatment 
of steam systems to remove impurities. 
Then use test kit to determine proper 
quantity of Vinco Rust Preventer, 

VINCO SOOT-OFF 


CONSULT THIS TABLE FOR NEW AND 
REMODELED HEATING SYSTEMS AND 
When a Vinco .Field Teat Kit No. 10 is not 
available if cleaning old heating systems. 
QUANTITIES OF VINCO (IN POUNDS) RE- 
QUIRED FOR HEATING SYSTEMS 
(Note that quantities are based on actual in- 
stalled radiation, not on boiler capacity.) 



Sq Ft of Radiation 

For Steam or 
Vapor Systems, 
to prevent or 
cure priming 
or foaming. 
Also for Hot 
Water Heating 
Systems Main- 
tained at ap- 
prox. 200 F 
or above. 

Annually, to 
remove rust 
scale, dirt and 
for Hot Water 
Systems below 
200 F. 

up to 

360 

3 


351 “ 

600 

5 

2H 

601 “ 

1100 

8 

4 

1101 “ 

1400 

10 

5 

1401 “ 

1800 

13 

m 

1801 “ 

2100 

15 


2101 “ 

2700 ... 

18 

9 

2701 “ 

3100 . ... 

20 

10 

3101 “ 

3700 . ... 

23 

IIH 

3701 “ 

4200 .. 

26 

13 

4201 “ 

4600 ... 

28 

14 

4601 “ 

5000 . .. 

30 

15 

6001 •* 

5300 .. 

31 

WA 

5301 “ 

5600 ... 

32 

16 

6601 “ 

5900 .... 

33 

16.^ 

5901 “ 

6200 ... 

34 

17 

6201 “ 

6600 .. 

35 

17H 

6501 “ 

6800 

36 

18 

6801 “ 

7100 

37 

m 

7101 “ 

7400 . 

38 

19 

7401 “ 

7700 

39 

m 

7701 “ 

8000 . . 

40 

20 

8001 “ 

8300 

41 

20H 

8301 “ 

8600 

42 

21 

8601 “ 

8900 

43 

21H 

8901 “ 

9200 

1 44 

22 

9201 “ 

9500 

45 

! 22A 

9501 “ 

9800 .. 

i 

23 

9801 “ 

10100* . . 

47 

1 23^i 


Sotd-Off—l lb. cans 
60 and 100 lb. drums 


Sftfelv Rnd ihnrniio-hlv •Above 10100 sq ft. use an additional pound Vinco 
i bo additional 300 eq ft of actual installed radia- 

removes the insulating 
blanket of soot on fire 

pot, flues and chimney. It also insures against external corrosion 
(caused by dampness and soot forming sulfuric acid during summer 
layoff.) No dangerous chemicals. 

REMOVE SOOT WITH VINCO SOOT -OFF SEVERAL 
TIMES A YEAR OSb 


VINCO SUPERFINE LIQUID BOILER SEAL 

A different liquid seal. Unique in that it does not induce prim- 
ing and foaming. It has no unpleasant smell. Makes lasting 
repairs of boiler and heating system leaks. Fine to tighten up 
new jobs. Directions simple. 

Quantities 

Steam and Vapor Systems — Use 1 quart Vinco Liquid Boiler 
Seal to each 6 sq ft grate area. ' 

Hot Water Systems—Use 2 quarts Vinco Liquid Boiler Seal 
to each 6 sq ft grate area. 







Liquid Boihr Seal 
1 qt. eane only 
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McDonnell & Miller, Inc. 

Safety Devices for Steam and Hot Water Boilers and Liquid Level Controls 
General officee: Wrigley Building, Chicago 11, Illinois 


- waff* 


McDonnell Combined Boiler Water Feeder and Low Water Cut-ofi 



McDonnell No. 4.7~Z for heating boUere under SOOO eq McDonnell No. BUZ far healing boUera over 6000 aq ft 
ft capacity. Maximum ateam preaaure, £6 Iba. capacity. Maximum ateam preaaure, 36 Iba. 


McDonnell NOe 47-2, shown installed ’ 
above, maintains a safe water level in 
boiler by feeding water whenever neces- 
sary. If emergencies such as priming 
or foaming permit water to fall to i in. 
in gauge glass, cut-off switch cuts cur- 
rent to burner until emergency has 
passed. Has ‘‘Quick-Hook -Up” feir fast , 
accurate installation right in gauge glass 
tappings; “cool” feed valve; extra-deep 
sediment chamber; .4<SMj&-approved 
blow-off valve. Also available for hand 
fired boilers without No. 2 switch, as 
No. 47 Feeder. 


McDonnell No. 51-2, shown installetl 
above, is same as No. 47-2 described at 
left, except it has greater feeding capac- 
ity for larger boilers, and is installed 
with 1 in. equalizing pipes instead of 
“Quick-Hook-Up.” Also available for 
hand fired boilers without No. 2 switch, 
as No. 61 Feeder. 

For boilers operating at higher pnjssures, 
from 35 to 75 lbs, use McDonnell No. 53-2 
(or No. 53, without switch.) 


McDonnell No. 67 Low Water Cut-off 
For automatically fired steam boilers of any size 
Maximum steam pressure, 20 lbs. 



Has the McDonnell “Quick-Hook -Up” for quick, easy and 
trouble-proof installation in gauge glass tappings; deep 
sediment chamber with large quick-opening blow-off; 
packless, non-binding construction; adjustable terminal 
box to make wdring neat and easy; dependable snap-action 
twin switches. One switch can be used to sound low 
water alarm, or control McDonnell No. 101 Electric Water 
Feeder described below. Second switcli cuts current to 
burner if water level drops to i in. in gauge glass. 


McDonnell No. 101 Electric Boiler Water Feeder 
For boilers up to 5000 sq ft capacity 
For use with No. 67 Low Water Cut-off or with McDonnell “built- 
in” Low Water Cut-offs which arc standard equipment on many 
modern heating boilers. It converts the cut-off into a feeder cut- 
off combination as described at top of this page. 



1294 





McDonnell A Mitter, Inc. 


Heating Systenu • 


np 

For boilers of any size ; mazimtun steam pressure, 150 lbs 

No. 150 is designed and 
built, down to the last 
detail, to stand the gafT 
of high prcissure 
and tempera- 


ture. Equipped 
with t w o 

switehes. One 
closes on small 
float drop to 
control electric 
electric valve in 



No. ISO 


boiler feed pump, or 
line to steam pump. 
Second operates on greatcir drop to stop 
burner and complete h)w water alarm 
circuit. Underwriters^ Laboratories ap- 
proved. No. 150 has automatic reset; 
for manual reset order No. 150-M. 

No. 157 is 
same as 

150, but in a^” ^ 
new form for 
boilers with 
separate wa- 
ter columns. , , 

(Jreatlv sirn- 
plifie's in- y 
stall ation, 
assures ideal 
reproduc- 
tion of boiler water level in float cham- 
ber, provides effective direct blow-down. 
No. 157 has automatic reset ; for manual 
reset order No. 157-M. 


A typical hook-up of the McDonnell No. 
157, controlling an electric pump and 
providing lovf water cut-off, is shown 
below. When water level drops j in. 
below normal, No. 157 starts pump and 
then stops it when normal water line 
has been restored. If emergency occurs 
and water level falls to arrow mark on 
body of control, cut-off switch stops 
burner. If steam pump is used, No. 157 
is wired to control electric valve in 
steam line to pump. Note that McDon- 
nell No. 251 -S Feeder is used to supply 
make-up water to the pump receiver. 



No. 157 



Drawings available covering the use of 
th(»8e controls on two or more boilers 
supplied by a common feed pump. 

McDonnell No. 29 Safety Relief Valve and No. 247 Feeder 
For Hot Water Heating Systems with Boiler and Radiation on same level. 


The drawing below illustrates how the McDonnell 
No. 29 and No. 247 team up to provide good oper- 
ation as well as protection for heating systems 
of this sort. The No. 247 float-operated feeder 
maintains the proper level above the high point in 
the supply main, eliminating the chance of separa- 
tion of the water 
and loss of con- 
nected load. The 
No. 29 Btu rated 
safety relief valve 
(see table) protects 
the boiler against 
excessive pressure 
when matched to 
the gross Btu out- 
put of the boiler. 



For Hot Water Heating Boilers 


Valve 

No, 

Oi)en- 

i 

sure 

Inlet 
Pil>e 1 
Size 

Outlet 

Pipe 

Size 

Btu. 

Output 

29 

129 

29 lbs. 
29 11)8^ 

1 in. 

\H in. 

H in. 

1 in. 

177.000 

289.000 



McDonnell Safety Relief Valves for Domestic Hot Water Tanks and Heaters 


Revolutionary “snap-action” pro- 
vides such rapid heat dissipation the 
McDonnell No. 29 Series arc rated, 
and i4<S/l/^-certified in Btu capacity. 
Matched to gross Btu of heater or 
tank, these safety relief valves pre- 
vent excess pressure under all condi- 
tions. 


Valve 

No. 

Opening ^ 
Pressure 

For use 
on supply 
pressure 
up to 

Inlet 

Pipe 

Size 

Out- 

put 

ripe 

Size_ 

Btu 

Output 

229 

329 

429 

76 tbs 
100 lbs 
160 lbs 

60 lbs 

76 lbs 
100 lbs 

1 in. 

1 in. 

1 in. 

H in. 

“186^ 

189,000 

220,600 
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Bell and Gossett Company 

Morton Grove, niinois 

HYDRO-FLO HOT WATER SYSTEMS AND SPECIALTIES 


B & G Booster Pumps 



The B & G Booster is the basic unit of 
a B & G Hydro-Flo Forced Hot Water 
Heating System. It is built as a horizon- 
tally driven unit for sound engineering 
reasons which have demonstrated their 
practical value in the thousands of in- 
stallations now in operation. This con- 
struction makes possible many desirable 
and exclusive features. 

For example, the patented water-tight 
Seal eliminates the need for a stuffing 
box. 


This Seal positively prevents entry of 
water into the bearings. The shaft is of 
highly polished, hardened machine steel 
and the close-fitted Impeller makes every 
revolution count by holding water slip- 
page to a minimum. 

B & G Boosters have a genuine oil- 
circulating lubrication system — one of 
the greatest reasons for the quiet, de- 
pendable and economical operation of 
this pump. Oil is drawn up from the oil 
well by wool fi- 
bre wicking and 
dropped on the 
horizontal bear- 
ing surfaces. 

Medium grade 
motor oil is used I 
and only a few 
drops at inf re- ' 
quent intervals 
required. 

Oil Lvbricated 
Bearings 





III 

. i 

\ / ^ 

if..-. 


■ .. i 



B & G Universal Pumps 
The B & G Universal Pump is designed for 
large forced hot water heating systems in 
apartment buildings, office buildings, fac- 
tories, schools, etc. The installation can be 
operated as a large single zone or divided 
into several zones in which circulation of the 
pumped water in each circuit is controlled 
by a B & G Motorized Valve, operated by a 
zone thermostat. 





B & G Angle Flo-Control 
< « Valves 

This valve, installed in the 
main, shuts off circulation to 
radiators when heat is not 
needed, permitting summer 
operation of a B & G Indi- 
rect Water Heater. It also 
helps maintain a uniform 
room temperature during 
the heating season. 


B&G 
Motorized 
Valves ► 

Thermostatic- 
ally operated 
valves used for 
controlling boiler water flow 
through the individual circuits 
of zoned heating systems. 



B & G Monoflo Fittings 

B & G Monofio Fittings permit the use of a single pipe main in- 
stead of the conventional flow and return lines. They are installed 
at the junction of the radiator risers to the single main and assure 
the diversion of the proper amount of heated water into each radia- 
tor. Savings in space, labor and materials are obviously effected. 
Available in cast-iron and copper. 


SEE THE B & G HANDBOOK FOR COMPLETE DESIGNING DATA 
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Bett and Cosset Con^any 


Heating Systems • 


HOT WATER SYSTEMS AND SPECIALTIES 



B & G Relief Valves 

For relieving excess 
boiler pressures in hot 
water heating systems, 
and in the lines of service 
water systems. B & G 
Relief Valves have the 
design features which as- 
sure dependable service. 


B & G Reducing Valves 

Fast operating valves 
for keeping Jiot water 
heating systems properly 
filled. Easily adjusted to 
meet varying building 
heights. Also high pres- 
sure reducing valves for 
protection of plumbing 
fixtures. 




BAG Type *‘CWU*' Radiation Heater 

The B & G Radiation Heater is a “shell and 
tube** heat exchanger and is installed below the 
water line of a steam boiler. Hot boiler water is 
pumped by a B A G Booster through the shell, 
thereby heating the water for the heating system, 
which is pumped through the tubes of the Heater. 

Pumping the water through both the heater and 
the heating system not only affords excellent tem- 
perature control, but also permits the use of much 
smaller pipe and fittings. 



BAG Type “SU** 
Instantaneous Water Heaters 

For heating water with steam. Ideal 
for industrial plants or wherever large 
volumes of hot water are required con- 
tinuously for service water supply or pro- 
cess work. No storage tank required — 
the large heat transfer surface in these 
units heats water instantly as needed. 
Available in a wide range of capacities. 



BAG Centrifugal Pumps 

Design and construction based 
on years of experience in the indus- 
trial field . Rugged , compact units 
— built to stand up under the 
strain of continuous operation. 
Available with semi -open or en- 
closed impellers — motors flexible 
coupled or integral with pump. 
Send for Catalog. 


BAG Indirect Water Heaters 

Any steam, vapor or hot water heating 
boiler can be equipped with a B A G In- 
direct Water Heater. With the proper 
electrical controls, the Heater will fur- 
nish an ample supply of hot water, winter 
and summery at very low operating cost. 
Heater must be used with a storage tank 
of suitable capacity. 

■ BAG Refrigeration Components 

A very flexible line of direct expansion 
evaporators, condensers, liquid receiv- 
ers, combination liquid receivers and 
subcoolers for refrigeration purposes are 
now available. Special alloys may be 
incorporated in the units for those 
critical heat transfer applications. 
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Pan-L Heat Corporation 


Manufacturers of 


iPAN-L’GmO= 


for Radiant Heating 


2838 N.E. Columbia Blvd., Portland 11, Oregon 

Available through Plumbing and Heating Supply 
Houses throughout the 11 Western States 



Pan-L Grids are units manufactured 
for radiant panel heating in sizes to fit 
building construction. They are in- 
stalled within the walls, ceilings or floors 
during construction. There are no 
grilles, radiators or registers. Truly, 
Pan-L Grids provide “magic” heat. 

Unlike other panel heating equipment 
which must be bent while installing, each 
Pan-L Grid is precisely designed and 
delivered to the job complete. This 
enables the installer to determine ac- 
curately the flow of water and the size of 


Grid Size 

Nominal 

Length 

Overall 

Length 

AxV 

r-if 

r-4r 

ZxV 


v-4r 

4x6' 

6'-0^ 

6'-4' 

4 X 10' X ; 

lO'-O*' 

lO'-^" 

4 X 10' X 1 

io'-(r 

lO'^-' 


pipe required to insure a completely 
satisfactory heating system. 

Pan-L Grids can and are being used in 
conjunction with hot water heating 
plants using cast iron radiators, convec- 
tors, unit heaters and ventilating sys- 
tems. 

Any engineer operating in the 11 
western states will be sent, upon rcqu<;st, 
a copy of Pan-L Grid Design Manual. 
This valuable book contains all the in- 
formation required for the design and 
application of Pan-L Grid installations. 

Overall I Overall j Shipping 

Width Thickness 1 Weights 


28 lb 10 oz 
201b Ooz 

y-lH" 0 -W 24 lb 11 oz 

2'-2^ 0'-15i»'' 43 lb 10 oz 

60 lb 13 oi 
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Taco Heaters, Incorporated 

342 Madison Avenife, New York 17, N. Y. 

Taco Heaters of Canada, Ltd., 24 Adelaide St., W., Toronto 


is a storage or tankless, Biltin or external , type Taco indirect water Heater 
. for every job. 

Biltin Taco Heaters, which are standard equipment on leading heating boilers, are 
catalogued only in the boiler catalogs. For additional information on Biltin Tacos 
write boiler manufacturer or Taco. 

Complete catalog information on external Taco Heaters is also available for home, 
apartment house, hotel and housing projects. 



Domenlic Tctcos 




Tankless Taco Nos. if, i^, /5, J8 and £5 


Mvltx-coH 

Taco 



“Taco-One” Venturi System 

A forced circulating warm heating system using a single 
pipe main from boiler to radiators and back again. Small 
pipes and one pipe main make a neater job, reduce installa- 
tion costs. Radiators can be placed above and below main. 

85 per cent of residential jobs need only one circuit which 
requires no balancing valves. This revolutionary heating 
system is made possible by the Taco Venturi Fitting and 
remarkable Taco Hy-Duty Circulator. 

Taco Venturi Fitting— Acts as a suction pump in which the only moving part is 
water. Water does the 
trick by producing a 
vacuum pull that dra^\13 
water through each radia- 
tor, giving positive uni- 
form circulation. 



Taco Venturi Fitting 
{Cross Section) 
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H. A. Thrush & Company 

Peru, Lidiana 

Representatiyes in Principal Cities 


FORCED CIRCULATING THRUSH FLOW 
CONTROL SYSTEM OF HOT WATER HEATING 
AND HEATING SPECIALTIES 



Flexible, economical of fuel, forced circulating Thrush 
Summer- Winter System of Hot Water Heat is the most 
satisfactory way to heat buildings. Thrush Systems, 
Water Circulators, Water Heaters, Pressure Relief and 
Pressure Reducing Valves and other fuel -saving heating 
specialties are available. Write today for information or 
engineering assistance. 

THRUSH WATER 
CIRCULATORS 

Five sizes, 1 in., in., 1}^ 
in., 2 in. and 3 in., for forced 
circulation in Hot Water 
Heating and Domestic Wa- 
ter Systems. Save fuel, in- 
sure uniform heating. 



Fateni No8. g, 064,009, g,lll,44U 
g, 137, 791, g,g07,18S, g,g07,g08, 
g,g67,867, g,366,48g, g, 368,670 


THRUSH PLOW 
CONTROL VALVES 

For use with Thrush 
Water Circulators 

This patented 
valve prevents cir- 
culation when not 
required. Six 
sizes, 1 in., in.. 


Patent Reieaue No. 19,873 


and 3 in. Work 
automatically by 
pressure head, gen- 
erated by Thrush 
Circulator. 




THRUSH LOW 
PRESSURE WATER 
RELIEF VALVES 


Protect heating 
boilers from excess 
pressures . M ade 

in angle or straight 
types, of iron or 
brass, sizes in., 
in. and 1 in. 
Unfailing depend- 
ability nas been 
proved by over a 
quarter of a cen- 
tury of successful 
operation. 


THRUSH PRESSURE REDUCING 
VALVES 

Types for High and Low Pressures 

Sizes, Yz in., % in. and 1 in. Low 
pressure reducing valves to re- 
duce pressure of water entering 
heating system and maintain wa- 
ter supply in system automati- 
cally. High pressure reducing 
valves for protecting house 
plumbing and heating equipment 
from excessive city line pressures. 


THRUSH AIR-TIGHT 
PRESSURE TANKS 

An essential part of 
every hot water heat- 
ing system. Con- 
serves water and fuel, 
because the heated 
water expands into 
the Thrush Pressure 
Tank and returns to 
the system as it cools. 
Adds to the continued 
operating efficiency of 
the heating system 
over a long period of 
time. 


Number 4 JUuatratei 
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THRUSH HIGH PRESSURE 
WATER RELIEF VALVES 

Protect water supply or 
range boilers and gas or 
electric water heaters 
from excess pressure 
and temperature (some 
types) . Made in angle or 
straight types, of iron or 
brass, sizes, in., % in. 
and 1 in., for pressure 
relief only or combina- 
tion pressure and tem- 
perature relief. 



THRUSH WATER HEATERS 

Highly efficient heat exchangers or con- 
verters. Sixteen sizes, for Hot Water or 
Steam. Pressure up to 1*50 lb water, 75 
lb steam. Straight tubes readily clean- 
able. Provide Domestic Hot Water at 
low cost. Also used industrially for 
heating or cooling liquids. 

THRUSH SUPPLY 
TEES FOR ONE 
PIPE SYSTEMS 
NON-ADJUST- 
ABLE 

Assur(» positive 
diversion to ra- 
diators. Cast 
iron sizes, 1 in., 
in,, V/i in. 
and 2 in., with 
branch outlets of H in., % in. or 1 in. 
Only one Supply Tee required for each 
up-feed radiator. 

THRUSH ADJUSTABLE SUPPLY TEE 
FOR ONE PIPE SYSTEMS 

Balances flow of w^ater through each radi- 
ator, resulting in uniform heating. When 
branch flow is cut down, main flow is in- 
creased not re- 
tarded. Easily 
adjusted. Sizes 
in cast iron, 1 
in., \\i in., 
in., and 2 in., 
w’ith branch 
outlets of 
in., ^ in., and 
1 in. 



THRUSH DUAL CONTROL UNITS 


Provide automatic pressure relief, reduce 
line pressure, automatically fill and 
maintain water supply in hot water heat- 
ing system. Built-in strainer. Made in 
four types, brass or cast iron, 3^ in. or 
^ in. 


No. 201 THRUSH RADIANT 
HEAT CONTROL 



No. m No. SOI 


Automatically maintains room tempera- 
ture w'ithin a fraction of a degree. Con- 
trols both room and water temperature 
in the radiators, compensating to pre- 
vent variation in room temperature or a 
lack of radiant heat. Requires No. 200 
Thrush Relay Transformer for low 
voltage. 

THRUSH BRONZE SUPPLY TEES 
FOR COPPER ONE-PIPE SYSTEMS 
Adjustable and Nonadjustabie 

Bronze Supply Tecs are available in both 
Adjustable and Nonadjustabie types for 
copper piping. Have solder connections. 
Made in four sizes, in., 1 in., 1J4 in., 
and 1}^ in., all with 
J /2 in. branch out- 
lets. Adjustable 
Bronze Tee illus- 
trated . N onad jus- 
table Bronze Tee 
similar to cast iron 
Tee at left above. 






WRITE FOR COMPLETE CATALOG 
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American Hydrotherm Corp. 

216 East 27th Street, New York 16, N. Y. 
HYDROTHERM 

HIGH TEMPERATURE FLUID HEATING UP TO 1200 F 


The Hydrotherm high-temperature heating system makes use of liquid under pres- 
sure as the heat transfer medium. This liquid may be either water or chemical and 
is circulated in an absolutely closed system. A boiler or heat exchanger is used to 
heat or cool the fluid. 

Small investment, low repair and maintenance costs and large fuel savings are 
among the system^s many advantages. The large temperature drop between 
flow and return permit very small piping. Uniform, close tolerance temperature 
control and long distance heat distribution are also important features. Circulating 
pump power requirements are generally less than those for the boiler fe(id pumps in 
an equivalent steam system. The heat accumulation capacity of the system permits 
the use of reduced boiler size. 

Typical Schematic Flow Chart for Hydrotherm System 
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Buffalo Pumps, Inc. 

450 Broadv^ay, Buffalo, N. Y. 

Manufacturers of a Complete Line of Centrifugal Pumps, Single and Double Suction, 
Single and Multistage, For All Types of Heating and Air Conditioning Installations*^ 
Write Us For Engineering Bulletins on Your Problem, or Contact Your Nearest En- 
gineering Representative : 


REPRESENTATIVES : 

ALBANY 7. N. Y., R. B. Taylor, 066 Broadway; ATLANTA.QA., J. J. O’Shea. 305 Techwood Dr.. NW; 
BALTIMORE LMD., C. A. Conklin III, 1014 Cathedral St.; BOSTON 76, MASS., E. D. Johnson, 607 Main 
Street. Melrose Station; CHICAGO 6, ILL., Emmert & Trumbo, 20 N. Wacker Drive; CINCINNATI 2, 
OHIO, F. W. Twombly, 626 Broadway; CLEVELAND IS, OHIO, Weager & Sherman, 518 Rockefeller Bldg.; 
DALLAS J, TEXAS, Mr. T. H. Anspacher, Mgr.. 1801 Tower Petroleum Bldg.; DAVENPORT, IOWA, 
D. C. Murphy Co., 305 Security Bldg ; DENVER 17, COLO., Stearns-Roger Mfg. Co., 1720 Calif. St.; DES 
MOINES 14, IOWA, D. C. Murphy Co., 840 Fifth Avenue; DETROIT 16, MICH., Coon-DeVisser Co.. 2061 
W. Lafayette Blvd.; EL PASO, TEXAS, Stearns Roger Mfg. Co., P. 0. Box 38; GREENVILLE, S. C., Roy 
A. Stipp, 222 N. Main St.; HOUSTON S, TEXAS. D. M. Robinson. 407 Scanion Bldg.; INDIANAPOLIS 
4, IND., S. E. Fenstermaker & Co., 937 Architects & Builders Bldg.; XAVSAS CITY 6, MO., W. K. Dyer, 
1808 Federal Res. Bank Bldg.; LOS ANGELES 13, CALIF., Frank Halladay, 804 Pershing Sq. Bldg.; LO VIS- 
VILLE g, KENTUCKY, H. M. Lutes. 633 South Fifth Street; MEMPtilS, TENN., Humphrey-Wynne 
Co., 713 Sterick Bldg.; MINNEAPOLIS S, MINN., E. Floyd Bell, 2102 Foshay Tower; NEWARK t, N. J., 
G. C. Norman, 27 Washington St., Room 205; NEW ORLEANS 12, LA , Devlin Brothers, 1003 Maritime 
Bldg.; NEW YORK 7, N. Y., Koithan & Johnson, 29 Cortlandt St.: OMAHA 2, NEBR , Wain Engineer- 
ing Co., 415 Brandeis Theatre B]dK.\ PHILADELPHIA 2, PA., Davidson A Hunger, 1200 Cunard Bldg.; 
PITTSBURGH 22, PA , H. L. Moore. 345 Fourth Avenue; PORTLAND, ORE., Arthur Forsyth Co., 921 
SWOakSt.; ROCHESTER 4, N. Y., R.Moyer.846 Sibley Tower Bldg.; ST.L0UI8 S,MO., 3. VV. Cooper, 
2118 Pine St.;iSALr LAKE CITY 1, UTAH, Stearns Roger Mfg. Co,.4o5 Kearns Bldg.; SANANTONIO 
6, TEXAS, Langhammor Rummel Co., 436 Main St.; SAN FRANCISCO, CALIF., Chas. W. Lockhart. 
1214 Central Tower Bldg.: SEATTLE, WASH., Arthur Forsvth. 3150 Ellicott Avenue; TOLEDO 2, OHIO, 
Carl M Eyster, 1118 Madison Avenue; W ASHINGTON 5, D. C.. G. S. Frankel, Mgr., 310 Woodward Bldg. 



SINGLE STAGE DOUBLE SUCTION PUMPS. 
For clear water service from 10 to 10,0(K) U. S. gpm. 
These pumps provide substantial savings in power 
and maintenance over years of service, because they 
incorporate all accepted features of modern centrifu- 
gal pump design. BULLETIN 955-M. 

AUTOMATIC SUMP PUMPS. Compact units, 
shipped complete, with very little installation work 
necessary. Ball bearing thrust. Unusual efficiencies. 
BULLB:TIN 936-F. 

CLOSE-COUPLED SINGLE SUCTION PUMPS. 

Compact and easily serviced. Suited to handling 
hot water with low submergence. C'lose-coupled de- 
sign means permanent shaft alignment. BULLETIN 
975-B 

SELF-PRIMING SINGLE AND DOUBLE SUCTION 
PUMPS. Maintain positive prime without foot 
valves. All parts are oversized for longer service. 
The high-cfficicncy rotors are vibrationless. BUL- 
LETIN 970-A 
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Chicago Pump Company 

2330 Wolfram Street BRunswick 8-4110 Chicago 18 

PRODUCTS— Return Line Vacuum Heating and Boiler Feed Pumps, Condensation, 
House, Booster, Fire Pumps, Circulatii^, Brine, Sewage, Bilge, Sludge, Pneu- 
matic and Tankless Water Supply Systems and Automatic Alternator for Duplex 
Sets of Pumps. 


“CONDO-VAC*' 

Return Line Vacuum and Boiler Feed 
Pump for Heating Systems 


“Sure-Retum“ Condensation Pump 

for Low and Medium Pressure, and Systems 
up to 75,000 Sq Ft Radiation 



Fig. ilOi— Duplex **Condo-Vaea** with Duplex Double 
Automalie ContTol 

No vacuum on stuffing boxes, ample 
clearance in rotating member. It costs 
less to operate a “Condo-Vac.** “Condo- 
Vac** reduces corrosion in piping and 
boiler to minimum — because pump does 
not take in air from atmosphere and en- 
tirely eliminates all air coming back from 
system. “Condo-Vac** is quiet, has a 
low inlet, entirely automatic, fool-proof, 
easy to maintain. Ask for bulletin 270. 

Close-Coupled Pumps 

Boiler Feed, Circulating, Tank Filling, 

Water Supply 



Fig. 21S0—Cloee-Coupled, eide auction pump 

Cai)acities range from 3 to 600 Gpm 
against heads up to 189 ft. Motors from 
i to 20 Hp. Discharge 1 to 3 in. Closed 
and open type impellers. Bulletin 108. 


Fig. 1946 


“Sure-Return** Condensation Pumps and 
Receivers are built for systems up to 
75,000 sq ft of direct radiation and for low 
and medium pressures. Built in either 
single or duplex units. Duplex units are 
alternated in their operation by the 
Automatic Alternator. Complete data in 
Bulletin 260. 


Vertical Condensation Pumps 

for Low and Medium Pressure for Systems 
from 500 to 100,000 ^ Ft Radiation 


The vertical condensa- 
tion pump is designed to 
receive returns from low- 
est radiation. The re- 
ceiver is placed under- 
ground — an ordinary hole 
sufficing if necessary — 
and requires very little 
floor space. Unit is 
shipped complete, easy 
to install, assembled so 
as to prevent steam leaks. 
Special bearings will 
stand up under hot water 
for several years. A 
special float mechanism 
is guaranteed not to leak 
or stick in stuffing box. 
Complete data and de- 
scription in Bulletins 2^^ 
268 and 266, 



Fig. 1940 
Vertical 
Condenaation 
Pump 
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"If it’s a job for a pump* 


DOMESTIC 


it’s a job for Domestic” 


ENGINE & PUMP COMPANY 


A DIVISION OF EMPIRE INDUSTRIES INCORPORATED 
SHIPPENSBURG, PA., U. S. A. 

Sales and service offices in principal cities 


DOMESTIC AMES VACUUM HEATING PUMPS 



Type LG 


For the efficient and rapid removal of 
air and condensate from the steam heat- 
ing system. Engineered to achieve 
greater air and water handling capacity 
at reduced operating expense. Out- 
standing for simplicity of installation, 
sustained capacity, accessibility of parts, 
compactness and rugged construction. 
Capacities from 2500 to 65,000 sq ft EDR. 
Standard or special, single or Duplex 
Units. 


DOMESTIC AMES 
CONDENSATE RETURN PUMPS 



Type LC 

Vertical close coupled type— compact, 
efficient and dependable. For returning 
condensate to the boiler. Widely used 
in industrial plants, commercial build- 
ings, schools and institutions, churches 
and public buildings. Saves condensate 
and fuel, floor space, installation time 
and expense. 

Single and duplex units. Capacities 
range from 1000 to 65,000 sq ft EDR. 
Duplex model famous for Common Dis- 
charge, which simplifies the piping 
layout. 


NEW DOMESTIC AMES 
‘TONDAFLOW'' 

The Packaged Versatile 
Condensate Pump 



Can be used on any low pressure heat- 
ing system from 500 to 8000 sq ft EDR, 
at 20 lbs or less discharge pressure. 

A packaged unit occupying only 
1$ in. X 24 in. of floor space. 
Remarkable for quicker heat with 
substantial fuel economies. 


OTHER DOMESTIC PRODUCTS: Centrifugal Sewage Pumps 
Diaphragm and Plunger Pumps • Power Hoists 
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The Nash Engineering Company 

234 Wilson Road South Norwalk, Conn., U. S. A. 

Sales and Service Offices in all Principal Cities 



Return Line Vacuum Heating Pump 

Standard with the heating industry for 
over eighteen years. Removes air an(l con- 
densation from return lines of vacuum steam 
heating systems, discharging air to atmos- 
phere and returning water to the boiler. 

Tivo independent units are combined in a 
single casing — an air unit and a water unit. 
Impellers of both are mounted on the same 
shaft. Pump is bronze fitted throughout. 

Supplied airect connected to standard 
electric motors, for belt drive, or for steam 
turbine drive. For continuous or automatic 
operation. Standard in capacities up to 
300,000 sq ft E.D.R. Larger units special. 
Bulletins Nos. 307, 308, 309, and 310 on 
request. 



Vapor Turbine Vacuum Heating Pump 

Jennings Vapor Turbine Heating Pumps 
combine all advantages of the standard re- 
turn line heating pump with a new type of 
drive, a specially designed low pressure tur- 
bine which operates directly on steam from 
the heating mains on any system, requiring 
a differential of only 5 in. of mercury, and 
returns that steam to the heating system 
with practically no heat loss. 

This pump affords the safety and economy 
which goes with continuous condensation re- 
turn and steady vacuum, and at no cost for 
electric current. Furnished standard in 
capacities up to 65,000 sq ft E.D.R. Larger 
units special. Bulletin No. 290 on request. 



Condensation Pump and Receiver 

Removes the condensation from radiators 
in return line steam heating systems, par- 
ticularly radiators set below' the boiler 
water line level, and pumps the condensation 
back to the boiler. Pump is bronze fitted 
with enclosed centrifugal impeller of im- 
proved design. By making the pump casing 
a part of the return tank, and bolting the 
motor base to the tank, floor space is con- 
served. The rectangular construction per- 
mits installation in a corner against the wall. 

These pumps are furnished in standard 
sizes with capacities ranging from to 225 
gpm of water. For serving up to 150,000 sq 
ft of equivalent direct radiation. Bulletin 
No. 319 on request. 
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The Nash Engineering Company 

234 Wilson Road . South Norwalk, Conn., U. S. A. 

Sales and Service Offices in all Principal Cities 


SEWAGE EJECTOR 

For pumping unscreened sewage or drain - 
agti from basements below the street sewer 
level, handling crude sewage from low level 
districts, pumping effluent, sludge and other 
heavy liquids. The Jennings Sewage Ejec- 
tor is of the pneumatic type. Air, com- 
pressed only to the pressure at W'hich it is 
used, by a Nash Hytor Air Compressor, is 
motive power to pump the accumulated sew- 
age from a pot to the sewer. There are no 
air storage tanks, reciprocating air com- 
pressors or screens, no air valves. Furnished 
in several standard sizes up to 1500 gpm 
against heads up to 100 ft. Bulletins on 
request. 



Suction Sump and Sewage Pumps 

Jennings Sump Pumps are self-priming 
centrifugals for handling seepage water and 
liquids reasonably free from solids. Sewage 
Pumps are equipped with non-clog type im- 
peller for liquids containing solids. Suction 
piping only is submerged. Centrifugal im- 
peller and vacuum priming rotor are 
mounted on same shaft t hat carries rotor of 
the driving motor, forming a single moving 
element, rotating without metallic contact. 

Will handle air or gas with liquid being 
pumped, and because of self -priming feature 
are installed entirely outside of pit, afford- 
ing perfect accessibility for inspection or 
cleaning. Capacities to meet all require- 
ments. Bulletins Nos. 159, 161, and 338 on 
request. 



Air Compressor and Vacuum Pump 

Nash Air Compressors operate on a uniijue 
and different principle. The one moving 
part rotates in casing without metallic con- 
tact. There is nothing to wear, and no 
internal lubrication. 

Nash Compressors deliver absolutely clean 
air; ideal for agitation of liquids, pressure 
displacement, and handling gases. Vacuum 
pumps ideal for priming pumps, blood suck- 
ing pumps in hospitals, and wherever non- 
pulsating vacuum is required. 

Pressure 75 lb or vacuum 27 in. of mercury. 
Furnished for any capacity; special for 
higher vacuums and pressures. Bulletins 
Nos. 282, 325, 331 and 337 on request. 



1307 







Heating Systems • p »“ p « 


bigeisoIl-Rand 

7 II BROADWAY. NEW YORK 4. N. Y. 


BIRMINGflAM 

DALLAS 

KNOXVILLE 

PHILADELPHIA 

SCRANTON 

BOSTON 

DENVER 

LOS ANGELES 

PtCHER 

SEATTLE 

BUFFALO 

DETROIT 

NEWARK 

PITTSBURGH 

ST. LOUIS 

BUTTE 

DULUTH 

NEW ORLEANS 

SALT LAKE CITY 

TULSA 

CHICAGO 

EL PASO 

NEW YORK 

SAN FRANCISCO 

WASHINGTON 


CLEVELAND 

Offices and agents throughout the world 



I-R COMPRESSORS OF 


CENTRIFUGAL PUMPS 

The is a compact, “pack- 

age” unit, mounted integrally with motor 
on a rigid, oversize shaft and over-size 
bearings. It is highly adaptable to many 
services, needs no special foundations, and 
operates equally well in any position. It 
is available in several materials for pump- 
ing various liquids. Capacities from 10 
to 1800 gpm, heads to 600 ft. 

Other l-Il pumps are offered for all hy- 
draulic services, with any type of drive. 

ALL PURPOSE PORTABLE TOOLS 

Electric Ipactool are light-weight, port- 
able, tools for running and removing 
nuts, screws and studs, drilling, reaming, 
tapping, wire brushing, drilling brick 
and masonry, driving wood augers, hole- 
saw work, and the 101 jobs encountered 
in installation work. Plug into any wall 
outlet. Capacities: H in. drills, tapping 
to % in., running nuts to ^ in. thread 
size. 110 or 220 volts, universal motor. 

LIGHT-WEIGHT JACKHAMER 

The J-10 Jackhamer is the smallest of the 
self -rotating, rock-drill line, weighs 14 
lbs, and is especially designed for mainte- 
nance and installation work. Its uses 
include drilling masonry for conduit, 
sprinkler hangers, foundation bolt holes, 

E ’ines and drains as well as tearing out 
-work for doors and windows and 
similar demolition jobs. The J-10 is 
air-powered. 

STEAM-JET REFRIGERATION 

Where refrigeration is needed down to 
35°F, and a supply of steam is available, 
the I-R system of water-vapor refrigera- 
tion with Steam -Jet Coolers is offered. 
In this system water is the only refrigera- 
tion medium. It is cooled by direct 
evaporation in a high vacuum created by 
steam -jet booster ejectors. There are no 
nioving parts, no vibration nor noise. 
Sizes run from 20 to 1200 tons of refrigera- 
tion and can be built to operate at any 
one of a wide range of pressures down to 
2 lb per sq in. 

ALL TYPES AND SIZES 


I-R Compressors are offered in all sizes and types from V 2 to 3000 hp, in pressures 
from a few ounces to 15000 lbs, and in stationary or portable models. Air-cooled 
units range from Vs to 90 hp. I-R Water systems are available for industrial and 
domestic uses. 


1308 




INTERNATIONAL HEATING & VENTILATING EXPOSITION 

THE AIR CONDITIONING EXPOSITION 

Pennanent Address — Grand Central Palace, New York 17, N . ¥• 


EXPOSITIONS HELD 

Chicago, 1949; New York, 1948; Cleve- 
land, 1947-1940; New York, 1938; Chi- 
cago, 1936; New York, 1934; Cleveland, 
1932; Philadelphia, 1930. 

FUTURE SCHEDULE 

Southwest Air Conditioning Exposi- 
tion, Dallas, Texas, Jan. 23-27, 19^. 

UNDER AUSPICES OF A.S.H.V.E. 

These Expositions have been and will 
be held co-incident with the annual 
meetings of the American Society of 
Heating and Ventilating Engineers and 
under their auspices. Management is 
by International Exposition Company 
with permanent headquarters at Grand 
Central Palace, New York 17, N. Y. 

EXHIBITORS 

Comprise leading firms in each phase 
of the industry; number has varied 
from 150 to 400 exhibitors. 

EXHIBITS 

These range from and comprise all the 
types of articles discussed or advertised 
in this copy of The A.S.H.V.E. Guide. 

1. The Combustion Group: 

Furnaces, burners (coal, oil and 
gas), grates, stokers, boilers, radia- 
tors (various types), refractories 
and auxiliaries. 

2. The Oil Burner Group: 

3. The Hydraulic Group: 

Water feeders, water heaters, 
pumps, traps, valves, piping, fit- 
tings, expansion joints, pipe hang- 
ers, etc. 

4. The Steam Heatino Group: 

Vapor heating, steam specialties. 

5. 7' he Hot Water Heating Group: 

6. The Air Group: 

Warm Air furnaces and stoves, 
registers and grilles, cooling 
towers, air filters, motors, fans, 
blowers, conditioning equipment, 
ventilators (room and industrial 
types), unit heaters, etc. 

7. The Air Conditioning Group: 
Equipment which circulates and 
filters the air, in summer dehumi- 
difies and cools; in winter heats 
and humidifies, and docs all these 
in proper season for complete, all 
year-round air conditioning. 


8. The Control Group: 

Instruments of precision for indi- 
cating, controlling or recording 
temperature, pressure, volume, 
time, flow, draft or any other 
function to be measured. 

9. The Refrigerating Group: 
Compressors, condensers, cooling 
apparatus, contingent apparatus 
and refrigerants. 

10. The Central Heating Group: 
Apparatus and materials especially 
designed or adapted to the uses of 
central heating and central heating 
station supplies. 

11. 7"he Insulating Group: 

Structural insulators (refractory 
and cellulose materials), asbestos, 
magnesia clays and combinations 
thereof, pipe and conduit covering, 
etc., weather-stripping, etc. 

12. The Miscellaneous Group: 
Electric Heaters, boiler and pipe 
repair alloys, liquids and com- 
pounds, tools of all kinds, and 
equipment not specifically included 
in the above groups, but related 
thereto. 

13. I'he Machinery and General 
Equipment Group. 

14. Books and Publications. 

VISITOR ATTENDANCE 

Attendance is by invitation and regis- 
tration only, thereby presenting a 
selected audience. Included are con- 
tractors, dealers, jobbers, supply 
houses, home owners, industrial users, 
professional and service organizations, 
public utilities, real estate management 
concerns, etc. A detailed analysis of 
registered attendance is available on 
request. 

Industrial Expositions in America 
lead the expositions of the world in 
style, business effectiveness, industrial 
influence and educational value. This 
Exposition stands among the leaders in 
IiiQUstrial Expositions in America. It 
is an educational institution which 
brings together the research develop- 
ments and improvements in equipment 
and materials for use in heating, venti- 
lating and air conditioning all types of 
buildings. 
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The V. D. Anderson Company 

1942 West 96th Street, Cleveland, Ohio 


RepreaentatlTM 
In all 
principal 
CltlM 


SUPER-SILVERTOP STEAM TRAPS 

Are inverted bucket steam traps of an im- 
proved, thoroughly tested design. These steam 
traps automatically remove both condensate 
and air from the steam system— no manual 
operations are necessary. 

APPLICATIONS 

Super-Silvertops arc used on any steam-using 
equipment where it is desired to remove con- 
densate and air automatically in order to pro- 
duce maximum heating efficiency. 

FEATURES 

Simplified Piping— Connected cither as an 
elbow or straight-in-line — only one nipple 
needed since the U-tube is inside the trap. 
Saves as much as three elbows, three nipples 
and 60 minutes of time, compared to other in- 
verted bucket steam traps. 



Shows how trap is installed either as an 
elbow or straight in-line, using a 
minimum of fittings. 


Precision Parts Alignment— The bucket does not 
swing free. It is controlled in true engineering 
fashion, guided on a hexagonal tube. This makes a 
knife-edge contact, eliminating almost all friction. 
The unusual guide arrangement keeps all parts in 
proper alignment and prevents the bucket from hit- 
ting the sidewalls of the case. Positive closing of the 
valve is insured. 

Self-Cleaning— The reversing of the condensate flow 
on entering the trap produces a scrubbing action. 
This stirs up any sediment and dirt which is then 
carried away in the discharging condensate. 

No Restricting Passages— Even in the smallest sizes 
there are no narrow cored passages to become clogged 
with scale. 

Cannot Air-bind— As the air is automatically dis- 
charged ahead of the condensate in each cycle of oper- 
ation. 

Vacuum or Pressure — ^These traps do not leak steam. 
No danger of vacuum being destroyed — ^trap is recom- 
mended for vacuum operation. 



INSTANT HEAT 

Anderson Super-Silvertops can be equipped with 
Thermal Air Eliminators where instant heat is de- 
sired. Other Anderson products are: combination 
open float and thermostatic steam traps, float-type 
steam traps, air release valves, and pipeline strainers. 
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Materials: Case and head are of 
nickel semi-steel, bucket is copper, 
guide tube of admiralty bronze, 
iHilve and s&it of special chrome 
alloy, all other parts of stainless 
sted. All interior parts can be 
furnished in stainless steel when so 
ordered. 






The V. D, Anderson Co. 


Heating Systems • SpedaWe* 


SIZES, UST PRICES AND CAPACITIES 



. no 

118 

119 


Code Word for Telegrams. 
Pipe Connections, In. 

(to Note) 

Vay. 

♦ Ves. 

♦ Vys. 

Vyt. 

J"' only 

only 

i or i 

i or } 

Shipping Weight. Lbs 

2i 

5 

6 

7 

Diameter, In 

4 

31 

31 

6* 

Height, In 

Maximum Gauge Pres- 

4* 

3i 

5i 

sure 

100 

150 

200 

200 

List Price 

$10.00 

$0.00 

S10.00 

$12.00 


WITH THERMAL AIR ELIMINATOR 


Code Word for Telegrams. 
List Price 

Vayel 

$11.60 

Vesel 

$10.60 

Vysel 

$11.60 

Vytel 

$13.60 

Differential Pressure | 

CAPACITY IN POUNDS OP WATER PER HOUR 

1 

137 

161 

225 

380 

2 

192 

230 

323 

545 

3 

238 

280 

392 

660 

4 

270 

322 

450 

758 

5 

305 

360 

510 

860 

10 

436 

505 

705 

1190 

16 

525 

595 

832 

1400 

20 

300 

700 

080 

1650 

30 

370 

515 

710 

1110 

40 

410 

585 

810 

1260 

50 

455 

650 

900 

1400 

60 

490 

550 

757 

1160 

70 

375 

586 

810 

1240 

80 

400 

625 

860 

1320 

90 

420 

435 

645 

1140 

100 

440 

455 

675 

1190 

126 


500 

740 

1310 

150 


450 

580 

1000 

200 



655 

1100 

225 




.... 





.... 


Capacities based on continuous flow. When ordering be sure to si^ecify maximum steam pressure. 

Note: Pipe shown in heavy type are standard and tra]^ will be shipped tapped standard unless otherwise 
specified. Pipe sizes shown in light type furnished at no additional cost but only from Cleveland 
stock. 



SUPER-SILVERTOP STEEL 
SERIES 

... for higher pressures and tempera- 
tures— come complete. No need for 
extra, expensive fittings, no pipe to bend, 
and no labor cost for making up extra 
pipe joints. Installation may be 
straight-in-line or as an elbow. Only two 
threaded joints required in either instal- 
lation. The case and head are made of 


steel; and the gasket joints are of the 
recess type, preventing any possibility of 
gasket blowouts; all interior parts arc 
stainless steel, except the valve and seat 
which are special chrome alloy. 

CAPACITIES AND LIST PRICES 


No. of Trap 


Size 

33 

$77.00 

34' 

36 

List Prices 

$120.00 

$230.00 

Code Word 

F8H 

FSB 

FSC 

Pressure, Lbs. 




150 

2800 

6000 

11000 

200 

3100 

5500 

9000 

250 

3500 

6000 

10000 

300 

2500 

6400 

11000 

350 

2800 

4500 

8300 

400 

2500 

4500 

8700 

500 

2800 

4750 

9000 

600 

3000 

4900 

8500 

700 

2000 

4500 

8600 
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Armstrong Machine Works 

851 Maple Street, Three Rivers, Mich. 

Steam Tnps ... Air Traps . . . Humidifiers 
High Side Floats . . . Refrigerant Puigers 


Representatives 
in Principal 
Centers 


ARMSTRONG INVERTED BUCKET STEAM TRAPS 


Armstrong offers a complete line of 
traps for'draining low and medium pres- 
sure steam headers, pipe coil radiation, 
unit heaters, air conditioning equipment, 
process equipment, etc., to gravity or 
vacuum return systems. Armstrong de- 
sign and construction results in fast heat- 
ing, uniformly high temperatures and 
long trap life with low maintenance. 



No. soosis 


Automatic Air Discharge. Standard 
traps automatically discharge normal 
amounts of air along with condensate. 
Whore large amounts of air must be 
vented quickly when steam is first turned 
on, Armstrong BLAST Traps with 
thermic bucket vents are recommended. 
Depending on size, air handling capacity 
ranges from 500 to 1500 cu ft free air per 
hour. 



No.gii-gte 


Side Inlet Traps 

Pipe Connections . . . 

List Price (Regular) 

List Price (Blast Trap) 
Telegraph Code (Regular) . 
Telegraph Code (Blast Trap 
Dimen8if)n A . . .... 

“ B 

“ C 

N umber of Bolts 

Diameter of Bolts 

Weight 

Maximum Pressure, lbs. 


No. 800 

No. 811 

No. 812 

No. 813 

CAPACITIES, PRICES 
DIMENSIONS 

Note that capacities of 
No. 811, 812 and 813 
traps arc the same as 
No. 211, 212 and 213 re- 
spectively. On most in- 
stallations, the engineer 
therefore has a choice of 
side inlet — side outlet 
or bottom inlet — top 
outlet body styles. 

) ^ 

otH" 

$7.00 

$8.50 

Aloe 

Aluette 

W 

5'' 

6 

H" 

AH lbs. 
125 

$10.00 

$11.50 

Brown 

Brownette 

6J^" 

5^^ 

6 

H'' 

5H lbs. 
250 

V or H" 
$16.00 
$18.00 
Cherry 
Chorette 

W 

8V 

6 

IZH lbs. 
250 

or r 
$22.00 
$24.00 
Dawn 
Dawnette 

r 

11)4" 

6 

25 lbs. 
250 

Continuous die- 


6 

450 

830 


2900 

|||vwn||f 

7600 


charge capacity in 


10 

560 

950 

1900 

3500 


9000 


lb of water per hour 


15 

640 


2100 

3900 




at pressure iudi- 

£ 

20 

690 

880 

1800 

3500 


8500 


cated. For more 

i 

30 





6800 

9800 



I 

50 

580 

840 

1900 

4100 

6300 




pu 

70 

660 

950 


3800 


9200 

18300 



100 

640 

860 


3600 

6200 


18000 

strong Steam Trap 


125 

680 

950 


3900 

6700 



Book. 


150 


810 


3500 

5700 

9500 

18500 



200* 


860 


3200 

5300 

9200 

17500 



250 


760 


3500 

5700 



Bottom Inlet Traps 


No. 211 

No. 212 

No. 213 

No. 214 

No. 215 

No. 216 

Pipe Connections 




H" 

H" or W 

H" or ^4^ 

r 

I-' or l^'" 

V// or r 





S Q 

tiR (m 

$20.75 



00 

List Price (BlMt Trap) . . . 



mmtm 


$22.75 


■fliil.iM 

$60.00 

Telegraph Code (Regular) 



Aspen 

Birch 

Walnut 

Hemlock 

Larch 

Tamarack 

Telemph Code (Blast Tri^) . . 
Hniimt Dimension H 


Aspette 

Birette 

S'' 

Walette 

Hemlette 

12t4'" 

Larette 

U'" 

Tamrotte 

161^ 

Diameter 

‘ A 



4H'' 

S'" 

W 

7V4'" 

SH" 

lOV 

Diameter of Bolts. . 





H'' 




H'' 

Number of Bolts. . . 




6 

8 

6 

8 

8 

12 



6H Ih 

lOH lb 

lu lb 

22 lb 

Al lb 

80 lb 

Maximum Pressure, lb 


'm 

'250 

mmSM 



260 
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Armstrong Machine Works 


Heating Systems • Speciaitio* 


High Capacity, Compact Size. The 
high leverage of the patented free-float- 
ing lever makes it possible to open dis- 
clmrge orifices which are very large for, 
over-all trap size. 

Positive Action. The discharge valve 
is either wide open or closed tight. Fast 
opening and closing prevent wire-draw- 
ing. 

Self-Cleaning. Swirling action of con- 
densate during discharge carries dirt 


through trap. There are no dead spots 
for dirt to collect. 

High Quality. 18-8 stainless interior 
parts. Valve and seat are chrome steel, 
nardened, ground and lapped. Low 
pressure trap parts same material and 
quality as those used for 1500 psi, 900" F. 

Armstrong Steam Trap Book. 36 pages 
of data on traps, selection, installation 
and maintenance. A usable handbook 
for any engineer dealing with traps. 
Free copy on request. 


ARMSTRONG STEAM HUMIDIFIERS 


For Stores, Offices, Hospitals, Factories, Laboratories 


Operation. These 
units provide auto- 
matic, closely con- 
trolled humidification 
by introduction of 
steam directly into 
the atmosphere. In- 
stallation is compara- 
ble to that of unit 
heaters. Steam at 10 
psi or less is required. 
A solenoid discharge valve on the hu- 
midifier is controlled by a sensitive 
humidistat. A fan mounted on the 
humidifier aids in steam dispersal, or a 
venturi nozzle can be supplied. Where 
an electric spark might represent an ex- 
plosion hazard, compressed air operated 
models are available. In addition to 
the unit humidifier illustrated, there is 
a large model for installation in large air 
ducts and central heating systems. 
Capacities range from 31 to 630 lbs of 
steam per hour. 

Advantages. Installation cost of Arm- 
strong Humidifiers is as much as 80 per 
cent less than some types of equipment. 
The small C-2 unit lists at $120.00 com- 
plete with fan and motor, humidistat. 




strainer and steam trap. Operation, us- 
ing steam at around $1.00 per ton, is 
economical. There is no extra load on 
the heating system. No dripping — any 
moisture in the steam is re-evaporated 
in the steam -jacketed separating cham- 
ber. Control is accurate within a few 
per cent II. H. There is almost no noise 
with open nozzle types. 

Bulletin No. 1771 gives complete data 
on required relative humidities, selec- 
tion and installation of Armstrong 
Humidifiers. Available on request. 


ARMSTRONG NON-CONDENSABLE GAS PURGERS 

Armstrong Purgers auloniaiically remove air and other 
noncondensable gases from refrigerating systems, with 
minimum loss of refrigerant. Refrigerant gas is condensed 
in the cap of the purger, causing non -condensables to sepa- 
rate out at the top from where they discharge through a 
needle valve. These purgers are suitable for systems from 
12 to 500 tons capacity. Body is forged steel, interior parts 
stainless steel. Purger for Ammonia, Freon, etc., lists at 
$2(X). Heavier model for CO 2 lists at $350. BULLETIN 
NO. 192 describes benefits of purging, gives complete data 
on installation and operation of Armstrong Purgers. Avail- 
able on request. 

HIGH SIDE FLOATS. For compression type refrigerating 
systems where all of the liquid refrigerant can be carried 
on evaporating side. Identical to Armstrong Steam Traps 
except for bucket weight. Ask for BULLETIN 178. 

All Armstrong products are sold on a basis of satisfaction or your money back. 
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Heating Systems • steam 


Barnes ejones 

New York Office: 101 Park Avenue 

129 Brookside Avenue Boston 30, Mass. 

Barnes & Jones Vapor and Vacuum Systems of Steam Heating; Modulation Valves; 
Adjustable-Orifice Radiator Valves; Packless Quick-Opening Radiator Valves; Ther- 
mostatic Radiator Traps; Thermostatic Trap Replacement Units; Condensators (Boiler 
Return Traps) ; Float and Thermostatic Traps; Strainers; Damper Regulators; Gages; 
Systems of Zone Control for Steam Heating. Complete Catalog on Request 


Series K 


Thermostatic Radiator Traps 


The Series K valve 
is of the modulating 
type equipped with 
dial and pointer to 
indicate whether the 
valve is open or shut 
or in an intermedi- 
ate position. 

Lever or wheel 
handle. 

Series F 

The Series F valve 
has no dial or 
pointer and is there- 
fore furnished only 
with wheel handle or 
lock shield. Of 
same quality as 
Series K but lower 
priced. 

Both Series K and 
Series F valves are quick opening, non- 
rising stems, renewable disc seats, of 
packless design. Made angle pattern 
in 1 and IK in. sizes; straight- 

way (globe) pattern in K and 1 in. sizes. 
For use in vapor or vacuum systems. 


Capacities—Sq Ft E. D. R. 


Size valve 

— rr» — 

V'l 



iTF^ 

2 ounces pres 

25 

50 

90 

160 

8 ounces pres. 

45" 

90 

lOb']^ 

.... 280 


TypeH 

The Type H valve is 
of the adjustable 
orifice type so ar- 
ranged that the dial 
indicates at all times 
the size of the radi- 
ator for which the 
valve is adjusted. 
May be adjusted 
with steam on the 
system. Noiseless in operation. 

Lever or wheel handle, unauthorized 
tampering virtually impossible. Made 
for pressure differentials of 1, 2, 3, 4 and 
6 pounds, K in. valve up to 100 sq ft. 
1 in. valve over 100 sq ft. 





The B & J preci- 
sion made thermo- 
static trap con- 
tains the unique, 
patented cage unit 
which is a com- 
plete operating 
unit in itself. The 
cage assembly con- 
tains the double 
thermostatic element calibrated in the 
factory, and locked in correct adjust- 
ment with the trap seat, which is also 
an integral part of the cage unit. Suit- 
able for pressures up to 1Mb. 



Capacities— Sq Ft of E. D. R. 


Size 

1 


No 

Pres. Dill.— Lbs. per Sq In 


H 


1 

2 

5 

122 

70 

92 

168 

228 

320 

134 

120 

152 

320 

450 

710 

147 

200 

300 

590 

'760 

1200 


15 

OlO' 


2200 


Medium and High Preseure traps suitable for pres* 
sures between 15 lb and 100 lb can be furnished. 


Float and Thermostatic Traps 

Made in five sizes for 
handling large and 
sudden loads of con- 
densate that are 
greater and more 
variable than can be 
handled efficiently 
by thermostatic 
traps. Suitable for 
pressures up to 15 lb. 


Capacities Lbs Water per Hour 


Size 

No. 

Pr. 

ss. Diff. 

—Lbs. per Sq In. 

H 


2 

5 

1 15 

H 

T41 

70 

100 

200 

210 

230 

1 1 

T42 

175 

250 

500 

525 

575 


'143 

425 

"ooo' 

1200 

1260 

1380 

IK 

T44 

850 

1200 

2400 

2520 

2760 

2 

T45 

1775 

2500 

5000 ■ 

5250 1 

5750' 


Medium pressure F. & T. traps in % in. and 1 in. 
sizes can be furnished for pressures up to 65 lb. 


Barnes & Jones, Inc., manufactures a 
complete line of control systems operated 
either manually from a central station or 
automatically from an outdoor ther- 
mostat. 



1314 





Heating Systems • specwtiM 


Carty & Moore Engineering Co. 

Establiahed 1919 

511 West Lamed Street • Detroit 26, Mich. 

STEEL RADIATOR BRACKETS STEEL CONCRETE INSERTS 

For over a quarter of a century Carty-Moore Speed Brackets have been recognized 
by engineers and contractors as a superior product and there are nearly a million in 
use today. Specify C & M Brackets on your next job and note the substantial savings 
in labor due to the quick-mounting features. 

MODEL NO. 22 BOTTOM HUNG 
SPEED RADIATOR BRACKETS 


Illustrated is the No. 22 Speed Bracket for hanging all 
^ types of wall, tube or thin-tube radiation. This bracket 

is completely assembled when 
shipped and all parts are fur- 
nished, ready for quick and easy 
installation. A brief iiistruc- 1 ^^. 
tion card is enclosed with each ^ 

bracket explaining the simple ^ 
adjustments required to hang > 
any particular type of radia- ^ ^ 
tion. l^reparation of a C & M Ui 

Speed Bracket for hanging a \ "tuU 

radiator consists simply of o|-V-— 5 '' 

selecting the right hold-back o- - \ § 

washer (there are three fur- o- 7 

nished) and bolting the hook in S i \ 
the proper hole. Roughing-in v \ \ 
specifications are shown by the \ ^ \ 
drawing on the right. For spe- 1 ^ \X \ 
cihe jobs 40 brackets are pacKed \ yn 

to a burlap bag — ^jobbers stock ~ 

them six in an attractively- ' 1 

labeled carton. Shipping 
weight approx. lbs. 

This bracket is also available with double hook 
and reinforced frame for double row wall radia- 
tion — ^specify No. 222. 

MODEL NO. 33 TOP HUNG BRACKETS 

A completely assembled top hung bracket with 
JJ in. outsi't from the wall, especially approved for government jobs. Also avail- 
able with 2-1 in. outset for hospitals, institutions, etc. where frequent cleaning be- 
hind the radiator is required— specify No. 333. When ordering top hung brackets, 
specify model number and the type of radiation to be hung. 


MODEL NO. 44 CONCRETE INSERTS 

Carty-Moore No. 44 Concrete Inserts have long 
been used by leading lieating contractors and are de- 
signed to meet the most exacting n;quircmenls. The 
C & M Insert is made of heavy gage pressc'd steel 
stampings for 1 in., ^ in., I in. and f in. nuts. A long 
travel slot permits ample adjustment yet the nut can- 
not pull out and the wide wingspread allows the insert 
to become deeply imbedded in the concrete so it can- 
not tear out under heavy strain. 50-i in. or J in. 
packed in a nicely-labeled carton — 25-| in. or J in. 
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C. A. Dunham Company 

Administrative and General Offices 

400 W. Madison Street, Chicago 6, 111. 

Factories: Marshalltown, Iowa; Michigan City, Ind.; Toronto, Canada; Ijondon, England 
TORONTO 4, 1523 Davenport Road. LONDON. Lombard Rd., Merton, S.W. 19 




“Dunham Heating Service” 

is as close to you as your telephone in 
most principal cities; see classined tele- 
phone directory. Expert heating engi- 
neers are available to architects and engi- 
neers for counsel at every one of these 
offices. 

THE DUNHAMVARI-VAC 
DIFFERENTIAL “JOB SCALED” 

SYSTEMS 

This System provides a complete Differ- 
ential System for every size job and bud- 
get. The Vari-Vac System is a vacuum return job plus exclusive features which permit 
utilization of varying vacuums to provide the right amount of heat under any weather 
condition. It exactly balances heat supply with heat demand. It provides a con- 
tinuous flow of steam — continuous heat distribution — at controlled temperatures. 
In coldest weather steam as hot as 212 F or higher can be obtained. In mild weather 
steam as cool as 133 F can be circulated. The simplified Dunham ^ 'Metro System of 
Piping’* greatly reduces installation and operation costs, from the simplest basic 
installation to the complete’y automatic controlled pb. 

The basic control of the Differential Temperature Control Equipment balances the 
heat supply (measured by the Heat Balancer) with the heat demand (measured by 
the Selector). Compensating or limiting features are provided by the room Resis- 
tance Thermometer units. Since this room thermometer is not depended upon 

to perform the function of the conven- 
tional room thermostat, it is not as 
limited in ts application. It can be used 



to rej?ister room temperatures from any 
location regardless of the type of occu- 
pancy of the room. 



Intermediate Job 

DUNHAM THERMOSTATIC TRAPS 

For Operating Pressures up to 15 lb psi gage 

Cast bronze body with valve seat and 
cast bronze cover containing the expan- 
sion thermostat. Disc constructed of 
monel metal sheet, valve of cuprous 
alloys. Thermostatic elements for traps 
of same size interchangeable without 
adjustment. 

No. IC-i in., AP., SW., RH., LIL, VS., 

200 sq ft EDR. No. 2E, H in. AP., SW., 

400 8qft. No. 3C, 1 in. AP 700 sq ft. n ..n,. 

Floaiirg Valve-’Rounded Dxk 
Large Valve Opening 
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C. A. Dunham Company 


Heating Systems • 


DUNHAM THERMOSTATIC STEAM TRAPS— TYPE TH 


For Working Pressures S Lb to 100 Lb 



Fig. S618A-~8ectional Type Till- A 

These traps are of the thermostatic 
fluid expansion type, operating in re- 
sponse to the pressure caused by partial 
vaporization of the liquid within the 
thermostatic disc. The trap consists of 
two principal parts, a body with renew- 
able valve seat and a cover containing 
the thermostatic clement. The trap is 
non-adjustable; permanent adjustment 
for correct operation is built into the 
thermostatic element. 

The bodies and covers as well as the 
union nut and nipples are brass. The 


thermostatic element is fabricated from 
monel metal sheet using a special weld- 
ing process, and corrugations are de- 
signed to reduce the movement at the 
rim, distributing the disc motion uni- 
formly. 

The valve and seat are of special heat 
treated stainless steel. The spherical 
valve is swiveled to insure its seating 
tightly without causing localized stresses 
on the thermostatic element. 

The valve opening is exceptionally 
large and the passage of water or dirt is 
not obstructed by a guide. 


CAPACITY POUNDS CONDENSATE PER 
HOUR 


Trap"" 

Size 

1 Working Pressure (Lbs. per sq. in. gage) 

5 

25 

35 

50 

1 100 

THIA 

125 

355 

445 

560 

1 840 

TH2A 

125 

565 

700 

880 

1300 

TH3A 

290 

790 

980 

1200 

1 1780 


iVote— TH2A and TU3A have a double thermo- 
static disc. 

Traps shall start discharging with a temperature 
differential (i.e. difference between temperature of 
discharging water and that of saturated steam of 
same pressure as that on the trap of about 30 F to 
40 F. 


DUNHAM RADIATOR VALVES 
“ORIFLEX” PACKLESS RADIATOR VALVE 

A self-contained adjustable orifice valve for propor- 
tioning the steam supply to each radiator. The adjust- 
able orifice within the valve controls the steam flow. No 
need to disconnect valve when making an adjustment. 

Merely remove medallion, insert the key on the adjust- 
ment stem, adjust orifice (calibrated guide surrounds 
stem) to the exact setting needed for desired balance. 

Sizes i in., } in., 1 in., U in. Capacity 30, 120, 160, 240 sq 
ft EDR. 



PACKLESS RADIATOR VALVE, SERIES 1140 

Suitable for all types of low pressure steam heating 
systems. The bellows construction, the non-rising stem, 
low bonnet, heat-resistant, composition handle requiring 
less than one turn to open the valve fully, recommend 
this valve for long-wearing service and quality. Sizes 
i in. to 1} in. 

Bodies and bonnets are brass castings, rough finish, 
furnished with heavily constructed brass unioanuts and 
nipples. Valves are made packless by means of a built- 
up type expansion member consisting of a series of cor- 
rugated phosphor bronze diaphragms. The expansion 
member prevents leakage of steam, air and water, but 
also prevents steam, water and dirt from clogging and 
corroding the spindle nut and screw. 



700 SERIES SPRING PACKED RADIATOR VALVE 

Bodies are brass castings, rough finish. Heavily constructed brass union nuts and 
nipples. All pipe threads and tappings are standard gages. Non-rising stem. Re- 

? iuircs less than one turn of handle to open the valve fully. Angle, S.W., R.H., or 
J.H., corner patterns in sizes from } in. to 2 in. inclusive. 
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DUNHAM INVERTED BUCKET TRAPS 
Type OB For Operating Pressures up to 250 lb 
Type OBS For Operating Pressures up to 150 lb 

This high pressure trap vents air and drains water from steam 
lines, heat exchangers, sterilizers and processing equipment oper- 
ating at their respective pressure ranges. It is particularly 
adapted to clearing high pressure distribution lines of condensate 
and to draining high pressure applications such as coffee urns, 
cooking utensils, laundry equipment, etc. It increases the effi- 
ciency of heat transmission and holds equipment capacity to a 
maximum. Type OBS built only in i in. and i in. sizes, right hand 
female tappings. Tyjx* OB sizes are i in. to 1-J in. inclusive. Jiody 
and cover are of hign test scmii -steel castings. Valve and seat 
(renewable and interchangeable) are constructed of especially 
hardened, corrosion resisting steel. Bucket is formed from sheet 
copper. Cover cap screws arc steel. 



DUNHAM FLOAT AND THERMOSTATIC TRAPS 
30 Series— For Operating Pressures up to 15 lb Gage 

Compristid of a cover, mechanism assembly and body. Thermo- 
static disc and valve controls flow through a cored passage* be- 
tween trap body and discharge tapping for release of air. The float 
is cuprous material. Float valve and seat are monel metal. Ther- 
mostat elements are interchang(‘able. Trap body readily removed 
without disturbing piping eoniuictions to fully expose working 
parts for inspection. All traps are tapped so that gage glass set 
may be applied, but traps are shipped plugged. Bottom plug (^an 
be used for flushing out trap. 


Dunham Closed Float Traps In Same Capacities 


Vacuum Pumps 



Type Vfl 


Made in 9 sizes from 25(X) to 65,000 
EDR to be applied in accordance with 
EDH load, no allowance necessary for 
j)iping. Furnished as single or dupl(‘x 
units with a sej)arate accumulator tank 
to take care of low returns. Each auto- 
matic pumj) has its own control panel 
wired through to motor. Selector switch 
on panel ix'rinits pump to operate on full 
vacuum and float control. 

Pumj) and motor assembled on rigid 
cast iron base. Bronze fitted centrifugal 
pump has non-corrosivc* shaft. Enclosed 
type Impeller. Liberal size ball bearings. 



Condensation Pumps 

J*ump and motor assembled on rigid 
steel base, lironze fitted centrifugal 
pump has non-corrosive shaft. Enclosed 
type impeller. Liberal size ball bearings. 

Type CH-Model C, Single and Duplex- 

Capacities 2000 to 50,000 sq ft EDR dis- 
charge pressures 20 to 50 lbs; 60 cycle d.c. 
or a.c. 1750 rpm; 25 or 50 cycle a.c., 1450 
rpm. 

Type CHH-Model C, Single and Duplex 

— Capacities same as type CH. Dis- 
charge pressures 20, 30, 40, 50 and 70 lb 
60 cycle d.c. or a.c. 3450 rpm; 25 or 50 
cycle a.c., 2850 rpm. 
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DUNHAM CABINET CONVECTORS 
With Non-Ferrous Heating Element 


Type “r” Heating Element 


Type WCF 
Cabinet Convector 


DUNHAM CONVECTORS 5 J 

can be used on steam or vapor I 
00^^^ and gravity or forced hot-water ^ 

s ' heating systems. EDR capaci- 

CahlTclnL«r ties with 1 lb Btcain, 65 F enter- 
ing air range from 12 sn ft 
EDR to 108 sq ft EDR. Made 

in 4 in., 6 in., 8 in. and lOi in. widths; 20 in., 24 in. and 32 in. enclosure heights; cas- 
ing lengths from 18 in. to 64 in. Casings are constructed of No. 18 gage steel with re- 
movable fronts. Outlet grille is punched in the casing front. Heating element is 
copper or aluminum fins on seamless drawn, round copper tubes brazed to bronze 
iieaclers. These elements withstand hydrostatic test pressures of 400 lb per sq in 
and are suitable for operation on 150 lb steam or water w'orking pressure. Cabinets 
also available in recessed types, semi -recessed types and in sloping top. 


DUNHAM UNIT HEATERS 


Type C-— Built in various 

Type H—Wall Type Type H— Ceiling Type Type li—I averted Wall Type sizes up to 2000 sq ft EDR. 

All units have belt driven centrifugal type fans. Constant speed 1750 rpm. 



Type R--Floor Type 
with mixing damper also 
furnished with elongated 
nozzles 



Type M — Floor Mounting 


Type V— Horizontal 
propeller fan type. 
Built in various sizes 
from 66 up to 1600 
sq ft EDR. 


Dunham Type M Unit Heaters can be iiisl ailed in any posil ion, discharging their 
air directly upwards, direct ly downwards, or horizontally. Units must be ordered 
for the position in which they arc to be set, so that projicr mounting can be pro- 
vided. Non-Ferrous Coil. 
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DUNHAM AIR CONDITIONING UNIT 

This single unit, when correctly installed, supplies heated air 
in winter and cooled and dehunudilied air in the summer, with 
filtering, ventilation and circulation of air the year *round. 
These combined services are rendered with a minimum require- 
ment of space and a high functional efficiency which guarantees 
genuine satisfaction and genuine economy. 



DUNHAM TYPE OTS HEATING ELEMENT 

An extended surface heating element made 
entirely of steel. Light in weight, and has 
unusual heating capacity. Each element is 
made up of in. steel pipe with No.22 ^age 
heavy fins mechanically attached, elimi- 
nating the use of a solder bond without sacri- 
fice of heat transfer. Each fin, when pressed on the pipe, interlocks with the preced- 
ing fin — forming an exceedingly tight and permanent mechanical joint. The complete 
unit is painted with heat-resisting zinc chromate black enamel. Lengths from 18 in. 
up to 144 in. can be supplied in 6 in. increments. Standard units are threaded at e^t h 
end with standard pipe threads. 




DUNHAM BASEBOARD 

The Dunham Baseboard Simplic- 
ity Heating System is completely 
automatic. A room thermostat 
starts and stops the water circula- 
tor to provide just the right 
amount of heat. An aquastat 
starts and stops the heating device 
on the boiler to maintain a mini- 
mum water temperature and pro 
vide adequate hot water for wash- 
ing, bathing and other domestic 
purposes. This automatic opera- 
tion, plus the high efficiency and 
complete simplicity of the Dunham 
System, cuts installation and operation costs to a fraction of what you pay for old 
fashioned heating systems. 

Smart design and easy maintenance are combined. 

The specially engineered baseboard comes in an at- 
tractive style with completely hidden louvres. It^s 
easy to keep clean, too, because the Dunham Base- 
board has no outside openings to catch dirt— and as 


pocket of accumulated dust. The baseboard cover is 
easily removed and all parts are readily accessible. 
Attractive in appearance — easy to install — simple to 
operate and gives clean, comfortable, satisfying, 
^ healthful warmth . . . 

from wall to wall . . . from 
floor to ceiling. 

It wraps a house in a 
blanket of warmth. De- 
signed and tested at odd 
moments during the long 
war years, an indepen- 
dent laboratory says, 
“Its performance was 
better in a basementless 
house than any other 
device that has been 
tested.” 



Corner Detail Showing Butting 
of Interior Partition 
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William S. Haines & Company 

1010-12-14 Wood Street, Philadelphia 7, Pa. 

Manufacturers of 

EQUIPMENT FOR VAPOR AND VACUUM HEATING SYSTEMS 


PRODUCTS— Haines Vento Radiator Traps, Medium Pressure and Blast Type Traps, 
Combined Float and Thermostatic Traps, Air Eliminators, High Pressure Thermo- 
static Traps, Boiler Return Traps, Radiator Valves. 


HAINES F & T TRAPS 

Designed to handle 
large quantities of 
condensation. For 
dripping steam mains, 
unit heaters, hot 
water generators, etc. 
Cannot become air 
bound as it has a 
thermostatically con- 
trolled air by pass. 
Sizes ^ in., 1 in., 1}4 
in. For pressures to 
30 pounds. 


HAINES MEDIUM PRESSURE TRAPS 

A ruggedly 
constructed 
bolted case 
trap. Ideal 
for hospital 
and kitchen 
equi pment 
and all proc- 
ess work 
operating on pressure up to 100 pounds. 


HAINES MODULATING VALVES 

A packless valve 
assuring posi- 
tive and leak 
proof perform- 
ance. Com- 
pletely opens or 
closes or less 
than a full turn 
of handle. Can 
be furnished 
with wheel or 
lever handle or 
lock-shield. 


HAINES RADIATOR TRAPS 

The thermostatic ele- 
ment in all Haines 
Traps is a Bourdon 
tube, charged with a 
volatile fluid and her- 
metically sealed. The 
expans i o n 
and contrac- 
tion of the 
fluid, under 
varying tem- 
perat ures, 
furnishes the 
operating 
power. The 
vertical seat of this trap prevents it 
from becoming inoperative from scale or 
other foreign matter. 

HAINES HIGH PRESSURE TRAPS 

For drip- 
ping high 
pressure 
m a i ns, 
laundry 
equip- 
ment and 
all proc- 
ess fix- 
tures with working pressures up to 125 
pounds. 

HAINES BOILER RETURN TRAPS 

For vapor and 
atmospheric 
heating sys- 
tems. Assures 
positive circu- 
lation by vent- 
ing the air and 
returning the 
water of con- 
densation to the 
boiler. Has no 
stuffing boxes 
or packed joints 
to leak air or 
water. 


Each device is individually tested, factory adjusted and guaranteed, 
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Hoffman Specialty Company 

General Office and Factory 
1001 York Street, Indianapolis 7, Ind. 

Sales Representatives in Principal Cities 


InKanufacturers of Radiator Air Valves, Quick Vents and Air Eliminators for all types 
of Steam and Vacuum Heating Systems-^Steam Traps of all kinds— Radiator Supply 
Valves— Vacuum and Condensation Pumps— and Hot Water Automatic Heat Control 
Systems. 

RADIATOR AIR VALVES FOR STEAM AND VACUUM SYSTEMS 



No. .iO No. 41 No. 4S No. 70 A No. 71 A No. SA No. I A No. S 

and No. 46 

No. 40 Steam — Hoffman patented tongue syphon — in. connection — fixed port. 
No. 41, 43 imd 45 Steam — Straight shank for convectors — telescopic syphon — in., 
Vi in., and % in. male, J4 in. female connections. 

No. 70A Steam — Tongue Syphon — Non -adjustable, single port — 14 in. connection. 
No. 71A Steam — Straight shank for convectors — telescopic syphon 14 in. connection. 
No. lA Steam — Tongue Syphon — ADJUSTABLE air opening — }4 in. connection. 
No. 2A VACUUM— Tongue Syphon— ADJUSTABLE air opening—)^ in. connection. 
No. 3 Steam — For Airline or PAUL systems — ]/% x Vi in. conn. — union tailpiece. 
All radiator air valves operate on 10 lb max. press. 

STRAIGHT SHANK VENTING VALVES 



No. 4 No. 4A No. 16 A No. 74 No. 76 No. 76 No. 79 

No. 4 Steam Mains— Will not close against water— Vi in. male, 3^ in. female connection. 

No. 4A Steam Mains— Float closes against water— ® A in. male, 34 in. female connection. 

No. 16A VACUUM Mains— Float closes against water— Vi in. male, 34 in. female con- 
nection. . , w i. 1 

No. 75 SteamMains—Mediumsystems— has float— Viin.male,34in.feniale connection. 

No. 76 VACUUM Mains— Medium systems— has float— »A in. male, 34 in. female 
connection. 

No. 75A Steam Mains— Large systems at low pressure— has float— 'Vi m. male, 34 m. 
male connection. 

No. 76A VACUUM Mains— Large systems low pressure— has float— ^A m. male, 34 m. 
female connection. 

No. 74 Unit Heater Vent Valve— Operates 0 to 35 lb. Vents air at any pressure and 
whether rising or falling— can be used on steam mains— Vi in. male, 34 in. female 
connection. 

No. 79 Hot Water Vent Valve— Positively removes air from piping of any hot water 
system. Max. pressure 75 lb— *A in. male, 34 in. female connection at baeq a,ncl 
tapped at top for Vi in. pipe connection. 
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LOW, MEDIUM AND HIGH PRESSURE THERMOSTATIC TRAPS 



Low Preygure 



Medium Preeaure High Pressure 


Low pressure traps have brass bodies, caps, and union nut and tail piece. 17C is 
made in Angle, Swivel and Vertical patterns. 8C is made in Angle and Straightway 
patterns. 9C is made in Angle pattern only. Thermostat and seat both renewable. 
No. 17C Capacity 2(K) sq ft EDR 15 lb pressure in. connection 
No. 8C Capacity 400 sq ft EDR 25 lb pressure V 4 in. connection 
No. 9C Capacity 700 sq ft EDR 25 lb pressure 1 in. connection 
Medium Pressure Nos. 8 & 9 and High Pressure Nos. 8H & 9H have all bronze bodies 
and caps with union nut and tailpiece. Thermostats are 6 diaphragms of special non- 
corrosive metal. Thermostats and seats are renewable. Yi in. sizes are furnished in 
Angle, R.H., L.H., and Straightway patterns, others in Angle only. Medium Press. 
50 lb limit. High Press. 125 lb. 

Capacities — Lb Condensate per Hour — ^Working Pressure — Lb per Sq In Gage 


Traps 

6 

15 

25 

50 

1 Traps 1 

25 

50 

100 

125 

8 


100 

180 

235 

400 

8H 

w 

235 

400 

550 

590 

8 

vr 

125 

225 

300 

490 

8H 

vr 

300 

490 

650 

720 

9 


225 

350 

450 

650 

9tl 


450 

650 

875 

950 

9 

r 

325 

500 

625 

850 

9H 1 

p 

625 

850 

1125 

1250 


FLOAT TRAPS, DIRT STRAINERS AND SUPPLY VALVES 



50 Series Ploat and Therm. Traps, are available in large capacities and four pressures, 
15, 30, 60 and 125 lb. Used for venting and draining risers, steam mains, unit heaters, 
blast coils, etc. 50 Scries Traps are made for easy servicing with all working parts 
mounted on cover. Remove four bolts to expose all parts. Pipe sizes are from V 4 in. 
to 2 in. 

Radiator Supply Valves are made in sizes from V 2 to 2 in. in Angle, R.H., L.H., 
and Straightway patterns. Brass bodies, union nut and tailpiece. Nos. 180 and 
1^ have non-rising handles. Both are packless. No. 186 is especially suited to 
vacuum systems. 

Hoffman Dirt Strainers are self-cleaning Y type. Brass strainer cylinders and cast 
iron body. Sizes V 2 to 2 in. for 125 lb pressure. Should be used in line ahead of all 
float and thermostatic traps. Also available with monel metal strainers. 

CONDENSATION AND VACUUM 
PUMPS 

Hoffman -Economy pumps 
are available in varying ca- 
pacities, D.C. and A.C. cur- 
rent, single, two, or three 
phase, and in pressures up to 
200 lb. Also made in single 
and duplex units for differ- 
ent capacities and pressures. 

Vacuum Pump 




Condensaiion Pump 
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HOFFMAN ‘TANELMATIC” HOT WATER SYSTEM CONTROLS 
Designed for all l^s of Radiant Heating 

The Hoffman method vastly improves the ordinary forced hot water system by the 
application of Continuous Circulation, This method permits a smoothly modulated 
regulation of the heat supply. The Control Valve closes and the circulating stream 
'~7-passes the boiler as long as the heat requirements are satisfied. 


T^hen the circulating water begins to lose heat, the Control Valve is slowly opened 
by the Controller, permitting hot boiler water to enter the system. Thus, the delicate 
precision of the Hoffman Controller smoothly varies the temperature of the contin- 
uously circulating water so 
that the heat supply is always 
equalized with tne heat Joss 
and room temperature re- 
mains constant throughout 
all changes in the weather. 

There is no type of build- 
ing to which Hoffman Hot 
Water Controlled Heat can- 
not bo applied. The system 
permits zoning of apart- 
ments, institutions, large 
residences and factories, 
thereby assuring a distribu- 
tion of heat in direct relation 
to either personal tempera- 
ture preference or to the 
functional activities of the 
building. 




r 


— i j 





■W 




, — J 


HEATING COMFORT IS ACHIEVED BY THESE SIX HOFFMAN 

SPECIALTIES 




Hot Water 
Control Valve 

Opens only sufficiently 
to supply the correct 
amount of water to main- 
tain the proper water 
temperature being circu- 
lated through the system. 

Thermometer. Should 
be installed about 6 in. 
from submerged Water 
Temp. Bulb. 


Balancing Orifice 


11. A calibrated orifice 
used to balance the cir- 
cuits through the boiler 
M and through the Hoffman 

circulating pipe. 


The Panelmatic Controller 

The brain of the Hoffman system. It 
automatically maintains a constant comfort 
condition regardless of the outdoor tempera- 
ture. Its accurate balancing mechanism 
electrically opens or closes the Hoffman Hot 
Water Control Valve as required. 


Outdoor Temperature Anticipating Bulb 

This Bulb transmits changes 
I in the outdoor temperature to 
the balancing mechanism of the 
Comfort Controller. 


Hot Water Temperature Bulb 

Accurately relays tempera- 
( ture changes of the supply main 
water to the balancing mechan- 
ism of the Hoffman Comfort Controller. 

Hoffman 
Circulator 

A centrifugal 
pump of pre- 
scribed capacity 
and low in power 
consump t i o n. 
Usually installed 
in the return 
main and continuously circulates the water 
through the system. Continuous operation 
puts less strain and wear on the pump 
motor than intermittent operation as any 
engineer will attest. 
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HOFFMAN INVERTED BUCKET TRAPS 

Working Pressures to 200 lbs 

Simple mechanism assures high operating efficiency. 
Features include— straight-through pipe connection; 
simple seat adjustment; all working parts con- 
nected to bonnet and easily re- 
moved with it; stainless steel seat 
and pin. 


HOFFMAN PRESSURE REDUCING VALVES 

Series 710 Series 700 

Max. High IVessure. . 250 psi. Max. High Pressure. . 200 psi. 

Low Pressure Range 5 to 80 psi. Low Pressure Range 1 to 25 psi . 

(choice of types sjwcifically engineered for your needs — continu- 
ous service, or, for tight sealing against low pressure side when 
there is no demand — and with lypical HoflFinan features of design. 


HOFFMAN TEMPERATURE REGULATORS 

Series 1100— for steam pressure to 150 lb per sq in. 
Standard temperature range— 80°F to 250°F. Other ranges 
available on special order. Self-motivated. Hydraulically 
formed bellows of selected material. Rugged construction. 
For water heaters, convectors, fuel oil preheaters and other 
similar applications. 



Series 1100 



HOFFMAN “ZONET” ZONE CONTROL 

for Steam and Hot Water System Service 
Series 1200 — Zonet systems or packages consist of heat anticipat- 
ing Room Thermostat, motor operated Globe Type Valve, Trans- 
former, Fuse Block and fuse, and in the case of steam zoning, a 
Vacuum Breaker. The motor operated, two position, single 
s(mted, packed globe type Valve (illustrated) is available in sizes 
from Va in. to 6 in. Maximum service pressure; steam 100 lbs per 
8(1 in, water 150 lbs per sq in. 

HOFFMAN ELECTRIC CONTROLS 

for Heating System Equipment 


Hoffman offers a comprehensive selection 
jjS&g of hne quality electric controls for steam, 

hot water and w'arm air heating systems. 
Hll Tlu^se controls are especially suited for 

B|jK use with other famous Hoffman heating 

V system specialties and provide one source 

supply, and one responsibility for 
, satisfactory performance. Illustrated 

are two popular control units, typical of 
Thermostat the complete Hoffman line. 
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ILLINOIS ENGINEERING COMPANY 


General Offices 
and Factory: 

Chicago 8, 111. 



RevresentatiTes 
In Principal Cities 



Illinois Thermo Radiator Traps 

Illinois 
Thermo Ra- 
diator Traps 
for vacuum, 
vapor and 
low pressure 
heating sys- 
tems. Has 
cone type 

Flushes thoroughly and seats perfectly at 
all times. Valve and seat are of hardened 
steel allov. The duplex di^hragm is of 
special phosphor bronze. Scientific de- 
sign and rugged construction assure flex- 
ibility and long life. These diaphragms 
have withstood over three million 
strokes on a breakdown test. 

Ask for Bulletin, 


Series Q 



Vapor Gauge 

Vapaxr Vent Trap Boiler Return Trap 


Illinois Selective Pressure Control 
Systems 



Seltctive 

Controller 


An entirely new and 
unique method of Steam 
Circulation Control . . . 
Heating Systems that set 
new standards in comfort, 
economy, simplicity and 
convenience of operation. 
Each system individually 
engineered to meet exact re- 
quirements. Recorded fuel 
savings, without sacrifice 
of comfort, warrant your 
investigation. 


Illinois Radiator Supply Valve 

Quick - opening, 
packless. Steam 
tight on 50 lb 
pressure. Large 
diameter of thread 
spool and machine 
cut threads make 
valve operation 
easy. Furnished 
in a complete line 
of sizes and pat- 
terns. 

Illinois Vapor System 

A two pipe low pressure steam circu- 
lating system which may be installed in 
type of building, where the conden- 
sate can return to the boiler by gravity. 

A sensitive damper regulator or other 
means of automatic control is used to 
control initial steam pressure above, at 
or below atmospheric pressure. Steam 
is regulated at the radiators by Illinois 
Packless Supply Valves. Condensate 
and air are discharged from the radiator 
through Illinois Thermostatic Radiator 
Traps. In the boiler room a Vapair Vent 
Trap and Boiler Return Trap are in- 
stalled near the boiler. The vent trap 
eliminates air from the system and the 
Return Trap insures return of con- 
densate to the boiler. 

The system and the piping arrange- 
ment are simple. No metering orifices 
or vacuum pumps are needed. This sys- 
tem will be found suitable for many in- 
stallations where low first cost and low 
operating cost are of prime importance. 
May be used with unit heaters or any 
type of radiation. 



Illinois Float and Thermostatic Traps 



SorieeO 


Unsurpassed for 
draining ventilating 
units, unit heaters, 
and for dripping 
mains and risers— 
wherever it is desira- 
ble quickly to vent air 
from the main as well 
as handle the water 
of condensation in 
quantity, whether 
hot or cold. 
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ILLINOIS ENGINEERING COMPANY 


General Offices 
and Factory: 

Chicago By 111. 



Representatives 
In Principal Cities 


ILLINOIS STEAM TRAP 

Valve and 
stem are 
separate 
from the 
bucket and 
ope rated 
only by the 
bucket at 
extreme top 
and bottom 
of travel — 
result — valve 
is always 
either full 
oven or tight 
Series SO closed. Pro- 

vided with continuous thermostatic air 
vent. No wire drawing or cutting of 
valve and seat which arc of hardened 
steel alloy. 

Illinois Thermostatic Traps for High 
Pressures 

Maximum working 
pressure 150 pounds. 
Used where neat appear- 
ance and compactness 
are desirable, as for trap- 
ping sterilizers or water 
stills in hospitals; steam 
jacketed kettles, coffee 
urns, warming tables and 
for process work. Also used extensively 
for air vents on blast type drying heaters. 
Multi-diaphragm of phosphor bronze. 
Heavy duty bronze body. Made in three 
sizes. 

These traps arc also furnished for me- 
dium pressures. Write for literature. 
Steam and Oil Separators 

Eclipse steam sepa- 
rators are made in 
both horizontal and 
vertical type, stand- 
ard or extra heavy. 

Eclipse oil separa- 
tors are furnished in 
the horizontal type 
and have a removable 
baffle plate to facili- 
tate cleaning of baf- 
fle and keeping the 
Separators separator’s efficiency 
at the highest point. 




Series IIG 



Illinois Motorized Valves 
(on and off) 


For automatic 
control of steam 
temperatures and 
pressures to pre- 
vent overheating 
and conserve 
steam; to control 
fluid levels; and 
to regulate flow in 
hot water heating 
systems. May be 
operated by any 
automatic contact 
device or by man- 
ual switches. 

Furnished in 
three types. 



TypeES 


Pressure Regulating Valve, Semi- Steel 
Bodies, Bronze Trim 
Furnished in cither sin- 
gle scat or double seat 
type as service requires, 
for the control of steam, 
air or gas. Control 
spring is completely en- 
closed, protecting it from 
dirt ana rust . V al ves are 
furnished with proper 
size diaphragm and 
proper length spring to 
give satisfactory service 
under all operating con- 
ditions. Furnished also 
in weight loaded type, 

Fig. 71. 

Write for Bulletins. 



Non-return Valves 


Placed between boiler 
and header to prevent 
return of steam to boiler. 
Sensitive in operation. 
Extra heavy semi -steel 
bodies with bronze trim 
for 2^ lbs steam working 
pressure. Bronze dash 
pot and water sealed 
pistons prevent valve 
sticking. Globe and an- 
gle patterns from 4 in. to 
12 in. 



Ft>. m 
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Jas. P. Marsh Corporation 

Dept. 5, Skokie, Illinois 

Branches in Principal Cities 


Marsh products include: Pressure, Vacuum and Compound 
Gauges; Dial Thermometers; Steam Traps; Vents; Packless 
Radiator Valves and other heating specialties. 


Thermostatic Diaphragm 
Radiator Traps 

These efficient traps are equipped 
with a phosphor bronze diaphragm, 
consisting of two wafers of tinned phos* 
phor bronze, drawn and spun to per- 



Thermoalatic Diaphragm Radiator Trap 


fcction of temper. The wafers are spun | 
together and soldered to form a scam- i 
less, sensitive, powerful expanding i 
member — not easily fouled by dirt and 
foreign matter. Diaphragms are 
charged with a volatile fluid making 
them self-equalizing for use on pres- . 
sures below atmosphere to 15 lbs gauge. | 
Traps are factory adjusted. i 


Packless Radiator Valves 

Marsh all-metal packless valves are 
truly packless. These valves contain 



PaeldgM Radiator Valve 


no packing to deteriorate, wear or 
crack, and are simple in design, with 
ample strength where strength is re- 
quired. The principles upon which 
they are designed have been proved 
sound over many years of service. 
Valves operate easily — opening or clos- 
ing tightly with less than one full turn. 
All valves are individually tested. 
Adaptable for use on hot water — 
forced or gravity systems — as well as all 
steam heating systems. 

Marsh No. 12 


Float and Thermostatic Traps 



Float and Thermostatic Trap 


Marsh Heavy Duty Float and Ther- 
mostatic Traps are designed for re- 
moval of air and condensate from steam 
mains, branches, or risers, unit heaters, 
steam coils, etc. The size and weight 
of the trap permits installation in the 
piping without any other means of 
support. Condensation is discharged 
through a float-operated valve located 
at the lowest point inside the trap 
body. Air vent is located in a by-pass 
in the cap or cover of the trap. Air 
passes through a passageway and out 
through the trap outlet. Construction 
permits removal of mechanism without 
disturbing the piping. 



Jas. P. Marsh Corporation 
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Marsh No. 500 
Inverted Bucket Type Trap 



This type is ideal for all typos of hosjn- 
tal and kitehen equipment or similar 
service where a considerable volume of 
condensate is handled. The trap is self- 
venting, which, combined with the large 
water capacity assures unusually high 
efficiency in removing condensate, air 
and gases. 





Marsh No. 17 
Float and 

Thermostatic Trap 


This trap is de- 
signed for removal 
of air and conden- 
sate from short 
s t, e a m mains, 
branches or risers. 
Operating charac- 
teristics adapt it 
for unit ventilators, unit heaters, and 
other equipment subjected to freezing 
temperatures when heating system is not 
in operation. Outlet discharge is water 
scaled at all times. Air vent is located 
in trap bonnet and air is normally dis- 
charged through a j)ort directly to the 
outlet connection. All working parts are 
made accessibh* by removing bonnet. 
The piping is all the support retjuired for 
the No. 17 Trap. 


Marsh Low Pressure Gauge 

The Marsh A.S.M.E. standard, low 
pressure gauge will contribute to the 
economy and improve the om*ration of 
steam boiler. It is finely 
built throughout and is available with 
the Marsh * ‘Recalibrator’* for quickly 


and easily resetting the hand to zero 
when the gauge is knocked out of adjust- 
ment. 

Marsh Gauges include vacuum and 
compound types in a wide range of de- 
signs covering all services and pressures. 
Over 75 years of gauge manufacturing 
has reached its highest achievement in 
the Marsh “Mastergauge” for use where 
liigh pressures and temperatures are 
present and where maximum stamina and 
accuracy are essential. 



Marsh Dial Thermometers 


Have the same basic refinements found 
in Marsh Gauges. Typical Marsh Ther- 
mometers of bourdon tube type in self- 
contained and distant reading types are 
illustrated. They arc availamc in either 
vapor tension or gas-filled types. Bi- 
metallic types of dial thermometers are 
also available. Practically all tempera- 
ture ranges up to 750° F. are covered. 
The “Rccalibrat-or” is standard in all 
Marsh bourdon tube type thermometers. 
The Marsh line also includes recording 
thermometers. 



Ask for complete information covering any problem involving traps, 
vents, gauges, dial thermometers, packless valves, etc. 
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Sarco Company, Inc. 

Empire State Bldg., New York 1, N. Y. 

Branches In Principal Cities 

SARCO CANADA LIMITED, 496 Chubch St., Toronto 5, Ont. 


PRODUCTS — A complete line of Specialties for Steam and forced hot water Heating 
Systems, and automatic control for same, combined with a competent engineering 
service to architects and heating engineers to assist them in providing modem heating. 



Radiator Trap, Type H 


SARCO RADIATOR TRAPS 

Type H is the standard radiator trap for vapor and 
vacuum systems. It is equipped with the well known Sarco 
heavy walls bellows, drawn from flat blanks and helically 
corrugated in our own plant. It operates noiselessly and 
positively at pressures from highest vacuum to 25 psi. 

Body and cap are of cast brass, rough brass finish; self- 
ali^ning valve head and renewable seat of hard bronze; 
union connection on inlet. 



Radiator Valves 

Type 4S Type 8M 


Available in in. and % in. sizes, angle, 
straightway or corner offset patterns; also 1 
in., angle style only. Catalog No. HV-160. 

SARCO RADIATOR VALVES 

Sarco offers two types of valves; bellows 
packless type 45 wherein the valve stem is 
sealed by a standard Sarco bellows, posi- 
tively preventing air leakage into the heat- 
ing system; also ‘^spring-loaded -packless” 
type SM. Both can be furnished with the 
modulating feature, including proportion- 
ing disc and indicating dial. 



N^100 Medium Pressure Trap 



Floai-Thermostalic Trap 



Inverted Bucket Trap 


Valves are made in angle and straightway patterns, wheel 
handles or lock shield tops. Also available for hot water 
systems. 

Bodies of all valves are cast brass, rough brass finish; out- 
let fitted with unio connection; sizes Yi in. to in. Cat- 
alog No. HV-150. 


SARA N-lOO TRAP 

For high pressure radiators and heating coils in stationary 
and marine service, and for hospital and kitchen equipment. 
Has full length protecting shield and stainless steel valve 
head and seat. Sizes % in. to 1 in. pressures to 100 lb. 
Catalog HV-190. 

Also S-65 for pressures to 65 psi. 

SARCO FLOAT-THERMOSTATIC TRAPS 

For dripping ends of mains and risers, and for stack or 
blast heaters, large unit heaters and hot water generators. 
Automatic thermostatic air vents built in. Available in six 
sizes with connections ^ in. to 2 in. Pressures up to 200 psi. 
Catalog HY-IBO. 

SARCO INVERTED BUCKRT TRAPS 

Are reconunended for high pressure unit heaters and some- 
times preferred for kitchen and laundry equipment. Strain- 
ers are built right into these sturdy traps. Seats and valves 
are stainless steel and renewable. Automatic air vents can 
be furnished for extra rapid removal of air. Available in 
sizes y in. to 2 in. for pressures up to 900 psi. Catalog 
HV-SSO. 
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SARCO ALTERNATING RECEIVER 

A complete line of boiler return traps for vapor 
systems. Returns water of condensation to boiler 
automatically, thereby assuring positwe return of 
water under all pressure conditions. 

Made in four sizes for up to 14,000 sq ft of radiation. 
Catalog HV -166. Same type available as a pumping 
trap for pressures to 100 psi. 


♦ SARCO AIR ELIMINATORS 

For venting air from vapor systems at one 
central point in the basement. Available in 
three sizes, for systems up to 15000 sq ft ra- 
diation. All are equipped with float valves 
to stop water escaping through the vent 
and with check valves to prevent ingress of 
air when system is under vacuum. 

Also several types for hot water heating systems. 
Catalog HV -170 


SARCO SELF-CONTAINED 
TEMPERATURE REGULATORS 

Sarco Temperature Regulators are simple self- 
operated valves — the only self-contained units that 
use the irresistible force of liquid expansion. No 
stufling boxes to leak no auxiliary ‘‘power*’ required; 
all moving parts are inside the equipment. Here 
again — a type and size for every purpose — for steam, 
gas, oil, water or brine for temperatures ranging from 
0 to 300° F. Catalog HV-600. 



Alternating Receiver 



Type TR‘tl 
Standard for hot 
water storage 
tanks t fan units, 
etc. 



Water Blender 
Type MB 


SARCO WATER BLENDERS 
AND TEMPERING VALVES 

For mixing hot and cold water to deliver automatically water 
at any desired temperature. Two models are available, type 
MB for showers, wash basins, etc., and type DB, a tempering 
valve for use with submerged heating coils or tankless heaters. 
Catalog HV-800. 

SARCOTHERM HOT WATER HEATING SYSTEM 

A simple, all -mechanical system for the control of radiator 
temperatures in direct relation to outside temperatures. Radi- 
ation is balanced by Sarcoflow fittings in the radiator outlets. 

The Sarcotherm three-way valve recirculates a varying pro- 
portion of water around the boiler and back to the system as 
dictated by the thermostatic bulb outside the building. Write 
to Sarcotherm Controls, Inc., 280 Madison Ave., New York 16, 
N. Y. for Catalog No. HV-1. 


SELF-CLEANING STRAINERS 

For use in pipe lines carrying brine, 
steam, oil, gas, water, ammonia or air. 
Have large free screening area with mini- 
mum resistance to flow. Steam or air 
strainers can be cleaned by blowing 
through without disassembling. Made 
in cast iron, bronze or cast steel for pres- 
sures up to 600 psi, with brass, iron or 
monel screens. Available in sizes to 8 in. Catalog No. 
HV'ISOO. 




Water Blender 
Type DB 



Sartotherm Weather 
Contrei VoIm 
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WARREN WEBSTER & COMPANY 

Pioneers of the Vacuum System of Steam Heating 


HEATING SYSTEMS 


Main Office and Factory : 

Camden, New Jersey 

REPRESBRTATIVES 


UNIT HEATERS 


Albany 6, N. Y. 

•H. A. Bond 
152 Washington Ave. 
Albuquerque, N. M. 

V. C. Finnej^ 

505 N. Morningside Ave. 
Atlanta 3, Ga. 

*£. W. Klein 
152 Nassau St.. N.W. 
Atlantic City, N. J. 

•B. H. Strouse 


Dallas 4, Tex. 

*J. R. Dowdell 
4024 Swiss Ave. 
Davenport, Ia. 

H. H. Evanson 
2121 Main St. 
Denver 4, Colo. 
*H. 11. Herman 
1228 California St. 
Des Moines 9, Ia. 
H. £. Drain 


\ Guarantee Trust Bldg. 506 Securities Bldg. 


Auburn, Maine 
Emmet W. Dingman 

B. F.D. S2 
Baltimore 18, Mn. 

•H. M. Harris 
2301 N. Charles St. 
Birmingham 3, Ala. 
•Haydn Myer 
2224 Comer Bldg. 
Boston 10, Mass. 

•J. F. Tuttle 
127 Federal St. 

Buffalo 2. N. Y. 

•Wm. Roebuck, Jr. 

502 Jackson Bldg. 

Butte, Mont, 

•T. J. Sullivan 
909 E. Second St. 
Chattanooga 2, Tenn. 

C. E. Mills 

801 James Bldg. 

Chicago 6, III. 

P. W. Stickney 
549 W. Washington Blvd. 
CiNaNNATi 2, Ohio 
•G. B. Houliston 
707 Race St. 

Cleveland 15, Ohio 
•A. L. Vanderhoop 
233 Hanna Bldg. 
Columbus 15, Ohio 
*R. A. Wilson 
20 S. Third St. 


Detroit 2, Mich. 

A. B. Knight 
8316 Woodward Ave. 
Easton, Pa. 

J. N. Stipe 
207 Burke St. 

Grand Rapids 2, Mich. 
•Hero D. Bratt 
33 Pearl St., N.W. 
Harrisburg. Pa. 

Fred W. Scnimmel 
279 Boas St. 

Houston 1, Tex. 

•R. B. Johnson 
1017 Rosine Street 
Indianapous 4, Ind. 

•S. E. Fenstermaker 
333 N. Pennsylvania St, 
Kansas City 2, Mo. 

•F. N. SchfUid 
Westport Bank Bldg. 
Los Angeles 13, Calif. 
•R. M. Gunzel 
320 Crocker St. 
Louisville 4, Ky. 

Clarke Kaye 
519 Barret Ave. 
Memphis 3, Tenn. 

•T. J. O’Brien 
1030 Exchange Bldg. 
Milton, N. Y. 

(Near Poughkeepsie) 
Winfield C. Bailey 


Milwaukee 3, Wis. 

A. M. Freeman 

6088 Plankinton Bldg. 
Minneapolis 2, Minn. 
•If. E. Gerrish 
1111 Nicollet Ave. 
Newark 2, N. J. 

Edward Mayr 
1060 Broad St. 

New Haven 10, Conn. 
11. R. Briggs 
902 Chapel St. 

New Orleans 12, La. 
*W. H. Grant, Jr. 

209 Vincent Bldg. 

New York 16, N. Y. 

J. F. Hanbury 
95 Madison Ave. 

North Hero, Vt. 

H. J. Clark 
North Hero, Vt. 
Oklahoma City 1, Okla. 
•F. X. Loeffler 
1604 N.W. Fifth St. 
Omaha 2, Nebr. 

M. £. Wain 
18th and Douglas Sts. 
Orlando, Fla. 

G. R. Macnamara 
. 210 8. Main St. 
Philadelphia 3, Pa. 
•Karl Rugart 
26 South 20th St. 
Pittsburgh 22, Pa. 

•R. B. Stanger 
1005 Empire Bldg. 
Portland 4, Ore. 

D. R. Miiiiro 
112 S.W. Pino St, 
Raleigh, N. C. 

B. C. Allen 

239 Fayetteville St. 
Richmond 19, Va. 

W. W. Neale 
16} N. Ninth St. 


Rochester 4, N. Y. 

•L. M. Hakes 
Reynolds Arcade Bldg. 
Saginaw, Mich. 

W. A. Witheridge 
2340 Mershon St. 

St. Louis 3, Mo. 
liester-Bi^ley Co. 

2835 Washington Blvd. 
Salt Lake City 4, Utah 
•R. C. Midgley 
44 W. 8 St., South 
San Antonio 5, Te.v. 

*R. S. Ryden 
403 Insurance Bldg. 

San Francisco 11, Calik. 
•E. H. Goi.vs 
420 Market St. 

Seattle 4, Wash. 

•W. W. Cox 
326 Columbia St. 
Spokane 15, Wash. 

J. C. Kelly 
2932 E. Trent Ave. 
Syracuse 2, N. Y. 

R. H. Bacon 
214 E Favette St. 
Toledo 2, Ohio 
•F. C. Richardson, Jr. 
402 Colton Bldg. 

Tulsa, Okla. 

Guy J. Griffin 
Loeffler-Greene 
Supply Co., Box 1137 
Washington 5, D. C. 

11. S. Ivins 

816 Union Trust Bldg. 
Wichita 2. Kanh. 

•Ray F. Bauer 
434 N. Rock Island St. 
Wilkes-Barre, Pa. 

A. H. Ross 
1018 Miners Nat’l. 

Bank Bldg. 
Wilmington, Del. 

Wm. J. Robinson 
P. O. Box 1501 


* Member of American Society of Heating and Ventilating Engineers. 


Licensees and Manufacturers for Canada and Newfoundland: 
DARLING BROS., LTD., P. O. Box 187, Montreal, Canada 


THE COMPANY 

Warren Webster & Company have sentatives listed above. These engineers 
specialized for sixty years in the field of are thoroughly conversant wdth methods 
steam circulation and steam distribu- and equipment to control steam distribu- 
tion, particularly vacuum, vapor and low tion and heat transfer, assuring maxi- 
pressure steam heating of building, and mum heating effectiveness with minimum 
medium pressure steam in industrial and fuel or steam consumption. Webster 
process heating applications. Representatives are prepared to supply 

The specialized experience of the Com- on request full technical, availability 
pany is available through engineers at and price information on all Webster 
the Home Office and through the Repre- Systems and Products. 
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WEBSTER HEATING SYSTEMS 

There is a type of Webster Heating 
System to meet practically every need 
and purpose. Tnese include Webster 
Steam Heating Systems for larger build- 
ings of almost every type, and Webster 
Baseboard Heating, a hot water system 
particularly suited for small residences 
and other small buildings. 

Webster Steam Heating Systems arc 
low pressure, two-pipe systems in which 
steam is delivered to radiators and other 
heating surfaces through supply piping 
and water of condensation and air are 
removed through separate return piping. 
Webster Radiator Valves and Thermo- 
static Traps are installed respectively on 
the supply and discharge connection of 
each radiator. Webster thermostatic or 
float and thermostatic traps assure re- 
moval of water of condensation and air 
from the piping. 

Available with vacuum return, or with 
open return (vented to the atmosphere) 
with either Condensation Pump or 
Boiler Return Trap and Vent Trap to 
return water to the boiler, or with Vent 
Trap alone where condensate is wasted 
to the sewer, or in appropriate small 
installations. 

Webster Vacuum System— A conven- 
tional vacuum heating system in which 
the return mains are joined together and 
connected to the suction end of one or 
more vacuum pumps which remove air 
and water of conoensation and assists 
circulation by maintaining a lower pres- 
sure in the return than in the supply 
piping. 

Webster Type “R” System— A two- 
pipe, low pressure or vapor heating sys- 
tem. Water of condensation is returned 
to the boiler by gravity, prompt return 
being assured regardless of variations in 
boiler pressure through the operation of 
a Webster Boiler Return Trap and Vent 
Trap in combination. lOquipment is 
available in sizes to care for systems 
ranging from the smallest to 16,0(K) sq^ ft 
EDR. Where desired, or where gravity 
return is not possible, a Condensation 
Pump may be substituted for the Boiler 
Return Trap Combination. 

Webster Type “V" System— Employs 
only a Webster Vent Trap. For instal- 
lations of 1000 sq ft ICDR or less wdth oil 
burner, stoker or gas burner; with va- 

? orstat having cut-in pressure of about 
, i lb and cut-out pressure of about % lb 
(not pressurestat), lockswitch or protec- 
tor relay and one or more key room 
thermostats. Vent Trap at anmle height 
above water level. Boiler Protector, 
or at least a low water cut-out. 


Healing Systems < 

Webster Moderator Systems— These 
are all Webster Steam Heating Systems 
with vacuum or open return to which are 
added (a) accurately sized metering ori- 
fices in radiators and other heating sur- 
faces to balance distribution and permit 
^‘partial filling** of all radiators practi- 
cally simultaneously and at various 
rates of steam flow, (b) Automatic con- 
trol by Outdoor Thermostat for varia- 
tions in outdoor temperature, (c) Manual 
Variator to provide for convenient ad- 
justments for heating up, reduced night 
heating, shut off, etc. 

“E** Series Moderator Controls — In 

this series the Outdoor Thermostat and 
Variator position a motor-operated 
Steam Control Valve through an 
Electronic Differential Pressure Control 
Cabinet to produce continuous steam 
delivery and heating effect at the radia- 
tors with automatic variation in heating 
for changes in outdoor temperature and 
automatic adjustment to compensate for 
variations in steam supply pressure. 

**£H” Series Moderator Controls — In 

this series the Outdoor Thermostat and 
Variator may control a motor-operated 
steam valve or directly control oil or gas 
burner or stoker through a cycling Con- 
trol Cabinet. Steam delivery is inter- 
mittent but in short cycles so that heat- 
ing effect is substantially continuous, 
particularly with cast iron radiation. 

Webster Continuous Flow Control — for 

forced circulation Hot Water Heating 
Systems . Outdoor Thermostat and Var- 
iator control throttling-type valve or di- 
rectly control oil burner, gas control or 
stoker motor. Water flows continuously 
through the system. Heating is con- 
tinuous and adequate at all times. Ap- 
plicable to Baseboard, Convector, Radi- 
ator or Panel Heating. 

Webster Baseboard Heating— A pat- 
ented forced circulation hot water heat- 
ing system in which the heating element 
fits behind a specially built metal b^e- 
board. Air enters at the floor line, 
passes over the finned heating element, is 
w^armed and comes out of slots at the 
top of the base -board. The heating 
element is a copper tube with copper 
fins running in a continuous loop around 
the exposed walls of the house — a sepa- 
rate loop for each floor. 

Uses less material and less labor than 
conventional radiator heating systems, 
while providing all the advantage 
claimed for forced hot-water, plus 
radiant effect from warmed baseboards 
and walls, plus natural convected air 
movement essential to comfort. Tem- 
peratures vary less than 2 deg from floor 
to ceiling. 
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STEAM HEATING AND 

Radiator Valves—Choice of spring re- 
tained packing, Type BW-P or Sylphon 
Bellows Packless Series 600-S. in., 
^ in., 1 in., 1)^ in. sizes. In angle, right 
and left hand; straightway, with single 
or double union. Spring retained pack- 
ing. For low pressure vapor and vacuum 
steam heating service. 

Double Service Valve — in. and 1 in. 
sizes. Incorporates Webster Thermo- 
static Trap and Webster Radiator Sup- 
ply Valve in a single compact unit. 
Drips down-feed riser and serves as 
supply valve to radiator or convector. 
Saves six fittings and installation work. 

Thermostatic Traps — Series “7** (dia- 
phragm type) and Series “5” (bellows 
type) for radiators and drips. K in-, 
% in. and 1 in. sizes. There are six 
body models for the H in. size alone. 
Maximum pressure, 25 lbs per sq in. 
For low pressure vapor and vacuum 
steam heating service. Series “78*' for 
process. % in., ]/2 in., H in. and 1 in. 
sizes. Class 2 for pressures of 60 to 150 
lbs. Used to discnarge air and water 
from heating coils of any apparatus 
using steam at process pressures. 

Heavy Duty or Drip Traps— Series 
“26** Float-and-Thermostatic for heat- 
ing and air conditioning. Most used 
sizes: 00026, 0026, 026. Pressures up to 
15 lbs per sq in. Made for the pressure 
and capacity conditions encountered at 
all drip points. Series “79** Float-and- 
Thermostatic for process . For pressures 
up to 150 lbs per sq in. For use where 
large volumes of hot condensate must l>e 
handled more quickly than is possible by 
thermostatic traps alone. 


PROCESS SPECIALTIES 

Dirt Strainers— H in. to 6 in. sizes. 
Maximum working pressure 150 lbs per 
sq in. Placed ahead of traps in return 
lines of steam-using equipment and 
steam heating systems to catch dirt and 
other particles, preventing them from 
impairing the tightness of the traps. 

Boiler Protectors — One size, with in. 
connections with or without electrical 
cut-out switch. Maximum pressure 15 
lbs per sq in. Maximum cold water main 
pressure, 150 lbs per sq in., minimum not 
less than 25 lbs per sq in. Prevents 
breakage in low pressure heating boilers 
when the water level becomes inade- 
quate. 

Vacuum Pump Governors — In sizes % 
in. to 3 in. Standard valve furnished for 
pressures up to 150 lbs per sq in. Special 
valve available for nigher pressures. 
Govern flow of steam to steam-driven 
vacuum pumps. 

Suction Strainers — ^Maximum working 
pressures 15 lbs per sq in. Installed 
ahead of vacuum pump to prevent dirt 
from damaging pump. 

Vacuum Breakers— Sizes % in., 1 in. 
and 1)4 in. adjustable on job. Size H in. 
for radiators is factory adjusted. For 
automatic breaking of vacuum at pre- 
determined setting in heating systems, 
feed water heaters, hot water generators, 
industrial pressure chambers, etc. 

Expansion Joints — Crosshead or in- 
ternally guided. In single slip and 
double slip models in most widely used 
pipe sizes. For pressures up to 200 lbs 
er sq in. For steam, hot water, hot oil , 
ot gas, and condensate return lines. 


RADIATION AND HEATING SURFACE 

Webster System Convector Radiation— rigidity of the tubing and the develop- 

Non-ferrous convector radiation. Each ment of a new method of manufacturing 

Webster System Radiator includes a com- has produced a fin surface of unusual 

E lete enclosure of furniture steel with rigidity, free of expansion and contrac- 

aked prime coat. Contained within the tion noises, 
enclosure is a prefabricated unit, combin- Webster T3q)e WI Extended Surface 
ing heating surface, valve, trap and Radiation — Covered by patents and pat- 

union connections, shipped ready to con- ents pending. Completely non-ferrous, 

nect to supply and return piping, being made up of specially annealed cop- 

Webster System Radiation was first per tubing with rib -reinforced, square 

offered in 1932. From its introduction pressed aluminum fins. Available in two 

until withdrawal from the market be- fin sizes. 3 in. fin size in 2, 3, 4, 5, and 6 

cause of war conditions, more than 1,000 ft; 4 in. fin size in 2, 4, 6 and 8 ft lengths, 

installations were made. Can be used to advantage in many build- 

Now, available in an improved design, ings with steam or hot water heating, 

using the same basic material, copper particularly where floor space or vertical 

tubing and aluminum fins. Increased wall space is limited. 
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WEBSTER-NESBITT UNIT HEATERS 

Are manufactured by John J. Nesbitt, Inc., Philadelphia 36, Pa., and are distributed 
solely through Warren Webster & Company, Camden, New Jersey. Designed to 
circulate large volumes of air at comparatively low temperatures, assuring quick 
heating. 

Ratings of Webster-Nesbitt Unit Heaths are based on tests made in accordance 
with standard test code of Industrial Unit Heater Association and A.S.H.V.E. 


PROPELLER FAN UNIT HEATERS 

Designed to in- 
corporate four 
characteristics 
essential to 
both proper 
application and 
satisfactory 
performance : 
1.) Selective 
range of sizes. 
Manufactured 
in nine sizes. 
Heating capaci- 
Fig. 1. Standard ties vary from 

Propdlar-Fan Type. 34,700 tO 338,000 

Btu per hour. Air deliveries from 470 to 
4800 cfm. 2.) Quiet Operation. All fans 
have blades of exceptionally large areas 
and of a shape to impart a gradual accel- 
eration to the air stream. Ample spacing 
is maintained between the fan and heat- 
ing element. Motors are of sleeve bear- 
ing type and equipped with isolators. 
3.) Durable lightweight Heating Elements. 
Extended fin-and-tubc type, constructed 
of copper condensing tubes and plate- 
type aluminum fins. 4.) Modern Casing 
Design. Compact suspended type. W-N 
126. 



GIANT UNIT HEATERS 

Sturdy blower-fan 
units for the econom- 
ical heating of large 
areas. 

Standard (Non- 
Thermadjusi) type. 
Used principally 
where heating is by 
recirculation 
and where 
heat output is desired 
during period of 
^ operation. 

Fig. 8. Blower -F an Type Thermadj USt Type 
Employs dampers in front of casing and 
over face of heating element to provide 
mixing of unheated and heated air, pro- 
ducing heat output in accordance with 
requirements and continuous circulation 
of air volume. 

Valve Controlled Type. Unit is of 
standard casing arrangement but 
equipped with Nesbitt Heating Surface 
and Steam-distributing Tubes which 
allows for automatic control of heat 
output. 

Floor mounted, wall mounted, ceiling 
suspended, from 101,()(K) Btu, 2580 cfm, 
to 1,008, 000 Btu, 17,800 cfm. Pub.W-Nl28. 


SERIES “R” UNIT HEATERS 

A neat, furniture steel cabinet enclos- 
ing a copper tube, aluminum fin heating 
element adaptable for steam or forced 
hot water systems ; and two to five 
centrifugal fans belt-driven from an elec- 
tric motor. Universal design offering 
wide flexibility. Especially adaptable 
where low noise levels are desirable. 
Variable-pitched motor sheave permits 
low or high speed operation of fans. 
Available in four sizes. Air deliveries 
with standard drive range from 518 to 
18^ cfm. Steam heating capacities 
range from 158 to 588 EDR. Send for 
Catalog W-N 133. 



Fig. i. Series “J?” Unit Heater. 


LITTLE GIANT UNIT HEATERS 

Adaptable to a 
w’ide variety of 
applications and 
field conditions. 

Seven basic sizes, 
each with a choice 
of two (some units 
three) heating ele- Fig. t. Down-Blow Type. 
raents. The three smaller sizes are of 
the blow -through type, having low^er out- 
let velocities generally intended for the 
lower mounting heights of commercial 
installations. These sizes are made in 
dowm-blow type only. The four larger 
models are of the draw -through type, and 
produce the high discharge velocities 
necessary to blow long distances. These 
four models are available in either hori- 
zontal or vertical down-blow arrange- 
ments. 

Non-ferrous all-purpose heating ele- 
ments designed for steam pressure up to 
200 lb. gauge, saturated, and sturdy cas- 
ings of modern design. Heating capaci- 
ties range from 28,500 to 348,000 Btu 
basic steam ratings. Send for publica- 
tion W-N 134. 
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Morehead Manufacturing Co. 

2455 W. Warren, Detroit 8, Mich. 


MOREHEAD BACK-TO-BOILER SYSTEMS 
TILT-TYPE RETURN TRAPS VACUUM AND CONDENSER TRAPS 

TILT-TYPE NON-RETURN TRAPS THREE-VALVE LIFT TRAPS 


RETURN TRAP. Completely ef- 
ficient method of draining all types 
of heating, cooking, drying, evapo- 
rating and processing machines. 
Returns hot condensate to boiler 
as boiler feed water at its original 
high temperature. Consumes only 
about 10 per cent of the steam re- 
quired by a pump. Deaerates 
boiler feed water. Automatic 
operation. All parts arc outside 
readily accessible. 

NON-RETURN TRAP. Primarily 
designed for drainage of steam 
headers, separators and all appa- 
ratus where the condensation is to 
be disposed of by means of the 
steam pressure from the space 
drained. Condensation flowing to 
the non-return traps forms a con- 
tinuous path—once the tank tilts 
to empty, it will continue empty- 
ing as long as water continues to 
flow. 



Mwehead Return Trap. All traps are similar in 
appearance and size. 


THREE-VALVE LIFT TRAP. Designed 
for draining condensate from low pres- 
sure, vacuum or varying pressure appa- 
ratus. Will also drain low pressure 
machines into higher pressure lines. Effi- 
ciently used as a lift trap in a double 
trap system. Lifts two feet for each 
ound of pressure. Will not steam or air 
ind. Not affected by temperature of 
incoming condensate. 

WRITE DIRECT TO THE FACTORY 
for additional information and the name 
of your nearest Morehead representative. 


DIMENSIONS APPLICABLE TO 
ALL TYPES OF MOREHEAD TRAPS 


Height 

Inches 

Width 

Inches 

I.iength 

Inches 

Net 

Weight 

Pounds 

Shipping 

Weight 

Pounds 

Sit 

at 

3li 

120 

166 

28| 

17i 

35 

160 

226 

34 

21 

44 

240 

320 

36» 

2U 

61* 

286 

350 


30 

68* 

500 

600 

40 

30 

68* 

520 

700 


DIMENSIONS AND CAPACITIES* OF MOREHEAD TRAPS 


Trap Size 

Size of Drum 
Inches 

Size of Inlet 
and Outlet 
Connections 
Inches 

Size of Steam 

Capacity of Water in Lbs. 
Per Hour 

Return 

Trap 

Non- 

Return 

Trap 

1 Three 
Valve 
Lifting 
Trap 

Pi pe Connec- 
tions Inches 

Return 

Traps 

Non- 

Return 

Traps 

Three 

Valve 

Lift 

Trar>s 

1 

21 

1 31 

10 X 24 

1 

1 

1060 

2800 

3000 

2 

22 

1 32 

12x30 

IK 

! 1 

1860 

6000 

5000 

3 

23 

1 33 

14 X 36 

iH 

IK 

4000 

11000 

10000 

4 

24 

34 

16 X 40 

2 

IK 

6000 

13600 

14000 

6 

26 

36 

18 X 42 

2H 

2 

11000 

14700 

20000 

6 

26 

36 

18x 42 

3 

2 

15000 

17600 



Based on 60 lbs pressure per sq in. 
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Yarnall-Waring Company 


Manufacturers of 


Steam Specialties 


133 Mermaid Ave., Philadelphia IS, Pa. 


YARWAY IMPULSE STEAM TRAPS 


Construction — The Yarway Impulse 
Steam Trap is unique in that there is 
only one moving part, the simple valve 
(F). This trap is made of bar stock 
throughout, no castings used. For pres- 
sures up to 400 lb, body and bonnet of 
cold roiled steel, cadmium plated; cap 
of tobin bronze, valve and seat of heat 
treated stainless steel. For pressures 
400 to 600 lb, trap is all stainless steel. 

Operation — Movement of valve (F) is 
governed by changes in pressure in 
control chamber (K). At lower tem- 
peratuHis, condensate bypassing con- 
tinuously through orifice in center of 
valve reduces chamber pressure below 
inlet pressure and valve opens, allowing 
free discharge of air and condensate 
through seat. As condensate approaches 
steam temperature, low chamber pres- 
sure causes vaporizing and the increased 
volume builds up pressure in control 
chamber, closing valve (F). 

Other Advantages 

Light Weight— Y arwa,y traps need no 
support — ]/2 in. trap weighs only lb. 
2 in. trap weighs lb. 

Small Size — ("an be installed in 
cramped quarters- }^ in. trap measures 
2)4 in. long— 2 in. trap, 4Ji in. long. 

Will not air bind. Require no 'priming. 

Insure quick heating. 

Low Price — Often cheaper than repair- 
ing old traps. 

Factory set to operate at all pressures 
up to 400 lb (or 600 lb) without change 
of valve seat. 

Send for descriptive Bulletin T-1739. 



List Prices, Weights and Dimensions 

No. 60 Series— up to 400 lb and 
No. 120 Series— up to 600 lb 


Size 

Trap 

Complete 

Weight 

Pounds 

Length 

Inches 

yi" Nos. 60 or 120 

315.00 

IK 

2K 

ysT Nob. 61 or 121 

22.00 

2 

3 

V' Nos. 63 or 123 

31.00 

2K 

3H 

Nos. 64 or 124 

48.00 

4 

3K 

Nos. 66 or 126 

68.00 

5K 

4K 

2* Nos. 67 or 127 

90.00 


4K 


Yarway Fine-Screen Strainers offer 
better protection against rust, scale and 
dirt for all steam equipment. 

Made in ten standard sizes from ^ in. 
to 3 in. Cadmium plated bodies. High 
grade Monel woven-wire screens. Many 
thousands in use. Write for Bulletin 
S-201. 


YARWAY EXPANSION JOINTS 


All-steel welded construction; lif^ht 
but strong. (Chromium covered sliding 
sleeves. 



Cylinder guide and stuffing box integral, 
assuring perfect alignment. Internal 
limit stops. Gun-pakt and Gland- 
pakt types: Gun-pakt (illustrated) 
fitted with screw guns which permit 
addition of plastic packing while 
joint is under pressure. Sizes 2 in. 
to 24 in., single end or double end, 
flanged or welding ends; 150, 300 and 
400 lb pressures. Also all -brass 
joints, % in. to 2 in. For additional 
details send for Bulletin EJ-1912. 
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The Dole Valve Company 

Main Offices and Factory: 1933 Carroll Avenue, Chicago 12, 111. 

WATER MIXERS ^ STAR LINE 

THERMOSTATIC AIR AIR AND VACUUM 

CONTROL ^ VALVES 


“DOLE THERMOSTATIC AIR CONTROL” 



FOR FORCED 
WARM AIR 
HEATING 
SYSTEMS 


PROVIDES INDIVIDUAL ROOM TEMPERATURE CONTROL 


•Operates thermostatically from room air temperature. 

•Extremely Sensitive: Modulates output to meet heat requirements. 

• Completely self-contained; no wires to run — no bulbs to locate — simple to install. 
Replaces standard forced warm air registers. 

• Simple setting of the thermo-dial assures room 
temperature as desired — corrects many unsatis- 
tory heating installations. Materially improves 
any forced warm air system. An automatic 

• A fully automatic zone control for every room. 
Dole Air Controls are available in two sizes and 
will fit the following stackhead openings: 

With an adapter 

lO'' will fit— 12" will fit— 12" will fit— 
10" X 4" 12" X 4" 14" X 4" 

10" X 5" 12" X 6" 14" X 5" 

10" X 6" 12" X 6" 14" X 6" 

An adapter is available for baseboard 
installation of these Controls. 



t Ddc 1^0. to 

FvUy AtUomatie 
Hot -^tr 



DOLE AIR AND VACUUM VALVES 

The Dole line covers every venting need on one pipe 
steam and hot water heating systems and offers a 
complete choice for every purpose. 

DOLE WATER MIXERS 

Dole Water Mixers provide safer, tempered domestic 
hot water on all tankless heater and storage tank 
installations. Available in 3 sizes, H in., ^ in., and 
1 in. 
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Jenkins Bros. 

80 White Street, New York 13, N. Y. 

* 

Bridgkpobt, Conn.; Bobton, PHniADELFHXA, Chicago, San Fbancisco, Atlanta 
— LOOK FOR THIS DIAMOND MARK 

Leading Supply Houses Everywhere Stock Jenkins Valves 


.JENKINS: 

^MARK . 




Jenkins VALVES for LIFETIME SERVICE 



FOR EVERY NEED 

JENKINS CATALOG LISTS OVER 500 VALVES 


Consult Jenkins Catalog for complete 
details on more than 500 different valves 
that cover practically all industrial 
plumbing and heating, and engineering 
requirements. Below is a brief list. 

All-Iron Valves, — globe, angle, gate; 
Angle Valves, — bronze, steel, and iron 
body with bronze mounting or trimming. 

Blow-Off or Y Valves,— bronze and 
iron. 

Electrically Operated Valves, Gates, 
Globes, Angles, Fire Line Valves; Floor 
Stands; Foot Valves for gasoline service. 

Gate Valves,— bronze, iron, steel; with 
solid wedge or double disc paralle seats; 
with removable bonnet and renewable 
bushing. 

Globe Valves, — bronze, iron and steel; 
one piece and union bonnets; renewable 
and integral seats; rubber composition 
or metal discs and plugs. 


Horizontal Check Valves,— bronze, iron 
and steel; Hose Valves; Indicator Posts; 
Lock Shield Valves. 

Needle Valves; Non-Return Valves; 
Quick-Opening; Self-Closing Valves. 

Radiator Valves; Rapid Action Valves; 
Regrinding Valves; bronze and iron body 
with bronze trimming; renewable plug 
seats and bevel seats of a special nickel 
alloy in globe, angle, check and swing 
chock patterns. 

Selclo Valves ; Stop and Check Valves,— 

combination or automatic equilizing: 
Swing Check Valves,— bronze, iron and 
steel. 

Stainless Steel Valves, — globe, angle, 
gate and check. 

Underwriters* Pattern Valves,— check 
and gate; Whistle Valves; Waterworks 
Valves. 
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PRODUCTS 


The Philip Carey Mfg. Company 

Lockland, Cinciimati 15, Ohio 

District Offices In All Principal Cities 


CAREYDUCT is recommended where- 
ever quietness, ease of installation, fire 
safety, fume resistance and good appear- 
ance are desirable or essential. Widely 
used in air conditioning systems. Carey- 
duct has proven itself on some of the 
largest governmental industrial and com- 
mercial installations in the country. 

Write for engineering performance and 
installation data. 

ACOUSTICAL. Careyduct is a natural 
sound absorber and non-conductor of 
sound. Quiets fan noise; won’t pick up 
and telegraph” other outside noises. 

INSULATED. High-efficiency insula- 
tion assures delivery of hot or cold condi- 
tioned air to outlets with minimum 
change in temperature. 

AIRTIGHT. Won’t “breathe” or vi- 
brate at high velocities. Slipjoint con- 
struction prevents leakage. 

SAVES SPACE. Being 40% to 50% 
quieter than ordinary duct, Careyduct 
handles higher velocities, permitting the 
use of smaller sized ducts. 

♦EASY TO INSTALL. Prefabricated 
Careyduct units are easy to install — 
particularly in tight places. Simple low 
cost fittings can be made in the shop or on 
the job. 

FIREPROOF. Being 100% asbestos 
construction Careyduct won’t smoulder 
or burn. Approved by Underwriters^ 
Laboratories, Inc, 



GOOD LOOKING. Surfaces arc 
smooth and free from unsightly raised 
seams or joints. No stiffeners or braces. 
Blends well with modern interiors. 


5 TYPES OF CAREYDUCT 

Insulated and Acoustical Type. 100% 
asbestos construction — combines duct 
and insulation. 

Key-lock Type. For high temperature 
applications up to 500 F. Impervious to 
water. 

Single-wall Type. For heating and 
ventilating systems. 

Reinforced Corner Type. Fabricated 
of Carey Firefoil or insulated sheathing. 
An ideal duct for large industrial instal- 
lations. 

Asbestos-cement Type. Made of as- 
bestos-cement wallboard in different 
thicknesses. Sizes: 23} in. and up. 


*InitaUatum under juriadiction ef International 
Sheet Metal Workere, A. F, ofL, 
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The Philip Carey Mfg. Company 

Lockland, Cincinnati IS, Ohio * 

District Offices In All Principal Cities 



PRODUCTS 



CAREYCEL FOR AIR DUCTS 

Uses: A fireproof, low cost, high efficiency asbestos 
board for insulating ducts and all types of air condition- 
ing equipment. 

Description: Composed of 12 to 14 laminations of in- 
dented (not corrugated) asbestos felt per inch of thick- 
ness. Weight: approximately IJ lb per board foot. 
Sheet Size: 36 in. x 36 in., or cut to order. Blocks: 6 in. 
X 36 in. Thickness: § in. up. 



CAREYCEL FOR HEATING SYSTEMS 

Uses: Pipe coverings and blocks for pipes, boilers, 
<»vens and other apparatus where the temperature doesn’t 
exceed 300 F. 

Description: Pipe covering sections 36 in. long by 1 
in. thick, finished with cotton duck jacket and bands. 
Blocks: 6 in. x 36 in. Sheets: 36 in. x 36 in., or cut to 
order. Thickness: i in. up. 



CAREY IMPERVO FOR COLD PIPES 

Uses: A high efficiency insulation for cold or ice water 
pipes — keeps the water cold and prevents sweating. 

Description: Laminated insulating felt with water, 
proof liner and jacket. 36 in. long in i in., J in., double 
\ in. and double f in. thick sections, finished with cotton 
duck jackets and bands. 



CAREY PROTECTO TO PREVENT 
FREEZING 

Uses: Designed especially to reduce the danger of 
freezing of exposed water pipes. 

Description: Consists of two inner layers of hair felt, 
a waterproof felt liner and an outer layer of insulating 
felt (wool felt). For severe conditions use two thick- 
nesses. 36 in. long sections with cotton duck jacket and 
bands. One thickness only— approximately li in. 
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Grant Wilson, Inc. 


141 West Jackson Blvd. 
Chicago 4, lUmois 


Dux-suumon 



Designed for efficient insulation of metal ducts in Heating, 
Ventilating and Air Conditioning equipment. 

DUX-SULATION is composed of fine, flexible fibres 
fabricated into a strong felt with millions of dead air spaces, 
producing a thermal insulation efficiency of 70 per cent (K 
Factor .27 Btu). Saves 75 per cent of bare duct heat loss. 

A heavy asbestos membrane is woven into the felt body 
below the surface, giving the protection of fire proof asbestos. 

The outer surface is heavy woven fabric. A high sound 
deadening surface — absorbs 70 per cent of air borne noises — 
with low frictional resistance (F = 0.0001322). 

Complete Package:— A flexible insulating blanket )4 in. 
and 1 in. thick. Comes complete with corner tape and ad- 
hesive for cementing on to sheet metal duct work DUX- 
SXJLATION comes 36 in. wide in a roll containing 100 sq 
ft. Will not rot, chip or crack. 


Surface Temperature of DUX- 

SULATION applied to Metal Duct 


Outside Duct 
Temperature 

Room Temperature— Deg F 

30 

60 

70 

90 

40*F 

33 

48 

63 

78 

eoT 

37 

63, 

«| , 68 \ 

83 

SO’T 

42 

67 

72 

88 

100"F 

47 

62 ' 

81 » 

93 

120"F 

52 

68 

82 

97 " 

150^ 

60 

75 

90 

105 


Dew Point Temperature— Deg F 


Relative 

Humidity 

Room Temperature- 
(Dry Bulb) 

DegF 

1 30 

1 50 1 

70 

1 90 

20% 

0 

12 

28 

IBB 

40% 

10 

27 

45 

IBS 

60% 

18 

37 

56 

IBS 

80% 

25 

44 

64 

KB 


Note: As determined through using the two 
Tables above, the Surface Temperature of the Dux> 
Sulation must be HIGHER than the DEW POINT 
to prevent condensation. 

Asbestos Protected DUX-SULATION is 
applied to round pipes, rectangular ducts 
or irregular surfaces. It bends in any 
direction, even to very sharp and abrupt 
angles. The tape is applied to the cor- 
ners and joints as illustrated. 


Acoustical Values 
70 Per Cent Reduction in Loudneis 
Fbequenct Feet 

1036 9.6 

2048 9.7 

4100 11.4 

617 16.2 

260 31.0 

129 34.0 


134 ! 



DUX-SULATION is also applied to the 
inside of ducts, as illustrated, for high 
sound absorption efficiency. 
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Durant Insulated Pipe Company 

1015 Runnymedc Street, P. 0. Box 88 



Palo Alto, California 


REQ. U. S. PATENT OFFICE 




4 SIMPLE STEPS IN SEALING FIELD JOINTS 

1. Field joint ready for inspection. 

2. Joint covered with standard pipe in- 
sulation. 

3. Special Durant joint casing in place 
ready for asphalt. 

4. Asphalt poured in slot — to seal. 
ADVANTAGES 

Completely waterproof. 

* ‘Elimination*' of electrolysis 
and corrosion. 

Requires no sub-drains. 

• In multiple lines, individual 
Durant Pipes can be added, 
removed or replaced without 
disturbing others. 

Minimum trenching & field 
work. 

No rollers or pipe supports 
required. 

Tile or masonry protection 
not required. 

Lower field costs. 

• Insulation protection is abso- 
lutely dependable. 

CONSTRUCTION OF D.I.P. 

The Durant Construction Principle involved consists of encasing the piping, or the 
insulation covering around the piping, with a heavy layer of High Melting-Point Non- 
Porous Asphalt. The asphalt is poured hot into a sheet metal form which is spaced 
concentrically around the pipe or insulation. For all underground conditions the 
thickness of t he asphalt casing is one inch thick minimum for insulated piping. The 
insulation for all pipes carrying heat should be 85 per cent magnesia or Unibestos 
and for cold pipes either zero, Unibestos or moulded cork covering should be used. 
The thickness of the insulation will vary with the conditions of operation. See 
details in diagram illustration above. 

Ix)ad bearing supports are provided within D.I.P. structure to prevent w^eight of 
pipe from resting on specified insulation . These load bearing supports are full circles 
slipped on betwx'en insulation sections at regular spacings during the fabrication of 
D.I.P. After covering and load bearing supports have been fitted to pipe, all joints 
are taped and sealed. A cylindrical jacket of heavy galvanized steel with a diameter 
large enough to provide a minimum 1 in. air space outside of the insulation, is placed 
concentrically around insulating pipe. This metal jacket has openings at regular 
intervals or a full length slot along the top. The insulated pipe is then ready to 
receive the asphalt protection which consists of a special grade of high-melting point 
asphalt heated to proper temperature and poured through openings in top of metal 
jacket. 

INSTALLATION OF D.LP. 

Since the insulation and protection are factory -applied to D.I.P., field operations are 
limited to placing the pipe lengths into position, connecting them and then, after heat 
pressure tests, insulating and scaling the joints. In underground pipe systems, back- 
fill can be made at once, and can be flooded with water to pack it. The system is com- 
pletely waterproof as soon as the joints have been finished. 

Foundations are practically never reauired for underground D.I.P. installations. 
The pipe needs merely to be placed on the bottom of the graded trench. Only com- 
paratively narrow trenches are required and the individual lengths of D.I.P. can be 
readily lowered into the trench with rope slings. In the trench the pipe can be 
turnea and slid into proper position and the exposed pipe ends provide plenty of 
clearance for workmen to connect and finish the joints. 
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The Ric-wiL Company 

INSULATED PIPE CONDUIT SYSTEMS 

A 

Union Commerce Bldg., Cleveland, Ohio • Agent in Principal Cities 


There is a Hic-wiL insulated conduit system engineered to your specific 
needs — the transmission of steam, hot water, oil, hot or refrigerated 
process liquids — providing heat transfer with the lowest possible loss. 

1. Ric-WiL Insulated Pipe Unit— Single or Multiple Pipes 

Prefabricated complete units with one or more pipes — in 
any specified combination — in helical corrugated conduit, 
coated and wrapped with asphalt saturated asbestos felt. 
21 -ft lengths for easy installation. Insulation is applied 
to any or all pipes in any thickness specified. 

2. Ric-WiL Insulated Pipe Unit— For Process Liquids 

An adaptation of the multiple system used where a steam 
or hot water line heats fluids in other lines. Pipes are 
insulated from the exterior but not from each other. 
Sizes and specifications as required — conduit same as for 
other insulated pipe units. 

3. Ric-WiL Foilclad Pipe Units— For Overhead Lines 

Pipe and insulation are protected and waterproofed by a 
double coating of machine-applied, high temperature 
asphalt. Unit is then wrapped with asbestos felt and 
covered with a final spiral wrapping of copper or alu- 
minum foil for maximum insulation and protection. 

4. Ric-WiL Standard Tile Conduit— Type F 

Vitrified glazed A.S.TM. Standard Tile Housing — acid 
and waterproof — with foundation type base drain sup- 
porting weight of piping through correctly engineered 
pipe supports. Positive locked-in -place cement seals on 
sides and ends. For single or multiple pipes. 

5. Ric-WiL Super Tile Conduit— Type F 

Same advantages as Standard Tile but with walls ap- 
proximately double thick for strength under heavy traffic 
or where overhead load is above normal. Will support 
concentrated static load of 6 tons per wheel under actual 
installation conditions. Base drain of extra-heavy tile. 

6. Ric-WiL Cast Iron Conduit— Type F 

Heavy reinforced cast iron conduit for use where under- 
ground pipe lines run close to or under railroad tracks. 
Durable, water-tight and vibration-proof. Positive 
locked-in-place cement seals on sides and ends with 
metal clamps for extra tightness. 

7. Ric-WiL Tile Conduit— Universal Type 

Where installation conditions dictate the use of a con- 
crete pad Hic-wiL Universal Tile is recommended. Side 
walla are double-cell vitrified trapezoidal block design. 
Arch may be Standard Tile, Super-Tile, or Cast Iron. 



Hic-wiL accessories are available in all type s^Tstems; standard and special fittings, 
factory fabricated or field fabricated expansion devices, alignment guides, and 
anchors. Descriptive bulletins on request. Write: The Ric-wlL Co., Dept. 279. 
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American Structural Products Company 

Tetode I, Ohio 

Subsidiary of Owens-Illinois Gloss Company 

INSULUX. 

Gloss Block 


Insuluz Glass Block Give Better 
Control of Interior Conditions 

Insulux Glass Block are hollow, par- 
tially evacuated units, 3| in. thick. 
Faces are smooth or ribbed . Solid panels 
of these block, laid in mortar, make a 

value. Their proper use aids control of 
interior conditions to a point where ini- 
tial and operating cost of heating or cool- 
ing equipment is reduced. 


Surface Condensation 

Because of the low overall air-to-air 
heat transfer, the room condensation 
point of a glass block panel is much lower 
than that of ordinary windows. This 
will permit higher humidities for both 
comfort air-conditioning and in indus- 
tries where high humidity is part of the 
process. Glass block are not subject to 
deterioration caused by moisture. 

Infiltration 



Conductivity 

The U factor for ribbed glass block is 
0.46; smooth face, 0.49. For design pur- 
poses, these factors may be used as con- 
stant for either 6 in., 8 in. or 12 in. block. 
See Chapter 6 of this volume for addi- 
tional data. 

This U factor is only 43 per cent of that 
of ordinary light-transmitting materials. 
The reason lies in the two heavy glass 
surfaces separated bv partially evacu- 
ated and hermetically sealed dead air 
space. 


Insulux Glass Block are sealed in the 
building. They form a barrier against 
infiltration of dust, air and vapor. 
Winter drafts and summer vapor leakage 
are cut. Natural ventilation require- 
ments can be met by installation of win- 
dows either inset in the panels or 
installed directly below the panels. 

Solar Heat Gain 

A comparative test showed 94 per cent 
more solar heat through steel sash than 
through glass block. However, as with 
sash, glass block transmit less solar heat 
when pr^erly oriented and shaded. 
Data in Table 21, Chapter 15, of this 
Guide are for standard block. Other de- 
signs, such as the No-glare and Direc- 
tional block afford further reduction. 
Data will be sent on request. 

Design, Sizes, Erection 

Insulux Glass 
Block is made 
in 9 face designs 
for residential 
or industrial 
uses. Sizes are: 

5i in. X 5J in., 

7i in. X 7i in. 
and 11| in. x 
111 in. All are 
3i in. thick. 

Blocks are 
erected by lay- 
ing in mortar 
like any masonry material. Complete 
technical data, description ^ etc., sent to you 
on request. 
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American Structural Products Company 

TelMie 1. Ohio 

Subsidiary of Owens -Ulinois Glass jCompany 

KAYLO. 

* 

Insulating Products 


Kaylo Insulating Roof Tile 

Kaylo Insulating Roof Tiles are pre-cast 
units for construction of non-combus- 
tible, structural roof decks on steel or 
wood framing. Each tile measures 2f 
in. X 18 in. X 36 in. and weighs only about 
23 lbs; yet, Kaylo Roof Decks arc more 
than strong enough to support typical 
roof loads. 

Kaylo Roof Tile is predominantly a cal- 
cium silicate, or combination of calcium 
silicates, plus reinforcing fibers. Tiles 
are also reinforced with wire mesh. 
Density: about 20i pcf. 

Kaylo Roof Decks offer an exceptional 
combination of advantages: light weight 
that reduces dead load; fire protection; 
thermal insulation with built-up 

roofing, 0.19) ; little maintenance. Light 
reflectivity is more than 80 per cent and 
the underside of a Ka^rlo deck provides 
an attractive ceiling without finishing. 



KAYLO Inavlating Roof Tile shown on partially 
completed roof deck. When all tiles are laid^ grouting 
and conventional built-up tar or asphalt roofing are 
added. 


Block sizes arc: widths, 12 and 18 
inches; lengths, 18 and 36 inches; thick- 
nesses, li to 2| inches. 


FIRE TEST proves 
fireproof abilities of 
Kaylo Structural In- 
sulating Block in 
door shown (left). 
Ordinary wood door 
(right) has already 
burn^ through. 


Kaylo Heat Insulating Block 

Kaylo Heat Insulating Block is a new 
type lightweight mineral insulation, effi- 
cient from ordinary room temperatures 
up to 1200 F. One coverage with Kaylo 
insulation handles applications which 
often require two thicKiiesses of other 

The of Kaylo Heat Insulating 

Block (0.41 at 100 mean) gives it high effi- 
ciency for medium high temperatures, 
and experience shows the efficiency im- 
proves after exposure to service temper- 
atures. 

Kaylo Heat Insulating Block, weighing 
only approximately 11 pcf., has an aver- 
age flexural strength of 50 psi and an 
average compressive strength of 150 psi. 
This strengtn means easy handling and 
application, long service and low main- 
tenance. Blocks can be cut and fitted 
with ordinary tools. 

Standard sizes: 1 to 3 inches thick; 6 
and 12 inch widths ; 36 inch lengths. Ad- 
ditional information on all Kaylo prod- 
ucts available on request. 



Kaylo Structural Insulating Block 

Kaylo Structural Insulating Block com- 
bines with wood, paper, metal or plastics 
to produce laminated structures. Its 
many desirable properties include : light- 
weight (approx, pcf.); insulation 
value (“K^*, 0.65); fireproof; structural 
strength (average flexural strength, 175 
psi). 



TYPICAL KAYLO Heat InsuBUing Block instaUa- 
turn in an apartment house boiler room. This block 
can be used in hundreds of heat insulating applications. 
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GUsb Blocks 
SkyUghts 


American 3 Way-Luxfer Prism Co. 

431 S. Dearborn St., 26-20 Jackson Ave., 

AMERICAN GLASS BLOCK SKYLIGHTS 

Light-Up^the AMERICAN Way! 


American 3-Way Roofliglits make use of Glass Blocks of special design and strength, 
manufactured by the proven process, incorporating designs on inner surfaces of plates, 
resulting in uniform even light distribution over wide areas, leaving top and bottom 
surfaces smooth for easy cleaning. 

Glass Blocks are 9 in. x 9 in. x 2^ in. and spaced approximately 10^ in. on centers. 

Low Heat Transfer 

Tests conducted by methods suggested 
by the A.S.H.V.E. Code show that Glass 
Block Rooflights have about two and 
one-half times the insulating value of 
sheet metal skylights with no heat losses 
by ‘‘escape,*^ since the construction is 
air-tight. 

Solar Heat Transmission 

Reduction in total solar heat gain as 
compared with ordinary windows is in- 
dicated by relative values given in 
Table 21 and Table 23 in Chapter 15. 


Section of American Glass Block Skylight 
Shou'ing Method of Block Application 

Insulated Construction 

Construction of rigid n*inforced con- 
crete grids can be arranged with insula- 
tion materials sufficient to approxi- 
mately equal the* performance of the 
glass blocks. 

Condensation 

Due to the nature of the grid con- 
struction where insulation materials arc 
employed with semi-vacuum glass blocks 
assemhlies there is little or no tendency 
for condensation to form on the under 
side. Should relative high humidities 
or abnormal conditions exist, further 
insulation treatment can be provided. 

Glass Block Assemblies for all off- 
vertical arrangements arc available. 
Details will be furnished on request. 

3-Way Glass Block Skyli^ts may also 
be furnished without special insulation 
treatment in reinforced concrete grid 
construction. 

Write for Complete Information 
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Ameriean Olaas Block Skylight 

Triple Plates of Glass 

Magnalite Diffusing Glass units may 
be attached to under side of glass block 
construction thus making for effective 
uniform light diffusion and even distribu- 
tion ; also very effective in condensation 




Insulation 


Libbey • Owens* Ford Glass Company 

Room 1038 HVA, Nicholas Building, Toledo 3, OUo 


THERMOPANE* 

* 

Insulating Glass 

L-O-F Thermopane is a transparent 
factory-fabricated insulating glass unit 
composed of two or more panes of glass 
separated by in. or in. of dehydrated 
captive air, hermetically sealed at the 
edges in the factory with a metal -to-glass 
bond. 




Thermopuie is made in more than 70 
standard sizes, all of which can be used 
vertically or horizontally. 

Thermopane Reduces the coefficient 
of heat transmission ; increases the room- 
side surface temperature, thus promoting 
radiant comfort and lowering the dew 
point; furnishes a control of light quan- 
tity and quality through combinations of 
various types of glass, and deadens sound 
transmission to some degree. 

Thermopane Uses arc many, but may 
be briefly summarized as below: 

Double-glass Thermopane: Glazing 
of wood or metal windows, doors and 
window walls for practically any purpose 
in structures requiring heating or air 
conditioning. 

Triple^glass Thermopane: Large sta- 
tionary units such as insulated glass walls 
in homes, apartments, public and 
(•(irnmcrcial buildings and in show 
windows for refrigerated display where 
temperature differential must be con- 
sidered. 

Quadruple-glass Thermopane: Engi- 
neered to meet low temperature and high 
humidity conditions. 

Thermopane Units provide a high 
resistance to heat flow, varying with the 
number of panes and the thickness of the 
air space used. In summer the low heat 
transmission coefficient reduces the load 
on air conditioning systems. In winter 
it saves heat. The [greater efficiency of 
Thermopane makes it possible to incor- 
orate larger windows in houses and 
eep the cost of fuel constant. For 
example, a house could have 115 sq ft of 
Thermopane instead of 58 sq ft of single 
glazing and not lose any more heat. 
Thermopane permits the influx of solar 
heat in exterior glazing of buildings with- 
out a prohibitive compensating loss 
from conduction. 

The over-all heat transmission coef- 
ficient U varies with the ranges of tem- 
perature at which the coefficient is deter- 
mined. For most practical heat loss 
♦ Reg. U. S. Off. Pat. 


calculations coefficient TJ can be the 
value determined at 10® outside tempera- 
ture, 70° inside temperature, 15 mph 
outside air velocity, 0.25 mph average 
inside air velocity. The following table 
gives such values from actual tests with 
glass sizes 30 in. x 30 in. 




U Value 

Number of Panes 

Glass 

Thickness 

Air Space 



None 



Single Glass 


1.16 

1.16 



Double Thermo- 
pane (one air 
space) 

or K-' 


.65 

.58 

Triple Thermopane 
(two air spaces) 

H'orK' 


.47 



The Room-Side Surface Temperature 

of Thermopane is considerably higher 
than that of single glazing. Usually 
radiators or registers are near glass areas 
in buildings to offset conducted heat loss 
from a room and radiant loss from the 
bodies of persons near cold glass areas. 
The higher glass surface temperature of 
Thermopane greatly reduces the amount 
of heat which must be supplied, permit- 
ting more flexibility in room design. 

Another Important Benefit from Ther- 
mopane is the prevention of frost or 
condensation from forming on the room- 
side surface of a single pane of glass in 
winter due to higher room humidity. 
The absence of condensation on the 
room-side surface of glass is of consider- 
able importance where clear visibility is 
a factor as in residences, all types of 
commercial or industrial buildings and 
refrigerated display spaces. 

More Complete Information on Thermo- 

S ane is available by writing to Libbey- 
Iwens-Ford, or its district office nearest 
to you, and reauesting technical data 
sheets prepared by Don Graf, a general 
booklet about the product, and a bro- 
chure which discusses Solar Housing. 
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Pittsburgh Corning Corporation 

Room 505-8, 632 Duquesne Way Pittsburgh 22, Pa, 
PC FOAMGLAS INSULATION 


When installed according to our specifi- 
cations for recommended applications, 
PC Foamglas retains its original insulating 
efficiency permanently. 

PC Foamglas is a cellular glass insula- 
ting material having unique character- 
istics. It is not a fiber, not a wool, not 
a board nor a batt. Consists of millions 
of glass enclosed air cells, in the form of 
big, rigid, light-weight blocks. 

Being glass, PC Foamglas is highly 
resistant to the fumes, acid atmospheres, 
vapors and other elements that so often 
cause deterioration of other insulating 
materials. 

PC Foamglas has proved its ability to 
help maintain desired temperature levels 
and to minimize condensation — without 
maintenance , repairs or replacement —re- 
sulting in worthwhile economics. It is 
widely used on ducts and other industrial 
equipment, as well as in corewalls, on 
roofs and floors. As a pipe insulation, 
PC Foamglas can be used to insulate both 
hot and cold piping, indoors and out- 
doors. Note the illustrations of some 
typical applications. 


When you are figuring on insulation, 
for any purpose, make sure that you 
have the latest information on PC 
Foamglas. Send for our free booklets. 
They tell you what you want to know. 
Pittsburgh Corning Corporation also 
makes PC Glass Blocks. 

When you insulate with PC Foamglas 
you insulate for good 



Here^9 the eeeret of permanent inevHation. PC Foam- 
glae ie compoeed of tiny ghise cdh . . . millione of 
them. And these cells are filled with sealed-in air. 
PC Foamglas has the unique advantage of retaining 
its original insulating value — permanenUy. 



/ 



1 

: 


This picture shows how PC 
Foarnglae ie applied to roofs. 
The Foarnglae ie laid on the roof 
detkf the specified number of plies 
of roofing fdt are built up on the 
firm base which ie provided by 
big solid blocks of PC Foamglas. 



PC Foamglas, under the concrete 
cover-floor, prevents heat travel to 
and from this room. It helps 
to control temperature and mini- 
mizes condensation. Strong and 
rigid, PC Foamglas will support 
heavier than normal floor loads. 
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In core walls, PC Foamglas sup- 
ports its own weight when laid 
between brick, tUe, Hocks and 
many other types of backing and 
facing. It helps control tempera- 
ture and minimize condensation. 
It wiU not pack, rot or check. 
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Pittsburgh Corning Corporation 

Room 704-8, 632 Duquesne Way, Pittsburgh 22, Pa. 


Pq GLASS BLOCKS 


JHatributUm through Pittsburgh Plate Glass Company Warehouses in principal cities and 
by the W. P. Fuller Company on the Pacific Coast and by Hobbs Glass Ltd. in Canada. 

Also makers of PC Foamglas Insulation. 


Glass Blocks allow the economical 
|■C| use of large glass areas, reduce heat 
' — * loss in cold weather and materially 
aid air-conditioning. This is because 
each PC Glass Block contains a sealed-in 
dead-air space that is an effective re- 
tardant to heat transfer. 

Thermal Insulation 

Tests run by nationally recognized lab- 
oratories have established the value of 
glass blocks for insulation of light- 
transmitting areas. These tests have 
roved that with glass block panels, 
cat loss is slightly less than half that 
experienced with single-glazed windows. 
In computing heat losses through panels 
for most design purposes, it is recom- 
mended that a “ U” value of 0.46 to 0.49 
be used for all block sizes and face 
patterns. For complete data on heat 
transfer values see the section on heat 
transfer elsewhere in this Guide — page 
142. 

Surface Condensation 

Due to high insulating value, condensa- 
tion will not start forming on the room 
side of glass block panels until outside 
air has reached a temperature much 
lower than that necessary to produce 
condensation on single-glazed windows. 
The accompanying chart shows at what 
temperatures condensation will form. 

OtUdocr temperature required to produce 
Corideneafion on the room side surface of 
PC Class Blocks panels. 



deg is reached. Under similar condi- 
tions with single-glazed sash, moisture 
will begin to form when the outdoor 
temperature reaches -f33®F. 

Solar Heat Gain 

The use of glass blocks for light-trans- 
mitting areas results in a marked reduc- 
tion in total solar heat gain as compared 
with ordinary windows. This factor is of 
considerable advantage in buildings 
that are properly air-conditioned, but 
does not eliminate the need for adequate 
ventilation or shading in non -air-condi- 
tioned rooms. 

For data on solar heat gain through glass 
blocks see table 21 in the solar radiation 
section of this Guide — chapter 15. This 
table is for standard pattern glass blocks. 

PC Glass Blocks Aid 
Air-Conditioning 

Two of the chief aims of air-conditioning 
— temperature control and cleansing of 
air are aided by the use of PC Glass Blocks. 
Heat loss is less in winter — heat gain is 
less in summer. Ideal conditions are 
much more easily maintained without 
undue condensation. Solar heat trans- 
mission and radiation are reduced. 
Neither dirt nor drafts can filter in, for 
each panel is a tightly sealed unit. 

Sizes and Shapes Available 

PC Glass Blocks are 
available in many 
attractive patterns, 
some of which are 
designed for special 
control and direc- 
tion of transmitted 
daylight . For com- 
plete information 
on the sizes and 
shapes of PC Glass 
Blocks, and for illustrations of the manv 
patterns available, write the Pittsburgh 
Corning Corporation, Pittsburgh, Pa., or 
call the nearest Pittsburgh Plalte Glass 
Company w^arehouse. 



For example, with inside air at 70° F and 
relative humidity at 40 per cent con- 
densation will not begin to form on the 
interior surfaces of a glass block panel 
until an outdoor temperature of —1/ 


Additional technical data, including de- 
tailed figures on thermal insulation, solar 
heat gain, surface condensation, light 
transmission and construction data, will 
be furnished on request. 
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Armstrong Cork Company 

Building Materials Division 


Lancaster Pennsylvania 


OfBlces 


Albany 

Cincinnati 

Houston 

Milwaukee 

Providence 

Atlanta 

Cleveland 

Indianapolis 

Minneapolis 

Richmond 

Baltimore 

Columbus 

Jacksonville 

New Orleans 

Rochester 

Birmingham 

Dallas 

Kansas City 

New York 

St. Louis 

Boston 

Denver 

Los Angeles 

Omaha 

Salt Lake City 

Buffalo 

Detroit 

Louisville 

Philadelphia 

San Francisco 

Charlotte 

Hartford 

Memphis 

Pittsburgh 

Tulsa 


Chicago Washington, D. C. 


Distributors 


Charleston 23, W. Va.. Capital City Supply Co. 

Eau Claire, Wis Horel-George Co. 

El Paso, Texas .Case Industrial Service Company 

Fort W^ayne, Ind Midland Engineering Co. 

Grand Rapids, Mich. 

Tony Batenburg Insulation Co. 

Jamestown, N. Y Laco Roofing & Asbestos Co. 

JoPUN, Mo Joplin Cement Co. 

Little Rock, Ark.. .Fischer Cement & Roofing Co. 
Manitowoc, Wis. 

Northwestern Asbestos and Cork Insulation Co. 
For detailed technical information, samples, and 
Specifications appear in Sweet’s Catalogs ; 


Portland 4, Ore Asbestos Supply Co. of Oregon 

San Antonio, Tex General Supply Co., Inc. 

Seattle 4, Wash. . . .Asbestos Supply Co. of Seattle 
South Bend 23, Ind Midland Engineering Co. 

Spokane 12, Wash. 

Asbestos Supply Co. of Spokane 

Springfield, Mo Southwestern Insulation Co. 

Tacoma 2, Wash. . . .Asbestos Supply Co. of Tacoma 
sscriptive literature, ask any office or distributor. 

' Architects, Engineers, and Power Plants. 


PRODUCTS— Armstrong’s Corkboard, Cork Covering, Mineral Wool Board— 
Foamglas*, Heat Insulations, Armstrong’s Insulating Refractories, 
Cushiontone®, Temlok®, Insulation Sundries. 


Corkboard 

The thermal conducitivity of Arm- 
strong’s Corkboard is 0.27 Btu per hour, 
per degree temperature difference, per 
inch thickness at 60 mean tempera- 
ture. It is furnished in rigid boards 12 
in. X 36 in., 18 in. x 36 in., 24 in. x 36 
in., and 36 in. x 36 in., in 1 in., H in., 
2 in., 3 in., 4 in., and 6 in. thicknesses. 
Armstrong’s Corkboard conforms in all 
details to Federal Specification HH-C- 
561b. 

Cork Covering 

Armstrong’s Cork Covering is made of 
pure cork in sizes to fit all standard pipe 
sizes. The inside surfaces of each piece 
are machined to assure an accurate fit, 
free from moisture-catching air pockets. 
Cork covering is rigid and will not sag. 
Thicknesses are: Light Duty (1.20 in. to 
1.93 in.); Standard (1.70 in. to 3.00 in.); 
and Heavy Duty (2.63 in. to 4.00 in.). 

Armstrong’s Fitting Covers are rigid 
and are designed to fit accurately all 
types of standard ammonia and extra 
heavy fittings, screwed, flanged, and 
welded. 

Mineral Wool Board 

Armstrong’s Mineral Wool Board 
equals or exceeds Federal Specification 
HH-M-371a for board or block form in- 
sulation; has low thermal conductivity; 
is moisture resistant, odorless; is easily 
handled and erectea; possesses struc- 


tural strength. Standard size 12 in. x 
36 in.; thicknesses 1 in., H in., 2 in., 

3 in., 4 in. 

Foamglas 

Foamglas has a closed cellular struc- 
ture which will not permit passage of air 
or moisture. It is efficient, moisture- 
proof, fireproof, and offers effective, 
lasting insulation. This type of insula- 
tion is made in standard 12 in. x 18 in. 
blocks; thicknesses 2 in., 2\ in., 3 in., 

4 in., and 5 in. It may be used to in- 
sulate all types of low -temperature stor- 
age rooms. 

Heat Insulation 

The Armstrong Cork Co. distributes 
and offers contract service on a complete 
line of high temperature insulations. 
Included are: 85 per cent magnesia 
block and pipe covering; high tempera- 
ture block and pipe covering; air cell 
block, sheet, and pipe covering; wool 
felt; hair felt; etc. 

Engineering and Contract Service 

All Armstrong offices and distributors 
maintain skilled erection crews. For aid 
in the solution of any technical problems 
involving insulation or acoustical treat- 
ment, and for literature and prices, get 
in touch with an Armstrong district office 
or distributor or the Armstrong Cork 
Co., Building Materials Division, Lan- 
caster, Pennsylvania. 

*T. M. Reg. U. S. Pat. Off., Pittsburgh Corning Corp. 


1352 




Insulation 



Baldwin-HiU Co. 

549 Breunig Avenue, Trenton 2, N. J. 

Pluy^B in 

TRENTON, N. J. KALAMAZOO, MICH. HUNTINGTON, IND. 



B-H No. 1 INSULATING CEMENT 

A plastic insulation pro- 
duced from high-tempera- 
ture-resisting, nodulated 
B-H black Rockwool com- 
bined with high-grade, 
long-fibre asbestos and 
colloidal clay. Effective 
up to 1800° F; reclaimable 
up to 1200° F. Suitable 
for insulating large or 
small irregular surfaces, 
including those not suited 
to molded types of insulation, (yontains 
a special rust inhibitor which prevents 
corrosion taking place between insulated 
surface and cement. Makes a secure 
bond on cither hot or cold surfaces. In- 
stantly adhesive, easy and economical to 
apply. Whc*n mixed with water to 
trowelable consistency, the nodules of 
B-H black Rockwool retain their physical 
properties; when dried out, the dead air 
cells in these nodules provide* maximum 
insulating efficiency. Packed in strong 
5()-lb bags; can be stocked without 
breakage or loss. 

B-H KOLDBOARD 

PJffective from 
-150 to 300 F. 
Mhde from 1()0 
per cent chemi- 
cally stable B-H 
Rockwool fibres, 
felted and bonded 
together to form 
flat, semi-rigid 
blocks which do 
not disintegrate 
or break down 
structurally un- 
der severe service 
conditions. Kold- 
board will not support combustion nor 
smolder when flame is applied. Low 
moisture absorption: 0.68 per cent at 
relative humidity of 65 per cent at tem- 
perature of 75 F. Thermal conductivity : 
0.29 Btu/sq ft/hr/F at a mean tempera- 
ture of 70 Standard sizes: 18 in. and 
36 in. long; 6 in., 12 in., 18 in., 2-1 in. 
wide; in. to 4 in. thick; packed in high 
test fibre cartons. 

B-H MONO-BLOCK 

A one-block insulation effective over 
the full temperature range up to 1700 F. 




Fabricated of higli-temperaturc-resisting 
B-H black Rockwool, felted by a special 
patented process. A strong, light- 
weight block, easily cut and fitted on 
irregular or flat surfaces. Low alkalinity 
factor insures stability under severe 
temperature conditions. Density— ap- 
prox. 20 lb per cu. ft. Standard sizes: 
18 in. and 36 in. long; 

6 in., 12 in. and 18 in. 
wide; 1 in., in., 2 
in.,2>^in.,3in.,33^in. 
and 4 in. thick- 
nesses. Other 
sizes to 
order. 

Packed in 
high - test 
cardboard 
cartons. 



B-H DUCT SOUNDLINER 

A rigid material felted of chemically 
stable Rockwool fibres. Provides an 
effective means of minimizing sound 
transmitted through the ducts, by 
installing it inside the ducts, also pro- 
vides thermal insulation. Does not 
disintegrate nor support combustion. 
Easily cut and fitted around bends in the 
duct — attached with either bolts or 
specially prcpanid acoustical cement. 
Standard sizes: 24 in. x 36 in.; J i in. or 1 
in. thickness. 


CATALOG ON REQUEST 

We invite you to write for fully illus- 
trated catalog giving more detailed 
specifications on these and other B-H 
Industrial Insulation Products of many 
type's. 


INDUSTRIAL 

INSULATIONS 
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Bushings, Inc. 

('Oolidge at 14 Mile Road, Royal Oak, Mich. 



VIBRO-LEVELERS : Rubberdn -shear vibration dampner and preci- 
sion leveler stop vibration and level machinery. Recommended for 
New or Existing: Air Conditioning Units, Refrigeration Units, Com- 

g ressors, Blowers, Diamond Borers, Buffers-Polishers, Punch Presses, 
Iroaching Machines, Vacuum Pumps, Forging Hammers, Tool Room 
Grinding Machines, etc. 


Calalog No, Bu, SO 


Mouting 

Number 

Load Capac- 
ity of Each 
Mounting 
(Pounds) 

3010 

10 

3025 

25 

3050 

50 

3100 

100 

3200 

200 

3300 

300 

3400 

400 

3500 

500 

3750 

750 

4000 

1000 

4150 

1500 

4200 

2000 


Usually installed 4 
per machine. Any 
number may be used 
to suit machinery re- 
quiring more (or 
fewer) points of sus- 
pension. 


VIBRO-LEVELERS Have These 6 Important Features: (1) Rubber-in-shear Vibra- 
tion Dampner and Precision Leveler; (2) Ease of Installation; (3) No special parts 
required; (4) No tapping or fitting (Vibro-Levelers come complete); (5) No floor 
cutting (and floor repair) ; (6) Low Cost. 

^ Vibro-Leveler (Dual Purpose Machinery Mountings that stop vibration transmis- 
sion and level machines) are as simple in design and construction as they are easy 
to install. 

An inner cylinder with the stud, is insulated from the outer shell by a wall of 
mechanically bonded rubber. They have an ample safety margin. Overloaded to 
destruction they will allow a drop of less than J in. 

Installation 

Vibro-Levelers are usually installed under the machine. The machine is either 
raised or tilted enough to let the Vibro-Ijeveler bo slipped under the base and to 
allow the stud to be inserted into the hold-down bolt hole in the base of the ma- 
chine. 

The lower nut is turned to bring the machine to exact level and the upper nut 
locks it in position. The Vibro-Levelers come complete even to the leveling and 
locking nuts; no fitting, no cutting, no threading of any kind is required. 

Where the machine must be kept at or near the original level, brackets are either 
bolted or welded to the side of the base. Ordinary structural brackets are ideal for 
this. 
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The Celotex Corporation 

General Offices 


120 South LaSalle Street, Chicago 3 


CelotcX 

■Witkt.Mt.arr. 


Celotex Cane Fibre Insulation prod- 
ucts arc made by felting the long, tough 
fibres of bagasse into strong, rigid 
boards. They are manufactured under 
the Ferox Process (patented) which ef- 
fectively protects them from destruction 
by termites, fungus growth, and dry rot. 
They are integrally water-proofed which 
insures a non -hygroscopic insulation of 
low capillarity and cncluring insulating 
efficiency. 

Celotex Insulating 
Sheathing 

An insulating, weather-resisting sheath- 
ing for use under any type of exterior. 
Surfaces and edges are moisture-proofed 
with a surface impregnation of asphalt. 

Sizes: in. thick: 4 ft wide: 8 ft, 

9 ft, 10 ft and 12 ft long. Also 2 ft x 
8 ft with long edges— center matched. 


Celotex Insulating Lath 

Regular Insulating Lath.— A cane fibre 
plaster base of high insulating efficiency. 
Surface provides a strong bond for plas- 
ter and the b(»vclled edges and ship-lap 
joint provide additional reinforcement. 

Size: 18 in. x 48 in.; thickness: in. 

Celotex Roof Insulation 
Products 

Regular Roof Insulation— A cane fibre 
product possessing superior insulating 
properties. It reduces roof heat trans- 
mission as shown by coefficients estab- 
lished in The (Iuide; reduces roof move- 
ment due to contraction and expansion. 

Size: 23 in. x 47 in. or 24 in. x 48 in.; 
thickness: 1 hi. and 2 in. 

Preseal Roof Insulation— A cane fibre 
product coated with a special ^phalt for 
moisture protection on the job. Size: 
23 in. X 47 in., or 24 in. x 48 in.; thickness: 
in., 1 in., in. and 2 in. 


Vapor-seal Roof Insulation— An im- 

roved type of water resistant cane fibre- 
oard coated with high grade asphalt and 
having offsets on all edges so that when 
applied a network of channels next to 
the roof deck provides a means of equal- 
izing the air pressure therein. Size: 
24 in. X 48 in.; thickness: 1 in., 1^ in. and 
2 in. 

Cemesto 

A completely fabricated fire and mois- 
ture resistant structural insulating wall 
unit. Consists of a Celotex cane fiber 
core surfaced on both sides with a 
in. layer of asbestos-cement board. The 
established low thermal conductivity of 
the Celotex core is maintained in the 
manufacture of Cemesto. 

Sizes: 4 ft x 4 ft, 4 ft x 6 ft, 4 ft x 8 ft, 
4 ft X 10 ft, 4 ft X 12 ft; thicknesses: 
in., lA io. and 2 in. 

Celo-Block 

Celo-Block Cold Storage Insulation 
consists of y/ low density cane fibre- 
boards bonded together with asphalt 
mastic and surfaced front and back with 
asphalt. Celo-Block has excellent in- 
sulating qualities. Size: 12 in. x 36 in. 
or 1 8 in . X 36 in . ; thickness : 2 in . and 3 in . 

Celotex Rock Wool 
Products 

Available in the following forms — 
Ivoose, Granulated, and l*aper-backed 
Bat ts, (/clotex Rock Wool is made from 
the clean fibres of molten rock. In- 
combustible and integrally waterproofed. 

Q-T Ductliner 

An acoustical material designed espe- 
cially for duct lining in air conditioning 
systems. Absorbs duct noises. Made of 
rock wool and a special binder. De- 
signed to withstand air duct humidity 
conditions. Is 6re resistant and will not 
smoulder or support combustion. Ther- 
mal conductivity of 0.30. 
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Crawford-Austin Mfg. Co., 

6th & Jackson St., P. O. Box 209 

Waco, Texas 


FLAMEPROOFED— COTTON 
INSULATION 

HIGHLY EFFICIENT 




EFFICIENCY 

The low thermal conductivity of Heat 
Stopper Insulation makes it ideally 
suited for all insulation requirements. 
K factor: 0.24 Btu/hr/sq ft/deg F/in. 
(See table.) 

EASY TO INSTALL 

Requires a minimum of labor and ex- 
pense for installation. Unrolls like a 
rug. Complete flexibility insures uni- 
form distribution in all odd shaped 
spaces. An easy one man job. 

LIGHTWEIGHT 

The fluffy lightness of Heat Stopper In- 
sulation gives maximum protection with 
minimum load factor. Density: % lb/ 
cu ft. 

NON-ABSORBENT 

The natural wax-like coating on each of 
the cotton fibres, along with the aid of 
chemical treatment, makes Heat Stopper 
Insulation resistant to moisture. 

FLAMEPROOF 

Treated with a chemical formula for 
permanent fire-resistance. Effectively 
withstands 1800 deg blow torch test. 


NON-IRRITATING TO THE SKIN 

Heat Stopper Flameproof Cotton Insu- 
lation contains no splinter or needle like 
points to injure skin or breathing pas- 
sages. Always clean and fresh, has 
no odor. 


WILL NOT SETTLE OR PACK 

Because of its natural resiliency, Heat 
Stopper Insulation will not pack down 
from vibration or age. If ever com- 
pressed for any reason, Heat Stopper 
quickly regains original thickness or 
better when exposed to air. 

REPELS HOUSEHOLD PESTS 

Heat Stopper Insulation will not harbor 
such household pests as insects, rats, 
mice, etc. Chemicals used in the treat- 
ment of Heat Stopper Insulation, al- 
though harmless to humans, is repulsive 
to household pests. 



THERMAL CONDUCTIVITY OF l" THICK 
HEAT -STOPPER INSULATION AT DENSITY 
OF 0.95 LBS. PER CUBIC FOOT 


Heat Stopper Flameproof Cotton Insu- 
lation is available in a wide variety of 
widths and thicknesses to fit standard 
building requirements. 
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The Eagle-Picher Company 

General Offices: American Building, Cinc inna ti 1, Ohio 

01&^ i& Principal Citien 



EAGLE-PICHER 
A Remarkable Insulating Wool 
Made From Minerals 

Years ago Eagle-Picher pio- 
neered a method of fusing and 
fiberizing carefully selected 
minerals into a dark gray insulat- 
ing wool. This mineral wool 
is chemically inert. F'ibers are 
mechanically strong, extremely 
resilient and flexible. They 
withstand expansion and con- 
traction without loss of efficiency 
even at elevated temperatures. 

From this mineral wool, Eagle- 
Picher has fabricated a long list 
of insulating products to meet 
a wide range of temperatures 
and operating requirements. 

H-2 Loose Wool 

A clean fill insulation that is highly 
efficient for temperatures to 1200°?. 
Averages considerably lighter in weight 
than many rock and slag wools — goes 
farther, fibers are soft and flexible. 
Eagle-Picher Insulation is as fireproof as 
the minerals from which it is maae . Re- 
tains physical and chemical stability in 
presence of water. Packed in 40-lb bags. 

7-B Granulated Wool 

Another grade of fill insulation that 
has all the advantageous properties of 
Eagle 11-2 Loose Wool. It consists of 
small pellets averaging J's to }'2 i*'- i*' size. 

For all fill jobs in irregular spaces. May 
be poured. Packed in 40-lb bags. 

Low Temperature Felt 

A highly efficient insulating material 
for subzero and low temperatures (to 
400°F). Available in densities of 4, 6 
and 8 lb per cu ft. Recommended for 
refrigerator rooms, trucks, refrigerators, 
stoves, etc. Sheds water. Extensively 
used in marine field. 

Paper Backed Batts and Blankets 

These light-weight, sturdily con- 
structed batts and blankets are easy to 
apply. One side is protected with 
asphalt coated paper which serves as an 
approved vapor barrier. Strong tacking 
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flanges. Quickly cut with knife or 
shears. Two thicknesses — Full-Thick 
and Semi -Thick. For home use. 

Super “66” Cement 

A high-temperature insulating cement. 
Easy to apply and trowels to a smooth 
finish. Actively inhibits rust. Will 
stick on any clean, heated surface. Dry 
coverage approximately 50 sq ft per 100 
lb. 100 per cent reclaimablc up to 
1200°F. racked in 5f)-lb bags. 

Supertemp Blocks 

An all-purpose high-temperature block 
insulation which will withstand elevated 
temperatures up to 1700°F without loss of 
efficiency or structural strength. Fi- 
bers are water-repellent. Light weight. 
Easily cut to fit irregularly shaped sur- 
faces. Blocks withstand all normal 
vibration and abrasion encountered in 
use for which they are recommended. 
All standard sizes. 

Insulseol 

A protective coating for Industrial 
Insulation Blankets, Supertemp, “66” 
Cement and other kinds of heat insula- 
tion. Provides a permanent seal that 
safeguards insulation against air infiltra- 
tion, moisture, water, fumes; also against 
vibration and abrasion. Does not sup- 
port combustion. 

For more complete specifications and 
technical data on these and other Eagle 
Insulating Products, see Sweet’s Engi- 
neering or Power Plant catalogs. 





Insulation 


INSULITE 


General Offices 

500 Baker Arcade Bldg., Minneapolis 2, Minnesota 
THIRTY-FIVE YEARS PROVEN DURABILITY 



For 35 years engineers and architects have specified Insulite materials for structural 
uses, interior finish, low temperature duct lining, and for other thermal insulation and 
sound control wwk. Insulite materials have proved themselves practical through 
their performance on the job. 


STRUCTURAL MATERIALS 


Sealed Grayllte Lok- Joint Lath— An 
insulating plaster base of Graylite, 
sealed on stud space side with an ciTective 
moisture vapor harrier. Has patented 
“Lok” on long edges. 

Thickness: % in. 

Size: 18 x 48 in. 

Bildrite Sheathing is an asphalt-con> 
taining wood fiber insulating board 
manufactured under an exclusive process 
which provides increased strength and 
moisture resistance. It is M in. thick 
and has a gray-brown color. Thermal 
conductivity maximum: 0.36 Btu per 
inch thickness. Each sheet is marked 
to indicate proper nail spacing. Avail- 
able in sizes 4 x 8 ft up to 4 x 12 ft with 
all edges square. Also available in 2 x 8 
h size with interlocking joint on long 
edges. Used as a structural sheathing 
board and as roof boarding. 

Condensation Control — Where low out- 
side temperatures and high inside j 
humidities may occur, authorities recom- | 
mend ' ‘sealing the warm side and venting ' 
the cold side” of the wall to prevent 
condensation. An adequate vapor bar- 
rier, Sealed Graylite Lok- Joint Lath 
should be used on the warm (room) side 
of the wall thereby effectively reducing 


vapor transmission into the stud space. 
Bildrite Sheathing is designed to allow 
any surplus vapor in the stud space to 
“breathe” or be vented to the exterior 
air. If vapor is trapped within the 
stud space and cannot escape through 
the sheathing, destructive condensation 
may occur. 


THE APPROVED INSULITE 
WALL OF PROTECTION 


This construction consits of Bildrite Sheathins 
on the exterior of the frame work and Sealed Gray* 
lite Lok-Joint Lath on the interior. Transmission 
coefficient (U) is shown below. 


Exterior Finish 
and Sheathing 


Wood Siding, 25/32 in. 
Bildrite Sheathing 


Interior Finish 

No Insulation 
Between Studding 


Plaster (H in.) on Sealed ; 
Graylite Lok-Joint Lath 1 
(H in.) I 


0.15 Btu/sq ft./hr/“F 


The above value is typical of results which can 
be obtained by utilizing Insulite materials in frame 
construction. For further (U) values refer to 
Chapter 6 |>age8 130 and 131. 



Applying BiUriU ShMthing 
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Apjdying Joint Lath 



Insutite 


Insulathn 


INTERIOR FINISH MATERIALS 


Graylite Building Board— An integ- 
rally treated asphalt containing wood 
fiber .board of grayish brown color — 
burlap and linen textured surfaces. 
Thermal conductivity nominal 0.35 Btu 
per inch thickness. Furnished in thick- 
ness of Yl inch and sizes of 4 x 6 ft to 4 x 12 
ft. 

Smoothcote Interior Board— Factory 
coated Insulating Board with smooth, 
finished surface one side, having 68 per 
cent light reflection. Furnished in Yl 
inch thickness only and in sizes of 4 x 
6 ft to 4 X 12 ft. 

Satlncote Interior Board— Factory 
finished Insulating Board in colors light 
ivory and oyster white. Light reflection 
80 per cent for the light ivory and 72 for 
the oyster white. Requires no further 
decoration. Resistant to abrasion and 
washable. In Y inch thickness and in 
sizes of 4 X 6 ft to 4 X 12 ft. 

Tlleboard — Available in Satincote. 
TilcBoard is furnished with the Lok- 
Grip Joint that permits concealed nail- 
ing and which together with the Lok-Pin 
(a fiat diamond shaped metal dowel) def- 
initely and mechanically safeguards 
against any falling units even though no 
face nailing is used. 

Satincote TileBoard available in Y 
inch thickness and sizes of 12 x 12 inches 
to 16 X 32 inches. 

Plank — Available in Satincote. Plank 
has the Lok-Grip Joint which permits 
concealed nailing and is beveled and 
beaded on both long edges. Satincote 
Plank furnished in Y, inch thickness, 
widths of 8 to 16 inches and lengths of 
S to 12 ft. 

Acoustlllte— A high efficiency acousti- 
cal material for sound control. Coeffi- 
cient of sound absorption, at 512 cycles. 



AvousliliU or FiherliU effeclivdy 
guiel and control sound 


is 0.79 when mounted on solid background 
and 0.^ when on furring strips. Noise 
reduction coefficient is 0.65 when 
nfiounted on solid background and 0.75 
when on furring strips. Factory painted 
in buff, (light reflection 77 per cent) and 
in white (light reflection ^ per cent). 
Units have a butt joint and are beveled 
on four edges. Thickness, ^ in.; sizes, 
12 X 12 in. to 16 x 32 in. 

Fiberlite — An efficient sound absoim- 
tive and decorative material. Coeffi- 
cient of sound absorption, at 512 cycles, 
is 0.53 when mounted on a solid back- 
ground and 0.72 when on furring strips. 
Noise reduction coefficient is 0.^ when 
mounted on solid background and 0.65 
when on furring strips . Factory painted 
in buff (light reflection 77 per cent) and 
in white (light reflection 80 per cent). 
Units have a butt joint and are beveled 
on four edges. Thickness, Y in.; sizes, 
12 X 12 in. to 16 x 32 in. 

HardBoard Products 

HardBoard materials arc tough, dur- 
able, grainlcss, pressed wood fiber boards 
with a hard, smooth surface. Available 
in a range of densities from 55 to 68 Ib/cu 
ft. Thicknesses are from Vio to in. 
and sizes of 4 x 2 ft to 4 x 12 ft. 

Industrial Insulation 

Industrial Insulation is a wood fiber 
board for use in all types of manufactur- 
ing industries producing items such as 
refrigerators, coolers, showcases, brood- 
ers, partitions and cabinets. 

It can be cut-to-size and fabricated to 
customer’s specifications. Three types 
of industrial board are available. 

Lowdensite Industrial Board— A 10 

to 14 lb density board with an average 
tensile strength of 100 Ib/sq in. and an 
average conductivity of 0.^ Btu/hour 
/sq ft/F/inch thickness. 

Ins-Lite Industrial Board— A 14 to 

18 lb density board with an average 
tensile strength of 250 Ib/sq in. and an 
average conductivity of 0.33 Btu/hour/sq 
ft/F/inch thickness. 

Graylite Industrial Board— Differs from 
two above products in that it has an 
integral asphalt treatment which pro- 
vides increased strength and moisture 
resistance as well as minimum thickness 
and linear expansion. A 16 to 20 lb 
density board with an average tensile 
strength of 350 Ib/sq in. and an average 
conductivity of 0.35 Btu/hour/sq ft/F/ 
inch thickness. 
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Insulation 


Johns-Manville 

Bzecutive Offices: 22 East 40th Street, New York 16, N. Y. 

Offices in All Lsrge Cities 


Johns-Manville Home Insulation 



Applying J-M Super -Felt hatte in new heme 

Johns-Manville Rock Wool Home In- 
sulation is a light, fluffy mineral wool, 
highly efficient in heat-prooflng practi- 
cally any building, old or new. It is 
durable, rot-proof, fire-proof and odor- 
less, and will not corrode or settle. Full 
stud thickness of this material will save 
up to 30 per cent on fuel in winter and help 
keep rooms up to 15F cooler in hottest 
weather. J-M Rock Wool Home Insula- 
tion is furnished in two forms: for new 
construction, in easily handled batts; 
for existing buildings, in nodulated form 
to be installed pneumatically. 


For New Construction 
J-M Super-Felt* Batts 

Super-Felt Home Insulation is furn- 
ishea in pre-fabricatod batts of uniform 
thickness and density, in both full stud 
thickness and semi-thick, in sizes 15 x 24 
in. and 15 x 48 in., designed to fill com- 
pletely the space between studs, joists 
and rafters on the usual 16 in. centers. 
The sturdy felted “wooF* is strong 
enough to be handled rapidly without 
damage. The batts are backed with a 
vapor-seal paper, extending on both the 
long sides in 1}^ in. wide flanges, by 
which the batt is fastened in place and 
which also aid in sealing the joints. This 
backing protects against passage of 
abnormal numidity, that may be present 
in the house, into the structure. 

For Existing Homes and Buildings 
Type A **Blown’’ Rock Wool 

Type A Rock Wool is blown pneu- 
matically into the spaces between studs 
in outer walls and between rafters or 
joists in roofs or attic floors. Insulation 
thickness in walls corresponds to stud 
depth, approximately 3^ 8 in. ; the density, 
approximately 5 to 8 lb per cu ft, assures 
maximum thermal efficiency. This type 
of insulation is installed only by Johns- 
Manville or by Approved J-JVI Home 
Insulation Contractors, who arc equip- 
ped with the necessary apparatus and 
trained crews. 


J-M Airacoustic* Sheets for lining 
Air-C!onditioning Ducts 

J-M Airacoustic Sheets, for duct lin- will not materially increase friction losses 
ings of air conditioning systems, are in the duct system. Airacoustic sheets 
flame-proof, highly sound-absorbent and are furnished ^ x 36 in., 1 and in. 
moisture-resistant, with a surface which thick. 


Johns-Manville Pipe and Boiler Insulation 


J-M Pre-Shrunk Asbestocel* 

Pipe Insulation 

Cellular type of insulation for pipes 
carrying low pressure steam or hot water. 

Made up of alternate layers of plain 
and corrugated, specially-treated, moist- 


ure-resistant, asbestos felts. Three fin- 
ishes: Glazed White for quick applica- 
tion, will not carry flame; asbestos paper; 
and regular canvas cover. 

Furnished in 3-foot sections, in thick- 
nesses of 2 through 8 plies, each ply 
approximately in. thick.f 


Reg. U. S. Pat. Off. 
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Johns-Mamrille 


Insulation 


JOHNS MANVILLE PIPE AND BOILER INSULATION, Cont*d 


J-M 85% Magnesia 

Recommendod as the most widely used 
insulation of the molded type for temper- 
atures up to 600 F. Pipe insulation is fur- 
nished in sectional or segmental form for 
all standard pipe sizesfjn thicknesses up 
to 3 in. Blocks are 3 in. by 18 in. and 
6 in. by 36 in., flat or curved, 1 in. through 
4 in. thick. Minimum thickness for 
curved blocks, 1J4 in. 



J-Af 8S% Magnesia Pipe Insulation 


J-M Pre-Shrunk Wool Felt 
Pipe Insulation 

J-M Pre-Shrunk Wool Felt is equally 
effective and durable on either hot or 
cold water service piping. Prevents 
8w<»uting on cold water pipes. Made of a 
specially indented w'ool felt and provided 
with a dual service liner. 

Supplied in canvas finish in 3-ft sec- 
tions in thicknesses of }'2 in., in., 1 
in., Double in., and Double % in., 
for all standard pipe sizes. t 

J-M Asbesto-Sponge* Felted 
Pipe Insulation 

Recommended on all high pressure 
steam piping at temperatures up to 700 
F where insulation may be subjected 
to rough usage or where maximum 
efficiency and durability are desired. 
Furnished in 3-ft sections up to 3 in. 
thick, for all standard pipe sizes.f 

> Reg. U. S. Pat. Off. 


J-M Superex* Combination 

Superex Combination Insulation (an 
inner layer of high temperature Superex 
and an outer layer of 85% Magnesia) 
is recommended where temperatures ex- 
ceed 600 F. Superex and 85% Magnesia 
insulations are both furnished in sec- 
tional and segmental pipe covering, and 
in block forms. 


J-M Asbestocel* Sheets and Blocks 

Asbestocel Sheets and Blocks are used 
for insulating low pressure boilers, 
feed water heaters and warm air ducts. 
Temperature limit 300 F. Furnished 
6 to 36 in. wide by 36 to 96 in. long, from 
in. through 4 in. thick. 


J-M Rock Cork* Sheets and 
Pipe Insulation 

Rock Cork is made of mineral wool 
and an asphaltic binder molded into 
sheets and pipe insulation for all low 
temperatun* service to minus 400 F. 
It is strong, durable, and will not support 
vermin. Because of its unusual moisture 
resistance, its high insulating value is 
maintained in service. 

Furnished in sheets 18 in. by 36 in., 
in 1, 1}^, 2, 3, and 4 in. thicknesses. 
Lagging, for curved surfaces, supplied 
18 in. long by 1)^, 2, 3, and 4 in. thick, 
2 to 6 in. wide, depending on diameter. 
Pipe covering furnished in Ice Water, 
Brine and Heavy Brine thicknesses, for 
all commercial pipe sizes.f 

J-M Zerolite* Sheets and 
Pipe Insulation 

Zerolite is a newly developed, resin 
bonded, mineral wool insulation for 
temperatures to minus 400 F. In addi- 
tion to possessing the same basic charac- 
teristics as Rock Cork, Zerolite is 
highly fire-retardant, resists petroleum 
and organic solvents, and has the added 
advantage of 6 to 10 per cent lower con- 
ductivity. Furnished in the same types 
and sizes as Rock Cork. 


Details on Request 

Write for complete information on 
any Johns- Manville insulating material. 


t Also available in sections to fit straight runs of 
copper pipe or tubing with nominal diameters of 
H in. and larger. 
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iTuulathn 


Kimberly-Clark Corporation 

Neenah, Wisconsin 



New York 17, N. Y. 

122 East 42nd Street 
Atlanta 3, Georgia 

22 Marietta St., N. W. 
Chicago 3, Illinois 

8 S. Michigan Avenue 
San Francisco 4, Calif. 

1^ Sansome Street 


. A MODUCT or \ 

I Kimberly 
Clark 



Many-Layer, Stitched — 

ICach ply is continuous 
and separate ; all are held 
together at the density of 
maximum efficiency by 
strong stitching. No 
heat-leaking thin spots, 
no money-wasting thick 
spots in the Kimsul 
blanket. 


KIMSUL is unique among building insulations and 
a(‘oustical materials because it is made of many 
individual plies — each one a continuous separate 
layer of soft, clean, crcped, asphalt-treated cellulose 
fibers. Each ply is controlled carefully in manufac- 
ture both as to thickness and crepe structure. The 
result is a flexible blanket, inherently uniform in 
thickness — an important factor in a thermal or sound 
insulating material. The Kimsul plies and the 
creped PjTOgard* cover are held together with ro^TS 
of strong stitching. 

KIMSUL is reduced to i its installed volume for 
easier shipment, handling and storage. On the job, 
the Kimsul blanket is expanded in installation. 
The stitching controls the expansion to the density 
of maximum efficiency. 



Flexible — fits into cor- 
ners, tucks behind pipes, 
electrical wiring and 
other ‘‘tight spots.” Ko 
areas unprotected. 


Clean — no sharp particles 
to irritate, nothing to 
sift; stitched ply con- 
struction prevents set- 
tling or sagging. 


Caulkable— one* ply or 
many plies may be com- 
pressed to high density 
in narrow or wide joints, 
sealing out cold air ami 
sound. Kimsul as- 
phalt-treated wood fiber 
does not break up during 
caulking or tamping 
operation. 



Any Width, Any Length— 

It*s easy to cut exact 
lengths or narrow widths. 
Avoids muss and fuss. 
Workmen do a fast, neat 
job — with Kimsul. 



Insulated Fastening Edge 
—Kimsul blankets are 
extra wide to provide 
fully insulated fastening 
edges, and to insure com- 
pletely filling spaces 
where framing may be 
slightly off center. 


•T. M.Reg. U. S. Pat. Off 


Over-Framing Com- 
pressibility— Kimsul in- 
sulation, in Standard 
and Commercial thick- 
nesses, may be easily 
compressed over framing 
members. Especially 
valuable for 48 in. wide 
Kimsul— ^suitable for 
mass or prefabricated 
construction. 
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Kimberly Clark Corporation 


Inmtation 



UNDitWtinilS 
A. S. T. M. 
nu TIST 

names in a gas 
fired furnace play 
directly on sur- 
face of test panel, 
reaching temper- 
atures as high as 
1700® F. 



Fire-Resistant — Special 
permanent chemical 
treatment makes Kim- 
sul resist fire. 
PYROGARD fire-re- 
sistant cover — (a Kim- 
Bul feature) resists fiame- 
spread. 


Small Storage Space — 
Easy Handily— Kim- 
sul package is small, 
tough. Compressed to 
i installed volume. 
Compact; easy to carry; 
convenient to store; not 
easily damaged. 



Fuel and Power Saving — 

first increment of thick- 
ness gives greatest value. 



Hil 

riMiSN 

ll 

P 

■UllOINC 

Hiii 

la ^ 

• NCATMINC 

1 


iHTraioa 

FlNIftM 

AIMSUL 

INSUlAtlON 


Air Space — is a prime 
requisite. Use a vapor- 
permeable building paper 
under exterior finish. 
Ventilation in Attics 
and Ploors should never 
be omitted. Use approx- 
imately one sq ft of 
louver area for 1000 sq ft 
of ceiling area. 


Light Weight— 1 .4 lb per 
cubic foot. Standard 
Thick Kimsul weighs 
only 115 lbs per 1000 sq ft. 
Moisture-Resistant — 
Asphalt treatment of each 
ply sheds water. 

Resists Mold, Rot, Ver- 
min — The materials of 
which Kimsul is made 
offer no subsistence 
to vermin or insects. 
Special cdiemical treat- 
ment resists mold and 
fungus. 

“k” Factor-<).27 Btu/sq 
ft/hr./°F. 



SOUND CONTROL 

Sound Deadening (one room to another). Kimsul 
fk'xible blanket used in staggered stud construction. 

1) Absorbs sound from diaphragmatic action of 
wall panels. 

2) Absorbs sound which leaks through joints, 
thus maintaining original sound resistance of 
partition. 

3) Cushions wall surface. 


4) Prevents accidental bridging. 

Sound Absorption (within a room). 

— I 

KIMSUL’S blanket design makes it inex- 
pensive as a sound absorbing clement. See 
coefficients below. 



MptaFORATCO iOARO^FABaiC 
^ oa wise acRCKN facino 


KIMSUL BUILDING INSULATION SPECIFICATIONS 



Tlierinal 

Reeistance 

“R» 

1.86” 

3.70 

1 7.40 

Sound 

Absorption 

(Av.) 

.40 

.65 

.70 

1 Square Feet Per Roll Standard Widths 

16, 20, 24 inches 

48 inches 

Commercial Thick (Approx. 0.5 In.) 
Standard Thick (Approx. 1.0) 
Double Thick (Approx. 2.0> 1 

200 

200 

100 

600 

600 

260 


Fur further information, write to 

THE KIMBERLY-CLARK CORP.. NEENAH, WIS. 
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Insulation 


Insul-Mastic Corporation of America 

General Offices: 

1150 Oliver Bldg., Pittsbuif^ 22, Pa. 

GILSONITE INSUL-MASTIC TYPE “D” INSULATION 
INSULATES, DEADENS SOUND, RUSTPROOFS, WATERPROOFS 
Steel, Copper, Tin, Galvanized Sheet Metal Ducts, Plates, Partitions, 
Buildings, etc.; Pipes, Pipe Lines; Oil Tanks, Water Tanks, etc. 

An ^plication of Gilsonite Insul- applied by trowel, density varies accord- 
Mastic Type Insulation reduces the ing to the manner in w^hich troweling is 
acoustic properties of metal plates, metal done; a fair average is 30 lb per cu ft 

partitions, metal ducts, etc. It insulates when troweled by hand. The extremely 

against cold, reduces heat losses, is im- low density (or high insulating value) 

pervious to humidity conditions, and of Type “D*’ obtained by spray applica- 

protects all surfaces over which it is tion, is because that only by spraying 

applied against corrosion. It is chemi- can a large amount of desirable air cells 

cally inert, and not subject to clcctrol- be incorporated and retained in the 

ysis. mastic. 

Type “D” is waterproof throughout its Quantities of Gilsonite Insul-Mastic 
entire mass, and is especially effective in Type Insulation required for dif- 

preventing mildew and rot caused by ferent thicknesses, per 100 sq ft are 

condensation of moisture vapor on en- approximately: in .-12 gal; M in. -20 

cased metal panels. The total moisture gal; in. -30 gal. When applied M in. 

absorption when kept continually sub- thick at the rate of 20 gal per 100 so ft, 

merged in water, is only 3.2 per cent — the approximate weight of the applied 

too small to exert any practical effect. material is V/i Ihs per sq ft. Shrinkage 

A unique feature of Type “D*’ is that, is negligible, 
without any form of mechanical attach- The thermal conductivity (‘‘K” fac- 
ment, it bonds tenaciously with surfaces tor) of Gilsonite Insul-Mastic Type “D” 

at any angle from vertical to horizontal. Insulation, per sq ft per 1 in. thickness, 

including ceilings. Its bond is not is approximately 0.36. 

broken by extremes of heat or cold. An application of Type ]4 in. 

and the material adheres tenaciously thick reduces heat flow' through metal 

throughout its many years* life of full plates from 60 to 65 per cent, 
efficiency. Gilsonite Insul-Mastic Type “D” ro- 

Type “D*’ is a highly viscous, semi- tains its full functions of insulation and 

plastic material composed of from 65 resistance to acids and alkalies through- 

per cent to 75 per cent granulated cork out temperature ranges from 300 F to 

held in a matrix of genuine Gilsonite —40 F, but above 230 F, the coating be- 

asphalt which surrounds each individual comes progressively more susceptible to 
cork granule like a jacket. The total injury by mechanical means, llow'ii to 

asphaltic base of Type “D** contains —40 F, the material does not check, 

approximately 50 per cent w'ashed select crack, scale, or lose its bond, 
fine Gilsonite. Inert fillers of flake mica. Type “D** has a black finish and does 
asbestos fibre, etc., provide for pro- not require any additional painting or 
longed efficient functioning. other exterior surface treatment. If a 

Application of Type '‘D** is easily and light or bright surface is preferred, how- 

rapklly made by spray under high air ever, Insul-Mastic manufactures a gil- 

pressure, thereby assuring uniform thick- sonite base aluminum coating which is 

ness of covering over entire surfaces completely compatible w'hen sprayed 

sprayed, regardless of “high** or “low** over Type “D.** The resulting combina- 

areas, angles, bolt or nail heads, or other tion has the added advantage of ex- 
surface irregularities. There are no tremely high reflective properties. If a 

joints or seams in a sprayed-on applica- colored finish is desired for beautifying 

tion. (Type “D** can also be troweled.) purposes, Insul-Mastic Corporation sup- 

The material dries in from 3 to 9 days plies special Vermont slate granules in a 

depending upon weather, and reaches variety of colors for surface application 

constant weight in about 18 days. over Type “D.** 

A density as low as 16 lb per cu ft Type “D** is used as it comes from the 
can be obtained with Gilsonite Insul- drums. No pre-heating or other prepa- 

Mastic Type “D** when applied by spray ration of the material is necessary, 
and dried to constant weight. When Catalog on request. 
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Insulation 


Lockport Cotton Batting Co. Lockport, New York 


FLAMEPROOFED 



COTTON INSULATION 


Fire proofed and manufactured under Department of Agriculture Specifications 



Comes in four featured types to meet 
every insulation need: (1) Standard, 
open, blanket roll, backed by tough, 
waterproof, asphalt-coated kraft paper 
to form an effective vapor barrier. (2) 
Enclosed Blanket. Insulation is com- 
pletely enclosed in envelopt; made of 
asphalt -coated paper on one side and a 
porous or “breather” type paper on 
other side. (3) Open Aluminum Foil — 
providing all the features of open T^^pe 1 
plus the extra value of aluminum foil 
l)acking. Forms an effective vapor bar- 
rier-stops 90 per cent of radiant heat. 
(4) Enclosed Aluminum Foil. Superior 
in insulation plus values and thermal effi- 
ciency. Provides greater convenience, 
comfort, economy and performance. 

Thermal Conductivity— The “k” value 
for cotton is 0.24 Btu/hr/sq ft/degree 
F/inch. (See table.) 

Light Weight— Weight of 1 cu ft is 
lb. (See table.) 

Flame-Proofed — To comply with De- 
partment of Agriculture specifications. 

Moisture-Resistant— Chemical treat- 
ment, combined with natural protective 
coating on cotton fibres, enables cotton 
to effectively resist moisture. Prevents 
rot and mildew. 

Smooth Texture — Cotton contains none 
of the sharp particles that irritate the 
skin. 

Flexible— Cotton batt may be ex- 
panded or contracted to fit any enclosure. 



Easy to Warehouse and Handle. Offers 
far more “compressibility.” Uequires 
one third the trucking and warehouse 
space of ordinary insulation. 

Simple and Economical to Install. 
Saves from 25 to 40 per cent in costs. 

Designed to Maintain Maximum Utility. 
Resists all types of deterioration. Won’t 
sag or settle. Packaged in Rolled Form. 

Thicknesses— inches: 1, \}i. 2, 3, 35'8. 
Width — 16, 20, 24 in. centers. Lengths: 
Standard from 12 ft up. 

INSULATING VALUE OF VARIOUS 
INSULATORS^ 

The coeflIicieiitK of conductivity {k value) are 
oxpreHHed in Btu per hour per aquare foot 
per degree Fahrenheit per 1 in. of thickness 


TyiHS of Insulation 

Wgt.per 
Cu Ft 

Value 

Cotton: Insulating Batt 

Rock Wool : Fibrous material made 

.875 

0.24 

from rock . . 

Mineral W'ool: Fibrous material 

10.00 

0.27 

made from mineral slag 

Glass Wool ; Fibrous material made 


0.27 

from glass slag 

Rigid Insulation made from sugar 

1.50 

0.27 

cane fibre 

Chemically treated wood fibre be- 

13.50 

0.33 

tween layers of paper . . 

Eel grass between layers of paper 

3.62 

0.25 

3.40 

0.25 

Stitched and crei^ expanding 



fibrous blanket 

1.50 

0.27 

Shavings : Various from planer . . 

8.80 

0.41 

Corkboard: No binder added .. . 
Rigid insulation made from wood 
fibre 

7.00 

0.27 

15.90 

0.33 

Rigid fibre board made from shred- 
ded wool and cement 

24.20 

0.46 


Compiled from Gliapter 6. 

indicates temperature conductivity. 




InsuJatbn 


Mundet Cork Corporation 

7101 Tonnelle Ave. ihsoiatioh division North Bergen, N. J 

Manufacturerg of Corkboard, Cork Pipe Covering. Compresged Machinery Igolation Cork. 

Natural Cork ladation Mata, and all kinda and varietiea of Cork Specialtiea. 

Authorized contractors for high temperature insulation. 

Mundet Branchea 

Atlanta. Ga. Cincinnati 2. Ohio Indianapolis. Ind. New Orleans 16. La. 

Boston (No. Cambbidqe) 40 Dallas 1. Tex. Jacksonville 6. Fla. Philadelphia 30, Pa. 

Charlotte. N.C. Detroit 21, Mick. Kansas City 7, Mo. St. Louis 4, Mo. 

Chicago 16. III. Houston 1. Tex. Los Angeles (Maywood) San FRANasco 7, Calif. 


Mundet Distributers are Located in the Following Cities— Names and Addresses on Request 

ARIZONA Phoenix, Tucson MONTANA Anaconda TEXAS El Paso 

COLORADO Denver OHIO Toleco UTAH Salt Lake City 

CONNECTICUT Hartford OKLAHOMA Oklahoma City VIRGINIA Norfolk, Richmond 

D. C. Washington OREGON Portland WASHINGTON Seattle, 

IOWA Amana RHODE ISLAND Providence Tacoma 

MINNESOTA Minneapous SOUTH DAKOTA Brookings W. VIRGINIA Charlestown 

MARYLAND Baltimore TENNESSEE Johnson City WISCONSIN Appleton 

Knoxville, Memphis, Nashville 

NEW YORK, Averill Park, Buffalo, Plattsburo, Rochester, Utica, Westbury, L. I. 


Natural Cork— Cork in its natural state 
consists of minute hermetically sealed 
cells containing ''dead” air. Approxi- 
mately 200,()00,()00 cells per cubic inch. 
Cell walls are resinous, resilient, and im- 
pervious to the passage of air. There is 
no "free” air to conduct heat or moisture 
through the mass and no capillary at- 
traction. 

Mundet "Jointite” Corkboard 
— for all low temperature insulation and 
for acoustical correction. Natural cork 
is ground into ^ in. to in. granules and 
compressed under heat in moulds to pro- 
duce Mundet flat or shaped corkboard. 
Air spaces between granules are elimi- 
nated by the pressure and the milled 
resin in the cell walls cements the maas 
into a homogeneous structure retaining 
the properties of natural cork. 

Munaet Corkboard meets U. S. 
Government Master Specifications. Its 



Section of Mundet Moulded Cork Pii^ Cornering with 
Fitting, The pipe eaoering ie made in sectione S6 in. 
long, to fit all eitee of pipe. 


heat transmission is guaranteed not to 
exceed .29 Btu when tested in accordance! 
with Bureau of Standards regulations. 
In actual cold storage practice, this 
figure may be safely reduced to .27 Btu. 
Sold in standard 12 in. x 36 in. sheet. 
Standard thicknesses, ^2 > I *«•» l‘i 

in., 2 in., 3 in., 4 in., 6 in. 

Mundet "Jointite” Cork Pipe Covering 
Shown below, with fitting cover. Pro- 
tects all types of low temperature lines. 
Made in 3 thicknesses, with complete line 
of standard covers, suitable for pipes 
carrying sub-zero to 50 F temperature. 
Mundet Cork Vibration Isolation 
Machinery vibration encountered in 
heating and ventilating work is effec- 
tively controlled by the use of Mundet 
Natural Cork Isolation Mats. These 
consist of blocks of pure cork, held to- 
gether within a rigid steel frame or bound 
with asphalt paper applied with hot 
asphalt top and bottom. Mundet steel 
bound mats are usually used under ex- 
posed mounts ; asphalt paper bound mats 
under concrete foundations of the en- 
velope type. 

Engineering and Specification Service 

Our engineering efepartment is at the 
service of Architects and P^ngineers, to 
assist and advise in the preparation of 
specifications pertaining to cork. This 
service is available without obligation to 
any one who has a low temperature in- 
sulation or a vibration isolation problem. 
Our latest catalogue will be sent on re- 
quest. It is replete with information 
and data of value to every specification 
writer whose field touches our products. 
Mundet Contract Service 
Covers the complete installation of our 
products, in accordance with best estab- 
lished practice. Divided responsibility 
is avoided. Materials and workmanship 
are guaranteed. 
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The Pacific Lumber Company 

100 Bush Street, San Francisco 4, Calif. 

35 East Wanker Drive, Chicago 1, 111. 5225 Wilshire Blvd., Los Angeles 36, Calif. 




Typical method of applying in- 
sulation far ceiling of Cold Stor- 
age builimgt showing vapor- 
proofing* 



Normal application of insulcUion 
and vapor-proofing for floor of 
Cold Storage building. 



PROVIDES 

EFFICIENT 

INSULATION 



Here are some of the outstanding qualities that 
make Palco Wool an ideal insulation for either 

E rivate home or low-temperature refrigeration — 
low thermal conductivity (0.255 Btu) makes it 
one of the most efficient insulations in use today. 
Palco Wool is entirely self-supporting, and will 
not settle or compact inside a wall. Permanence 
is further insured by its ability to withstand mois> 
ture — due to its non -hygroscopic characteristics, 
it will not decay or deteriorate. Palco Wool repels 
insects and vermin. It is odorless, and will not 
absorb odors. Specially processed Palco Wool is 
Saferized under an exclusive process which makes 
it flame-proof. 

The low cost and high efficiency of Palco Wool 
make it your choice for home or cold storage in- 
sulation. Constant low temperature for refrigera- 
tion — ^year ’round comfort for homes — these are 
the benefits offered by Palco Wool. 

Write now for your free copy of these booklets— 
The Cold Storage Manual or the Home Owners’ 
Manual. 

Check These 
8 Proved Qualities : 



1. High thermal efficiency 

2. Economy 

3. Durability 

4. Non -Settlement 

5. Odor-Proof 

6. Vermin-Repellent 

7. Moisture -Resistant 

8. Fire-Resistant 



Home In^dUUion in bathroom, 
using Palco Wool as a noise 
muffler and an insulator, 
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Insulation 


United States Gypsum Company 

General Offices: 300 W. Adams Street, Chicago, 111. 
INSULATION PRODUCTS 

Batt Decorative Structural 


RED TOP* INSULATION WOOL 



RED TOP MINERAL WOOL BATTS 
“k” Valve .27 Btu’s 

Made for standard (16 in. or 24 in. 
O.C.) framing in two thicknesses, Me- 
dium (Approx. 2 in.) and Thick (Approx. 
3 in.). Lengths are either 24 in. or 48 
in. Batts are provided with an efficient 
vapor barrier paper providing nailing 
flanges for easy application. Ade- 
quately packed to insure material will 
arrive at the job in good condition. 

Decorative 



Decorative 

WEATHERWOOD* PLANK— Manu- 
factured in widths of 8, 10, 12 and 16 
inches and in lengths 6, 8, 10 and 12 feet — 
34 inch thick. The fitted edges (see cut) 
conceal nails and seal against dust and 
air infiltration. WEATHERWOOD 
Plank is made in Blendtex (gray and tan j 
blends) and Hilite (ivory) colors. When 
combined in variations of shades and 
width, Weatherwood Plank produces 
maximum values in both insulation and 
decoration. 


Appearance of edge after inetailation 
•Reg. U. S. Pat. Off. 


WEATHERWOOD TILE— Available 
in 12 X 12, 12 x 24, 16 x 16 and 16 x 32 
inches in 34 thickness. Colors are 
Blendtex (gray and tan blends) and 
Hilite (ivory). 

WEATHERWOOD PANELTILE— 

Hilite color available in 12 x 24 and 16 x 
32 inches in % inch thickness. Blendtex 
colors available in 12 x 24 and 16 x 32 
inches. Tile sizes 12 x 24 and 16 x 32 
inches can be mill cross scored to repre- 
sent 12 X 12 and 16 x 16 sizes. All tile 
have fitted edges. 


Structural 



WEATHERWOOD SHEATHING— 

I Asphalt coated. 2 feet x 8 feet x % 
i inches thick, with tongue and grooved 
I long edges for horizontal application. 
Also available in 4 x 8, 4 x 9, 4 x 10 and 
4 X 12 feet in either 34 inch or % inches 
thickness with square edges for vertical 
application. 

WEATHERWOOD BUILDING 

BOARD — 4 feet wide, made in lengths 
6, 7, 8, 9, 10 and 12 feet, 34 inch thick 
in ivory color. Effectively insulates, 
strengthens and decorates. 

WEATHERWOOD INSULATING 

LATH — 18 X 48 inches x 34 inch thick with 
V joint on long edges. Gives an excel- 
lent plaster bond and also acts as a cush- 
ion for plaster with sound deadening 
qualities. 

Heat Loss Factors 

The heat loss factors shown on the 
opposite page indicate the comparative 
insulation value of various insulating 
treatments included in common con- 
struction systems. 
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United States Gypsum Company 


Insulation 


NOTE : TheHe figures apply to 1 story buildings. To get figures for 2 story homes add 20 per cent to the values 
below for the wall constructions and divide by one-half for floor and ceiling constructions. It is important 
to use correct factor due to variations in the ratio of wall and window areas. 


WALLS 

Basic Construction — Frame 
Wood Siding 
Wood Sheathing 
2 X 4’b 

Rocklat h & Plaster 

NoWool 

Between Top Wool 
Studs i'' I 2* I S'' 


Basic Construction 
Substituting in Above Basic 
Const. 

a. W WW Sheathing 

b. It WW Plaster Base 

c. H" WW Plaster Base 

d. r WW Plaster Base 

e. W WW Sheathing and 

WW Plaster Base 

f. hi" WW Bldg. Bd., Tile or 
Plank 

g. H'' Bldg. Bd., or Tile 

h. Gyplap Sheathing 


.248 .120 . 083 . 064 


.186 .105.076.050 

.183 .103 . 076 . 050 

.157 . 004 . 060 . 0551 

.143 . 088 . 067 . 054 

.147 . 000 . 068 . 054 

.187 .104.077.050! 

.160 .095.070.05 

.310 .135 . 000.1 



WALLS 

Basic Construction 
S'' Brick Wall-4'' Face Brick 
and 4" Common Brick — No 
Interi or finish 

NoWooll Adding 
Petween Wool 


Basic (construction | 

Adding to Above Basic Const. 

a. * 2 " Plaster | 

b. Kocklath and Plaster | 
(Furred) 

e. } 2 ' WW Plaster Base and ! 
PI. (Furred) | 

d. U" WW Plaster Base an<l 

PI. (Furred) | 

e. 1" WW Plaster Base and PI. 1 
(Furred) 

f. WW Bldg. Bd., Tile or 
Plank 

. WW Bldg. Bd., Tile or 
Plank 

h. rWWBd., Plank or Tile 
. * 2 *' Sheetrock Furred 
Based on Furring Strip 
Based on Full Dimension 



2" 

3" 

.143 

.003 

.060 

.121 

.084 

.064 

.112 

.079 

.061 

.101 

.073 

.058 

.124 

.085 

.065 

.115 

.081 

.062 

.104 

.075 

.059 

.146 

.095 

.070 



WALLS 

Basic Construction— Brick 

Veneer 
4" Brick 
Wood Sheathing 
2 X 4’b 

Rockla th & Plaster 

NoWool Adding Red 
Between Top Wool 
Studs 1 ^ I 2'^ I a*' 


Basic Construction 
Substituting in Above Basic 
Const. 

a. WW Sheathing 

b. K" WW Plaster Base 
Ji' WW Plaster Base 

d. r WW Plaster Base 

e. i!" WW Sheathing and 
H" WW Plaster Base 

f. 14" WWBldg. Bd.. Tile or 
Plank 

g. H" WW Bldg. Bd. or Tile 

h. Gyplap Sheathing 

i. Sheetrock 

j. Gyplap Sheathing and 
}4" Sheetrock 


.270 .125 . 085 . 065 


.202 .111.078 . 061 

.200 .107 . 077 . 060 

.178 .102 . 073 . 058 

.157 . 004 . 070 . 055 


.215 .112 . 076 . 061 

.187 .104 . 075 . 050 

.350 .128 . 087 . 066 

.288 .130 . 088 . 066| 

.368 .142 . 003 . 060 


Basic Construction — Plywood 
Plywood on Wood Studs 
Outside— Inside with 
one Air Space Over H" 

NoWool Adding Red 
Between Top Wool 


Basic Construction 

Substituting in Above Basic 
Const. 

a. 'r WWBldg. Bd., Tile or 
Plank 

b. fi''WW Bldg. Bd. or Tile 

c. 1" WW Bldg. Bd. or Tile 

d. H'' Sheetrock 

e. } 2 " Sheetrock 

f. Adding to basic construc- 
tion WW Sheathing 


.151 .095 . 074 


.275 

.126 

.087 

.065 

.230 

.115 

.081 

.062 

.196 

.106 

.076 

.060 

.430 

.151 

.095 

.074 

.413 

.148 

.095 

.074 

.218 

.113 

.080 

.061 



Basic Construction 
Maple or Oak Floor- 
ing on Yellow Pine 
Sub-Flooring 


NoWool 


Between 
Joists ' 


Basic Construction 

Adding to Above Basic 
Const. 

a. 14" WW Bd. on bottom of 


.340 .138 . 001. 


joists 

.180 

.102 

.075 

.059 

H" WW Bd . on bottom of 
joists 

.158 

.004 

.070 

.055 

!• WW Bd. on bottom of 
joists 

.141 

.088 

.066 

.053 


Above calculations based on data from A.S.H.V.E. Guide— 1942. 
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Wood Conversion Company 

Dept. 220-9 First National Bank Building 

St Paul U Minnesota 

NEW YORK CHICAGO DENVER 



EFFICIENT INSULATION FOR EVERY NEED 


For many years a leader in the insula- 
tion field, Wood Conversion Company 
manufactures a complete line of fiexible, 
fiber and rigid insulation for all indus- 
trial and domestic purposes. This in- 
sulation is the product of scientific 
research, and is especially designed to 
embody the most desirable qualities for 
every use. Backed by the name of 
Weyerhaeuser, Wood Conversion Com- 
pany insulation assures high efficiency 
and long, satisfactory service. 

Balsam-Wood Sealed Blanket Insu- 
lation — A building insulation that is 
completely armored against the three 
major insulation enemies — wind, vibra- 
tion and moisture. The Balsam -Wool 
mat is completely enclosed in tough 
vapor resistant liners which surround all 
four sides, with spacer flanges which 
assure positive application. Balsam- 
Wool will not settle or pack down within 
walls — ^is fire retardant and vermin re- 
sistant. 



K-25— A clean, new wood fiber insula- 
tion with an amazingly low K factor. 
Shipped in compact bales, K-25 is easily 
processed on the job to create a lastingly 
effective insulation and is ideal for use in 
walk-in coolers, cold storage plants, 
locker plants, etc. 

K-25 Fiber Pneumatic System — The 

modern, high-speed, automatic way to 
insulate domestic refrigerator cabinets 
and doors. Fluffed to proper low dens- 
ity in the manufacturer’s plant, K-25 
is blown into cabinets and doors under 
high pressure, forming a tightly felted 
insulating mat without joints, lamina- 
tions or voids. 

Tufflez — A soft, felted blanket material 
made from fleecy wood fiber, combines 
high insulating efficiency with toughness 
and exceptional resistance to heavy im- 
pact blows. Tuffiex is light in weight and 
nonabrasivc — will not tear or pull apart 
even when cut into narrow strips. Tuf- 
flex is available in rolls or sheets of vari- 
ous thicknesses and widths. 



NU-WOOD STRUCTURAL INSULATION 


Nu-Wood Interior Finish— A multiple- 
purpose wood fiber material available in 
tile, plank and board. Nu-Wood insu- 
lates, decorates and quiets noise. Nu- 
Wood’s colors are soft and harmonious — 
will not fade. The Nu-Wood interior 
finish line includes Sta-lite, an insulating 
interior finish with more than 70 per cent 
light reflection. 


Nu-Wood Insulating Lath— Used as a 
plaster base, assures strong, smooth, 
true walls and ceilings, free from cracks. 

Nu-Wood Roof Insulation— Will fill 
all requirements of Federal specification 
LLL-F-321b. Furnished in any prac- 
tical thickness. 
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American Flange & Manufacturing Go. Inc. 

30 Rockefeller Plaza, New York 20, N. Y. 

Plaza 7>2200 

Terro^erm 

Reg. Ur_S. Pat. Off. 

STEEL INSULATION 

FULLY PROTECTED BY U. S. AND FOREIGN PATENTS 
ISSUED AND PPJNDING 



Fcrro-Thcrni Steel Insulation, made 
from rigid steel sheets with a special alloy 
coating, reflects 90 per cent to 95 per cent 
of all radiant heat. This high reflec- 
tivity, combined with extremely low heat 
storage capacity, provides maximum 
insulating efficiency in a minimum over- 
all thickness. 

Saves Pay Space and Weight 

In cold storage construction, the number 
of sheets of Ferro-Therm depends on the 
temperature to be maintained and the U 
value required. The k value of Ferro- 
Therm, based on tests, is listed in the 
Data Book of the American Society of 
Refrigerating Engineers as 0.226 Btu per 
(hr) (sq ft) temperature difference). 
Laboratory tests and thousands of apuli- 
cations have demonstrated that a wall of 
Ferro-Therm will provide insulating effi- 
ciency equivalent to a wall of mass 
insulation approximately twice as thick. 


Assures Rapid Pull Down 
of Temperature 

The low heat storage capacity of Ferro- 
Therm is extremely important in achiev- 
ing rapid pull down of temperature, and 
in saving refrigeration costs for the 
initial and each subsequent cooling of 
space. Specifically, the heat storage 
capacity of a single sheet of No. 38 gauge 
is 0.029 Btu per (hr) (sq ft) (°F tempera- 
ture difference). This is approximately 
3ili of the heat storage capacity of 1 sq ft 
of 1 in. thickness corkboard. 


Permanent, Fire-Proof 
Insulation 

Ferro-Therm construction eliminates 
trapping of moisture condensate, with 
subsequent deterioration of the construc- 
tion. As it is all-metal, Ferro-Therm 
cannot be penetrated by rodents, vermin 
or termites, and is absolutely non-com- 
bustible. The value of Ferro-Therm for 
fire protection is apparent. 

IZS'^ Below Zero Maintained in 
Altitude Test Chambers 

Ferro-Therm has proved its superiority 
in buildings, cold storage rooms, refriger- 
ated cabinets, locker rooms, dry ice con- 
tainers, refrigerated railway car con- 
struction, ovens, high-temperature 
storage tanks — in fact, practically every 
t^e of application where high insulating 
efficiency with economies in space and 
weight are a requisite. The most nota- 
ble demonstration of Ferro-Therm per- 
formance has been its selection for the 
insulation of altitude chambers for the 
testing of Army and Navy aviation 
equipment and personnel. In these 
chambers, temperatures as low as 
— 125®F were maintained, with a tem- 
perature drop of -fTO^F to — 70®F in 10 
to 12 min. 


Our catalog, giving data and installation details 
on Ferro-Therm, will be sent upon jrequest. 
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Infra Insulation, Inc. 

10 Murray Street, New York 7, N. Y. 

Telephone: COrtlandt 7-3833 


Thermal Factors of Infra Insulation 

C.052 Heat Flow Down - Equals 6^ Rockwool : U - .045 

C.083 Heat Flow Up - Equals 3.97^ Rockwool : U - .066 

C.IO Lateral Heat - Equals 3.33^ Rockwool : U - .068 

Infra Insulation, Type 4, is a tough, multiple sheet, aluminum insulation with 4 
heat ray reflective surfaces : two outer reflective spaces and 2 rows of inner, triangular 
reflective spaces. It is easily and quickly installed between joists and studs, steel 
girders, etc. The 2} cu ft carton contains 1000 sq ft and weighs but 55 lbs. 

Heat flow through wall spaces without insulation is as follows: by Conduction, 5 
per cent to 7 per cent; by Convection, 15 per cent to 25 per cent; by Radiation, 65 
per cent to 80 per cent. 

RADIATION “The aluminum surfaces of Infra Insulation turn back, REJECT, 97 
per cent of the heat rays which strike them. They transmit, or emit, or radiate only 
3 per cent of any heat actually absorbed by all the three heat flow methods. The 
surfaces of ordinary insulation ABSORB and EMIT more than 90 per cent. 

CONDUCTION : — One sq ft of Infra Insulation weighs but 1 oz, has only 1 cu in. of 
mass. The ratio is 1 of Infra mass to 4S1 of low -conductive air. Ordinary insulation 
has a ratio of 1 of mass to 2S of air. 

CONVECTION AND VAPOR; — Each of the 2 tough aluminum sheets of Infra 
Insulation has ZERO permeability to all gases, including heated air, cold air, and 
water vapor. Together with the inner, separating ACCORDION partition, they i)re- 
vent the flow of heat by Convection, and the flow of vapor when properly installed. 

In their book, ‘‘Insulation,’* Dalzell & McKinney of the American Technical 
Society state on Page 29: ** Thermal insulation with a metal is made possible by taking 
advantage of the low thermal emissivity of aluminum foil and the low thermal conduc- 
tivity of air. It is possible with this type of insulation practically to eliminate heal 

Infra Insulation uses 99.5 per cent 
pure Aluminum, made in accordance 
with special Infra Emissivity Specifi- 
cations. It has 500 per cent to 1700 per 
cent greater bursting strength than 
ordinary foils. The special fiber used is 
permanently flame-proof, mold-proof 
and vermin-proof. By nature of its 
structure. Infra Insulation can not form 
condensation, nor absorb nor store 
moisture. 

Since Infra emits practically no heat 
rays, and since aluminum’s melting 
point is 1250F, Infra Insulation is an 
efficient FIRE-STOP. Infra is sani- 
tary, inhospitable to rodents and ver- 
min and DOES NOT RETAIN 
ODORS. Mechanics like to work with 
Infra. It is CLEAN, free of DUST or 
lint, with permanent freedom from 
floating particles. 

Ask for a copy of the new edition of 
our authoritative manual, Simplified 
Physics of Thermal Insulation,** address 
Dept. V.-G. 
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INSULATION 


Manufactured by 

Reflectal Corporation 

155 East 44th Street 

New York 17, N. Y. 


HEAT INSULATION for ALL PURPOSES 



Easy to Apply 



Handy Package — 250 Sq Ft of Inevlali 


Alfol Building Blanket — for all Types of 
Building Structures. 

Alfol Building Blankets consist of spaced 
layers of Alfol Aluminum Foil Insulation at- 
tached along the edges to a liner sheet of heavy 
vapor proof paper. 

Packaged in handy rolls of 250 sq ft each for 
use on 16 in., 20 in. or 24 in. centers. Weighs 
less than Vio lb per sq ft. 

• High Insulating Efficiency 

• Positive Vapor Barrier. 

• Low Heat Storage Capacity. 

• Negligible in Weight. 

• Moisture Proof. 

• Durable. 

• Odorless and Clean. 

• Easily Applied. 

• Low Cost. 


Specifications 


Description 


WUitlis 


Net Area Net Weight 
per Roll I ijer Roll 


Type I — : 16''-2r . 250 sq. ft. j 17 lbs. 

1 Layer ALFOL 

Type II.- ir)'-20'^-24^; 250 sq.ft. : 19 lbs. 

2 Layers ALFOL ! 

Tyiie III.— ! 16*'-24'^ : 250 sq. ft. ! 20 lbs. 

2 Layers ALFOL 

TyiHj IV.~ ; 16''-20^-24'". 250 sq. ft. , 23 lbs. 

3 l^ye re AL FOL ^ 


ALSO 


• ALFOL PREFABRICATED INSULATION PANELS 

For Tanks, Towers, And All Types of Heated Equipment. 

• ALFOL ASBESTOS 

Alfol Aluminum Foil Insulation liaminaled To .\8l)esto8 For Ovens, Ranges, Boiler 
Jackete, Hot Water Heaters, And All High Temperature Insulation Purposes. 

• ALFOL JACKETING 

Heavy Reinforced Paper Combined With Alfol Aluminum Foil. Provides Insula- 
tion And Vapor Barrier In One Convenient Form. For Refrigerator Cars, Trucks, 
Buses, Trailers, Etc. 

Write for complete informatloii, catalogs and prices. 
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Insulation 


Silvercote Products, Inc. 

161 East Erie Street, Chicago, HI. 


s I Lv i: nv o r i: 


INSULATION 


Silvercote Heat Reflective Surfaces — The silver-like surface of Silvercote reflective 
insulation consists of a polished, heat reflective coating applied to a special kraft 
paper. The importance of using a Silvercote radiant heat reflective surface in 
modern building construction is obvious when it is realized that from 50 to 80 per 
cent of the heat transferred across a normal air space is in the form of radiation. 


REFLECTIVE SHEET INSULATIONS 

Silvercote Duplex — A thin flexible vapor 
barrier and insulation consisting of two 
sheets of Silvercote paper bonded to- 
gether with asphalt . This material , con- 
taining two exposed Silvercote surfaces, 
weighs approximately 65 lbs per thousand 
sq ft and is manufactured in 500 sq ft 
rolls in widths of 36 in. or 52 in. to span 
two 16 in. or 24 in. standard framing 
spaces. These widths permit bow -in of 
the Silvercote over the room side of the 
framing members to form an air space 
between the insulation and the interior 
finish. The water vapor permeability of 
Silvercote Duplex, when tested in accord- 
ance with the dry method ASTM tenta- 
tive standard C214-47 and subsequent 
modifications, is 0.23 grains per sq ft per 
hour per inch of mercury vapor pressure 
difference. 

Silvercote Simplex— An economical vapor 
permeable reflective insulation designed 
for use where a vapor barrier is not re- 
quired. Silvercote Simplex is a single 
sheet of special kraft paper coated on 
both sides with the Silvercote surface. 
It weighs approximately 30 lbs per thou- 
sand sq ft and is manufactured in 500 sq 
ft rolls in 36 in. or 52 in. widths to span 
two 16 in. or 24 in. standard framing 
spaces. These widths permit bow-in of 
the Silvercote over the exterior side of 
the framing members to form an air space 
between the insulation and the exterior 
sheathing. The water vapor perme- 
ability of Silvercote Simplex, when 
tested in accordance with the dry method 
ASTM tentative standard C214-47 and 
subsequent modifications, is 99.2 grains 
per sq ft per hour per inch of mercury 
vapor pressure difference. 


REFLECTIVE BLANKET 
INSULATIONS 

Blanket Insulation, Silvercote on Va^r 
&rrier Side — A popular building insula- 
tion available in various thicknesses and 
faced on the vapor barrier side of the 
blanket with Silvercote paper. Manu- 
facturers of this type of reflective blanket 
apply an asphalt coating to the back of 
the Silvercote paper for the twofold pur- 
pose of bonding the insulation material 
to the Silvercote paper and to lend vapor 
resistant properties to the blanket at the 
room side of the insulation. The oppo- 
site side of this type of reflective blanket 
is a plain kraft liner perforated where 
necessary to allow compression packag- 
ing and also to assure ample water vapor 
permeability at the so-called breather 
side of the blanket. 

Reflective Blanket, Silvercote on Breather 
Side — This product was developed for 
application in structures where only one 
air space adjacent to the cold side of the 
blanket is available. An air space face<l 
on one side with a Silvercote surface will 
have approximately equal effectiveness 
whether formed on the vapor barrier or 
the breather side of the blanket. Since 
Silvercote paper is in itself not a vapor 
resistant material, it can readily be used 
on either side of blanket insulation . The 
reauired vapor barrier on the room side 
of blanket insulation is provided by the 
asphalt bonding agent. 

Reflective Blanket, Silvercote on Both 
Sides— A de luxe insulation material 
utilizing the maximum insulation value 
of blanket insulation, air spaces and heat 
reflective surfaces. The vapor barrier 
side of this reflective blanket is Silver- 
cote paper bonded to the insulation ma- 
terial with an asphalt vapor barrier ad- 
hesive. The breather side of this efficient 
insulation is therefore plain vapor per- 
meable Silvercote paper. 


1374 




Silvercote Products, Inc. 


Insulatton 


AVAILABLE UPON REQUEST 

Silvercote*8 Handbook of Values 

108 page illustrated booklet listing 12,852 values of various walls, floors and ceilings 

Silvercote *8 Handbook of Values is unique in that it provides summer as weH 
us winter “U” values. The Handbook’s ppecial listing of ceiling values to indi- 
cate heat flow down characteristics will be of interest to those who are concerned 
with summer comfort as well as winter fuel savings. 

Specimens of Page Style and Content Arrangement 


CEILINGS 

1/2" PLASTER ON 

3/8” GYPSUM LATH 


Ventilated Space Between 
Cellli« Section and Roof 


INSULATION: FLEXIBLE BLANKET, SILVERCOTE ON BOTH SIDES 


INSULATION THICKNESS 


COVERING OVER 
JOISTS 


DOWN 

iiUMMESi 


DIRECTION OF HEAT FLOW 


UP — WINTER 
TEMPERATURE ZONES 


-SO® -20®[-10® I 0® j ♦10®| +20® I ♦SO® 



CEILINGS 

1/2" PLASTER ON 

3/8" GYPSUM LATH 


Ventilated Space Between 
Celllnf Section and Rool 


INSULATION: FLEXIBLE BLANKET. SILVERCOTE ON VAPOR BARRIER SIDE 


INSULATION THICKNESS 

COVERING OVER 
JOISTS 

DIRECTION OF HEAT FLOW | 

DO^ 

UP — WINTER 

TEMPERATURE ZONES 


-SO® 

-20® 

-10® 

0® 

♦10® 

♦20® 

♦so® 











1 " Bijnkel 

None 

.11 

.15 

.15 

.15 

.15 

.15 

.15 

.15 

2" BUnfcel 

None 

.06 

.10 

.10 

.10 

.09 

.09 

.09 

.09 


WOOD FRAME WALLS 

YP LAP SIDING 


INSULATION: SILVERCOTE DUPLEX 



SHEATHING 

INTERIOR FINISH 

TEMPERATURE ZONES 

CQ 

PJj 


D 



E3 


Fir or Y.P. »/» " 

1/1" planter on 3/S" fTP*um lath 

.15 

.15 

.15 

.u 

.u 

.u 

.u 


and Buildlnt Paper 











3/4" planter on metal lath 

.15 

.15 

.15 

.15 

.15 

' .u 

.u 



3/1" gypanm wnllboard 

.15 

.15 

.15 

.15 

.15 

.u 

.u 



1/2" inaulatlac board 

.12 

.12 

.12 

.12 

.12 

.12 

.12 



1/4" plywood 

.15 

.15 

.15 

.15 

.u 

.u 

.u 


Plywood 5/16“ 

1/1" plaster on S/I" gypium lath 

.16 


.16 

.16 

.16 

.15 

.15 


and Bulldinc Paper 


-iP- 

-AIL. 







Write for Silvercote^s Handbook of “17” Values, 
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Publications 


American Society of Refrigerating Engineers 

40 West 40th Street, New York 18, N. Y. 



The most 
rapidly 
growing 
magazine 
in the 

refrigeration 

field 


TONG acknowledged the most au- 
■^thoritativc periodical in the field, 
Hefrigeraling Engineering has added 
steadily to the practical value of its con- 
tents, and its number of readers has 
grown in proportion. A wide variety of 
material is presented, all from the view- 
point of its usefulness to the reader in his 
own business. This magazine is a must 
for men who keep in touch with all that is 
new and important in refrigeration and 
air conditioning. The annual subscrip- 
tion price is $4. 

THE REFRIGERATING DATA BOOK 


I S an essential tool in the refrigeration 
and air conditioning industries. It 
has been published biennially since 1932 
and appears in two volumes, published 
alternately— the Basic volume, now in 
its sixth edition, a standard reference 
work which deals with refrigeration cy- 
cles, fundamental data, industrial, 
domestic, and commercial systems, and 
air conditioning; the Refrigeration Ap- 
plications volume, consisting wholly of 
practical how-it-is-done chapters on all 
the known applications of refrigeration 
and air conditioning. The current edi- 
tion is dated 1946. Volumes sell for 
$7.00 and $6.00 respectively in the U. S. 


REFRIGERATION ABSTRACTS 

A JOURNAL devoted to abstracts of 
•^all worthwhile articles appearing on 
the subject of refrigeration and air con- 


ditioning theory and applications in more 
than 300 current publications through- 
out the world. Prepared by a staff of 
experts, it is invaluable for those en- 
gaged in research, design, or in explora- 
tion of unfamiliar fields. Five issues 
annually at $7.00. Subscriptions can be 
predated to include the January, 1946 
issue. Additional information on re- 
quest. 

APPLICATION DATA BULLETINS 

S OME 40 bulletins are available sepa- 
rately at reasonable prices for single 
copies or quantity orders and can also be 
had bound with a paper cover, the com- 
plete set for $9.00. 

The APPLICATION DATA Bulletins 
tell precisely how refrigeration is used in 
various fields, giving examples and spe- 
cific information on the best practice up 
to date. Some of the subjects covered to 
date are: refrigeration of locker plants, 
fur storage, restaurants, liquids, apples 
and pears, skating rinks, butter and 
cheese making, milk plants, citrus fruits, 
beer dispensing, retail stores, wine mak- 
ing, load calculations, operation of am- 
monia machines, meat packing plants, 
etc. 

CODES AND STANDARDS 

^HE ASRE further contributes to 
refrigeration progress by its partici- 
pation in establishing codes and stand- 
ards in the industry. Among the recent 
codes made available are: Methods of 
Rating and Testing Air Conditioning 
PJquipment, Mechanical Condensing 
Units, Self-Contained Air Conditioning 
Units for Comfort Cooling, Refrigerant 
p]xpansion Valves, Evaporative Con- 
densers, Water-Cooled Refrigerant Con- 
densers; Safety Code for Mechanical 
Refrigeration; Recommended Practic(» 
for Mechanical Refrigeration Installa- 
tions on Shipboard. A complete set is 
available for $4.50. 

MEMBERSHIP ACTIVITIES 

r r is the policy of the ASRP] to treat 
in its meetings current subjects 
touching upon all phases of the art of 
refrigeration. Membership is in several 
grades with dues from $10 to $18. Sec- 
tions hold meetings in 29 principal cities. 
More detailed information will be sent if 
you wish. 


To keep apace with progress in refrigeration and air conditioning, read the publica- 
tions and follow the activities of THE AMERICAN SOCIETY OF REFRIGERATING 
ENGINEERS, 40 West 40th St., New York 18, N. Y. 
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Publications 


Coal-Heat 

Published at 

20 W. Jackson Blvd., Chicago 4, Illinois 

Phone Wabash 9464 


F or information 
on the use and 
sale of stokers, 
coal and coal heat- 
ing equipment, you 
can turn to C() AL- 
II EAT with com- 
plete confidence. 

Here is a maga- 
zine that appeals 
to every man con- 
cerned with the 
market, use and 
sale of solid fuel 
and modern berat- 
ing equipment . 

Having long since 
recognized the im- 
portance of prop- 
erly designed effi- 
ciently operated, 
j)roperly main- 
tained equipment 
to the successful 
use of coal, and 
therefore to the 
welfare of the coal industry, COAL- 
HEAT constantly emphasizes the signifi- 
cance of the “equipment factor” in heat- 
ing merchandising. 

It is only natural that COAL-IIEAT 
was the first trade magazine to recognize 
and promote the small stoker; to intro- 
duce many new developments in coal- 
burning equipment to further fuel con- 
servation ; to support the use of dustless 
treatment; and to urge the sale of equip- 
ment by coal men. 

COAL-HEAT has at its disposal an 
almost unlimited number of sources of 
authentic information on the topics it 
covers ; its articles are written by the best 
informed men in the coal, stoker and 
heating industries. It enjoys quite a 
following, not only among the most pro- 
gressive merchants in these industries, 
but among the industry’s leading com- 
bustion and heating engineers . For years 
it has championed the importance of the 
fuel engineer to the coal and stoker in- 


dustries, and each 
year prints many 
articles for and by 
fuel engineers. 

COAL-HEAT’s 
fundamental edi- 
torial policy is “to 
further the more 
satisfactory use 
and sale of coal and 
modern coal -burn- 
ing equipment.” 
It actively sup- 
ports the applica- 
tion of scientific 
and engineering 
knowledge to the 
use of coal and 
c o a 1 - b u r n i n g 
equipment. It 
covers both the 
merchandising and 
utilization of the 
coal, stokers and 
modern heating 
equipment. 

With over a million stokers in use to- 
day, the importance of COAL-HEAT’s 
field is clearly evident. It has been and 
is COAL-HEAT’s job to supply coal and 
stoker men with the information they 
need to insure satisfaction for stoker 
users. The same is true with hand-fired 
heating plants and all kinds of household 
and commercial coal heating equipment. 

In addition to providing its readers 
with a basic and diversified editorial pro- 
gram, COAL-HEAT also publishes a 
number of books and booklets, manuals 
and reprints covering a wide range of 
subjects of interest to coal, stoker and 
heating men. Its series of heating guides 
for the consumer have proved particu- 
larly popular. These are available at 
small cost. 

Subscription rates— $2.00 a year; iS.OO 
for two years in United States. Cana- 
dian and foreign rates $3.00 a year. 

Advertising rates and other informa- 
tion will be furnished upon request. 
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Publications 


Domestic Engineering Publications 

1801 Prairie Avenue, Chicago 16, Illinois 



9 TIMES A WINNER! 



3 Awards 
in 1947! 


During the past seven years DOMESTIC ENGI- 
NEERING editorial programs have lieen signally 
honored by our nation’s top-flight judges of edi- 
torial excellence. 

Why do we call attention to these achievements? 
First, because they are of definite significance to 
every manufacturer in this field. For, behind all 
of the editorial projects of these publications there 
is organization, teamwork, balance and attention 
to long range objectives. Not only are these the 
ingredients of prize winning editorial programs, 
they are prime requisites which must be provided 
by a publication if the advertising carried in it is 
to be of greatest possible benefit to readers and 
advertisers alike. 

These awards signify a consistent, year-aftcr- 
year effort plus a constantly broadening base of 
editorial service. The prize winning achievements 
of past years have become the basis for greater and 
more noteworthy accomplishments of succeeding 
years. This has been demonstrated by the grow- 
ing intensity of the competition for these prizes. 
Over 600 entries were registered in the contest. 

These editorial efforts, launched as routine ser- 
vice for our industry, have been given outstanding 
recognition among all business publications. 
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Puhtictttiant 


KEENEY PUBLISHING COMPANY 
6 North Michigan Avenue, Chicago 2 , 111. 

Heating, Piping and Air Conditioning 

This is the publication which carries the Journal of 
the A.S.H.V.E. in addition to its own regular editorial 
section. Its field is that of industry and large build- 
ings. It is devoted to the design, installation, opera- 
tion, and maintenance of heating, piping and air 
conditioning systems in such plants and buildings. 

Each January issue includes a complete directory of 
commercial and industrial heating, piping, and air 
conditioning equipment, which lists all products, 
their trade names, and the manufacturers’ addresses. 
It is the established buying and specifying guide of 
the industry. 

H. P. & A. C. is road by consulting engineers and 
architects . . . contractors . . . and engineers in charge 
of heating, piping and air conditioning in industrial 
plants, and other large buildings, federal, state, and 
city governments, school boards, and public utilities. 
All A.S.H.V.E. members are subscribers. 

Such coverage means, for the advertiser, considera- 
tion at all points in the selling of a heating, piping, or 
air conditioning product . . . consideration in its selec- 
tion during the preparation of plans and specifica- 
tions; in its actual purchase for installation; in its year-’round buying for operating 
and maintenance requirements. Without w’aste, the manufacturer of air condition- 
ing products and equipment can reach through IL P. & A. C. those from whom he is 
seeking the necessary engineering acceptance. Write for our new booklet ‘‘A Quick 
Picture.” 

Member — A.B.P, — A.B.C. Subscription Prices — U .S. $S per year. 

Canada, Central and So. America — $4 per year. Elsewhere $6 per year. 

American Artisan 

AMEMCAN ARTISAN covers the field of warm 
air heating, residential air conditioning, and sheet 
metal contracting. Its readers are warm air heat- 
ing and sheet metal contractors, dealers, jobbers, 
manufacturers, and public utilitv companies. 

A special section of each issue has been devoted 
to air conditioning since 1932, when it first became 
apparent that air conditioning for homes was to be 
along the lines of the central forced warm air heat- 
ing system. As a result of the ready adaptability 
of this type of heating system to all air condition- 
ing factors, hundreds of thousands of homes todav 
have winter air conditioning — supplied through 
forced warm air heating with air cleaning and 
humidification. Cooling apparatus can be 
attached to these systems readily whenever year- 
’round air conditioning is desired. 

Each January issue includes a complete directory 
of warm air heating, air conditioning, and sheet 
metal products and equipment, which lists all 
products, their trade names, and the manufac- 
turers’ addresses. 

The key man in the residential air conditioning picture is the warm air heating and 
sheet metal contractor—the one man experienced in “treating air” at a central place 
and getting it properly distributed. And the key publication — because it reaches 
these key men with an information service that has made it the recognized authority 
on residential air conditioning practice — is AMERICAN ARTISAN. For full infor- 
mation on this field, write for a c<my of “A Quick Picture.” 

Member— A.B.P, — A.B.C. Subscription Prices— U .S. $$ per year. 

Canada, Central and So. America— 44 per year. Elsewhere 46 per year. 
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Publications 



Heating and 

VENTILATING is a 
monthly publication 
read by engineers and 
contractors. These 
are the men who spec- 
ify, install and main- 
tain the mechanical 
equipment used in 
heating, ventilating, 
air conditioning and 
refrigeration systems 
of industrial , commer- 
cial and institutional 
buildings and resi- 
dential projects. Its 
readers include also 
engineers and design- 
ers of the firms which 
manufacture this me- 
chani cal equi pmen t . 

The editorial content is edited to be of 
practical use to these engineers, and is 
prepared under the direction of field - 


experienced profes- 
sional engineers. 

Generally speaking, 
the emphasis is on 
practical rather than 
on theoretical con- 
siderations. 

Each month an orig- 
inal Reference Data 
sheet is included for 
permanent use in a 
standard binder. 

Special sections are 
published from time 
to time. These sec- 
tions are devoted to 
subjects of timely in- 
terest, such as Heat 
Pump, Radiant Heat- 
ing, Piping, Cooling 
Coils, Air Sanitation, 
Exhaust Hoods, Air Conditioning, etc. 
A comprehensive Buyers Directory is 
published the first of each year. 



CIRCULATION 


HEATING AND VENTILATING 


total distribution (A.B.C. Report, May, 

1948)— classified as follows : 

Consulting Engineers (449) and 
Architects (138) Engineers Em- 
ployed by them (434). 1,021 

Contractors (2,487) and Engineers 
Employed by Contractors (397). 2,884 

Governments and School Boards 
and their Engineers 881 

Public Utility Group 555 


Industrial Firms, their Executives, 
Engineers and other Employees. 1,699 

Buildings, Real Estate Manage- 
ment Companies, their Engi- 
neers 527 


and Employees (796) and De- 
signing Engineers (239) 1 ,035 

Manufacturers* Agents and Sales 
Engineering Firms (238) Sales 
Engineers and Salesmen (892) . 1,130 

Wholesalers (177) and Dealers 


(532) 709 

Educational Institutions, ^ Li 
braries, Technical Associations 402 

Miscellaneous and Unclassified . . 396 

ri;339 

Field Staff, Correspondents, Ex- 
changes, Advertisers, Advertis- 
ing Agencies and Samples 712 

TOTAL 12,051 


Manufacturers of Air Condition- 
ing, Heating, Pipi^ and Venti- 
lating Equipment, Their Officials 


Subscriptions to HEATING AND 
VENTILATING, 148 Lafayette St., New 
1 York 13, are $3.00 a year. 
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Publications 


Sheet Metal Worker 

Published by Edwin A. Scott Publishing Company 
45 West 45th Street *New York 19; N. Y. 



SuhacTiption rales— tS.OO per year, 
U. 8., Canada and Pan Amer. 
Foreign ti.OO. Advertising rates on 
rsQuest. 


T he January 1949 issue of Sheet Metal 
Worker was its 75th Anniyersay and Directory 
Number. It is the oldest publication in its field and 
is of vital importance to men interested in sheet metal 
work — air conditioning — warm-air heating and ven- 
tilation. Founded in 1874 and published to 1909 by 
David Williams Company; 1909 to 1920 by United 
Publishers Corp.; since 1920 by, the Edwin A. ^ott 
Publishing Co. 

Subscribers are mainly merchandising contractors 
purchasing practically all products and equipment 
which they fabricate, erect or install. Manufacturers, 
jobbers and distributors also subscribe. 

The market has three main divisions: 

(1) Equipment for resale in connection with erection or installa- 
tion work. 

(2) Materials for fabrication. 

(3) Hhop equipment and supplies. 

Circulation: Sheet Metal Worker is a mem- 
ber of the Audit Bureau of Circulations and the 
Associated Business Papers. 

Sheet Metal Worker also publishes books on 
heating, ventilating, sheet metal work, air condi- 
tioning, etc. 

The Annual Issue published in January, contains a 
comprehensive and valuable Directory Section. 


Plumbing and Heating Journal 

Scott-Choate Publishing Co., Inc., Publishers 


45 West 45th Street, New York 19, N. Y. 


P I U M B I N Q 

HEATING 

JOURNAL 

— 






Subscription rales— $3.00 per year, 
U. S., Canada and Pan Amer. For- 
sign 14 . 00 . Advertising rates on re- 
quest. 


P LUMBING and Heating Journal is edited to 
furnish a well-rounded, efficient service to the men 
engaged in the plumbing, heating, ventilating and air 
conditioning fields. It covers both the technical and 
business phases of their work. 

It pives free technical service through a staff of 
practical engineers; expert merchandising assistance, 
and its technical and business articles are by men of 
recognized competence. 

THE JOURNAL editorial department draws its 
ne^Ts from scores of trained correspondents located at 
strategic points throughout the country. 

This combination of the technical, business, news 
and other aspects of the industry enables THE JOUR- 
NAL to achieve a finely balanced magazine that gives 
the reader the type of information he wants and needs, 
in brief, compact form. 

A department “With the Water Systems, “ informs 
the trade of the latest developments in the rural 
plumbing field and its increasing potentialities for the 
plumbing-— heating contractor^ especially with the re- 
cent extensions of rural electric lines throughout the 
country, 
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ENGINEERS OF HUMAN COMFORT 

The Heating, Ventilating and Air Conditioning Engineers through their 
work and research bring to our homes, schools, offices, factories, theaters, 
hospitals and other public buildings in both summer and winter, that 
climate best suited to our comfort and health. These men realize the 
basic importance of heating and ventilating as a primary element in the 
well-being of civilized mankind, living and working mostly indoors. They 
are truly Engineers of Human Comfort. 

Started in 1894, by a small but progressive group. The American Society 
of Heating and Ventilating Engineers now numbers over 6800 members, 
whose express purpose is to improve the Art through the interchange of 
ideas and the stimulation of scientific research anddnvention. 

The Society membership now includes engineers, educators, scientists, 
physicians, architects, contractors, and leaders of industry. Membership 
consists of Honorary, Life, Presidential, Member, Associate, Junior and 
Student grades. 

The management of the Society is entrusted to 4 Officers and a Council 
of 13 elected members. Continuity of policy is insured by electing 4 men 
annually for a 3-year term and retaining the retiring president on the 
Council for 1 year. Research work is in charge of the Committee on 
Research consisting of 15 members, 5 being elected annually for a period 
of 3 years. 

Two national meetings are held each year — ^the Annual Meeting during 
January or February, and the Semi-Annual Meeting usually in June. 
Regional meetmgs are held at the direction of the Council and 41 local 
chapter organizations hold monthly meetings. 

The three major activities of the Society are: Membership service. 
Publication, and Research, the record of its accomplishments being per- 
manently recorded in the annual TRANSACTIONS. 

Headquarters of the Society are maintained in The New York Life 
Insurance Building, 51 Madison Avenue, New York, N. Y., and its re- 
search laboratory, devoted to the study of fundamental principles of heat- 
ing, ventilating and air conditioning, is located at 7218 Euclid Avenue, 
Cleveland, 0. 

In September, 1894, a little group of nationally known engineers, educa- 
tors and manufacturers gathered in New York and agreed that the great 
art of heating and ventilating deserved and required recognition as an 
essential, distinctive and highly specialized division of modem engineering. 

These keen, alert, progressive men knew that the methods and equip- 
ment of their day could be improved, even beyond their own vision, if 
all the personalities striving for such improvement could be welded into 
one organized Cooperative group imbued with the same ideals and aiming 
for the same goal. They therefore formed themselves into the nucleus of 
such an organization and called it The American Society of Heating and 
Ventilating Engineers. 

Foreseeing the need for research they made it one of their first acts to 
establish a Committee on Standards. That the Charter Members had 
great faith in their enterprise is evident, although little did they dream 
that progress would be so rapid in their profession. 

During the intervening years, since that little group of 75 pioneers un- 
furled the banner of The Americaj^ Society op Heating and Ventilat- 
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INQ Engineers, thousands of the real leaders of thought and action in 
heating, ventilating, and air conditioning have gathered about that stand- 
ard and carried it proudly before them far along the way of outstanding 
accomplishment. They may be identified among engineering groups by 
the distinctive emblem which was adopted by the Charter Members. 

The first Annual Meeting was held in New York, N. Y., January 22-24, 
1895, and the organization was inc&rporated that^ same year, under the 
laws of the State. 

A. S. H. v. E. RESEARCH LABORATORY 

Since 1919 The American Society of Heating and Ventilating Engineers 
has maintained a permanent research staff and facilities devoted solely to the study 
of fundamental problems in the field of heating, ventilating and air conditioning. 
During the past quarter century much has been done to advance the art by estab- 
lishing scientifically sound ^ata which the engineer can apply in the design, opera- 
tion, and maintenance of heating, ventilating, and air conditioning systems and 
equipment. 

For twenty-five years the Society’s Research Laboratoiy was located at the 
U. S. Bureau of Mines Building, Pittsburgh, Pa. The Laboratory was moved to 
Cleveland in 1944, and early in 1946 the Society purchased premises at 7218 Euclid 
Avenue. In addition to work at the Society’s Laboratory, a substantial part of 
the resear(;h program has been carried on through the medium of cooperative 
agreements with leading educational institutions of the United States and Canada. 

All research activities are planned and supervised by the Committee on Research 
of 1 5 elected members, assisted by various Technical Advisory Committees of the 
Society. The research activities are financed from Society funds, of which a 
jiortion comes from membership dues and from its publications, and these funds 
are amplified by contributions from friends in the industiies engaged in the general 
field of heating, ventilating, and air conditioning. 

THE GUIDE 

A distinctly new' service was inaugurated by the Society in 1922 when it estab- 
lished The Guide. Now* in 1949, as the 27th P^dition of the Heating Ventilating 
Air (Conditioning Guide makes its appearance, it is notable that The Guide 
has served effectively not only the memlicrship but the entire profession and the 
allied industries, and has re(!eived world wide recognition as a reliable and authori- 
tative compendium of useful heating, ventilating and air conditioning data. 

Throughout the 27 years of its service The (Iuide has become a reference book 
of unchallenged position in its special field of engineering. The intention of its 
founders, to provide an instrument of seivice containing reference material on the 
design and specification of heating, ventilating and air conditioning systems and 
containing essential and reliable information concerning modern equipment, has 
been carefully safeguarded by those responsible for the compilation of each edition. 

Steadily through the succieeding years The Guide has growTi in size, in service 
and in importance, so that the current edition contains 1384 pages of authoritative 
up-to-date information pertaining to the design and specification of heating, ven- 
tilating, air conditioning and piping systems, as well as a comprehensive Catalog 
Data Section on the modern equipment of leading manufacturers. 

The Guide exerts today one of the most positive influences tending to elevate, 
improve and extend the w^hole Art and Industry of Heating, Ventilating and Air 
Conditioning. It is universally recognized as the most useful and authoritative 
work in its field, being used by practicing engineers and manufacturers in all parts 
of the w^orld, and as a text-book by a growing number of the world’s principal 
engineering institutions. 
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